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114.1
115.1

Preface

The On-Site Guide is one of a number of publications prepared by the IET to provide
guidance on certain aspects of BS 7671:2018 Requirements for Electrical Installations,
IET Wiring Regulations, 18th Edition. BS 7671 is a joint publication of the British Standards
Institution and the Institution of Engineering and Technology.

The scope generally follows that of BS 7671. The Guide includes material not included in
BS 7671, it provides background to the intentions of BS 7671 and gives other sources of
information. However, it does not ensure compliance with BS 7671. It is a simple guide
to the requirements of BS 7671; electrical installers should always consult BS 7671 to
satisfy themselves of compliance.

It is expected that persons carrying out work in accordance with this guide will be
competent to do so.

Electrical installations in the United Kingdom which comply with the /ET Wiring
Regulations, BS 7671, must comply with all relevant statutory regulations, such as the
Electricity at Work Regulations 1989, the Building Regulations and, where relevant, the
Electricity Safety, Quality and Continuity Regulations 2002, as amended.

It cannot be guaranteed that BS 7671 complies with all relevant statutory regulations.
It is, therefore, essential to establish which statutory and other appropriate regulations
apply and to install accordingly. For example, an installation in licensed premises may
have requirements which differ from or are additional to those of BS 7671, and these
will take precedence.

On-Site Guide | 7
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Part 1

Foreword

This Guide is concerned with limited application of BS 7671 in accordance with paragraph
1.1: Scope.

BS 7671 and the On-Site Guide are not design guides.

It is essential to prepare a design and/or schedule of the work to be done prior to
commencement or alteration of an electrical installation and to provide all necessary
information and operating instructions of any equipment supplied to the user on
completion.

Any specification should set out the detailed design and provide sufficient information to
enable competent persons to carry out the installation and commissioning.

The specification must provide for all the commissioning procedures that will be required
and for the production of any operation and maintenance manual and building logbook.

The persons or organisations who may be concerned in the preparation of the
specification include the:

v

Designer(s)

Installer(s)

Electricity Distributor

Installation Owner and/or User
Architect

Local Building Control Authority/Standards Division or Approved Inspector
Fire Prevention Officer

CDM Coordinator

BIM Coordinator

Regulatory Authorities

Licensing Authority (where necessary)
Health and Safety Executive.

Yy vy vy vYyYVYVYVYVYVYY

v

In producing the specification, advice should be sought from the installation owner and/
or user as to the intended use. Often, such as in a speculative building, the detailed
intended use is unknown. In those circumstances the specification and/or the operation
and maintenance manual and building logbook must set out the basis of use for which
the installation is suitable.

On-Site Guide | 9
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Precise details of each item of equipment should be obtained from the manufacturer
and/or supplier and compliance with appropriate standards confirmed.

The operation and maintenance manual must include a description of how the installed
system is to operate and must include all commissioning records. The manual should also
include manufacturers' technical data for all items of switchgear, luminaires, accessories,
etc. and any special instructions that may be needed.

Building Regulations 2010, Part L 2013 (Amended 2016) of England, for example,
requires that building owners or operators are provided with summary information
relating to a new or refurbished building which includes building services information
and the maintenance requirements in a building logbook. Information on how to develop
and assemble a building logbook can be obtained from CIBSE:

Tel.: 020 8675 5211

Website: www.cibse.org

Address: CIBSE
222 Balham High Road
London
SW12 9BS

The Health and Safety at Work etc. Act 1974 Section 6 and The Construction (Design
and Management) Regulations 2015 are concerned with the provision of information.
Guidance on the preparation of technical manuals is given in BS EN 82079-1:2012
Preparation of instructions for use. Structuring, content and presentation General
principles and detailed requirements and BS 4940 series (1994) Technical information
on construction products and services. The size and complexity of the installation will
dictate the nature and extent of the manual.

On-Site Guide
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Introduction

1.1 Scope

This Guide is for installers (for simplicity, the term installer has been used for electricians
and electrical installers). It covers the following installations:

(a) domestic and similar installations, including off-peak supplies, supplies to
associated garages, outbuildings and the like; and
(b) small industrial and commercial single- and three-phase installations.

Part 7 Note: Spedcial Installations or Locations (Part 7 of BS 7671) are generally excluded from this Guide.
Advice, however, is given on installations in locations containing a bath or shower and
underfloor heating installations.

This Guide is restricted to installations:

313.1 (a) at a supply frequency of 50 Hz
(b) at a nominal voltage of 230 V AC single-phase or 400/230 V AC three-phase
(c) supplied through a distributor's cut-out having a fuse or fuses rated at 100 A or
less to one of the following standards:
— BS 88-2
- BS88-3
— BS 88-6

— BS 1361 Type ll
Note: BS 1361 was withdrawn in March 2010 and replaced by BS 88-3; BS 88-2.2 and BS 88-6 were

withdrawn in March 2010 and replaced by BS 88-2 (BS EN 60269-2) but fuses complying with
these withdrawn standards will be found in existing installations for many years to come.

(d) typical maximum values of earth fault loop impedance, Z,, for TN earthing
arrangements outside the consumer's installation commonly quoted by
distributors are as follows:

» TN-C-S arrangement - 0.35 Q, see Figure 2.1(i)
» TN-S arrangement - 0.8 (), see Figure 2.1(11)

Note: The values of 0.35 Q and 0.8 Q are typical maximum values as quoted by distributors of
electricity upon enquiry which will aid, for example, designs for new-build installations.

Table 41.5 For a TT arrangement, 21 Q is the usual stated maximum resistance of the
542.2.4 distributor's earth electrode at the supply transformer. The resistance of the
consumer's installation earth electrode should be as low as practicable and an

On-Site Guide | 11
© The Institution of Engineering and Technology



1

Appx E

12

earth electrode resistance or Z, measurement exceeding 200 © may not be

stable due to environmental changes, i.e. drying out in summer and freezing in
winter.

This Guide also contains information which may be required in general installation work,
for example, conduit and trunking capacities, bending radii of cables, etc.

The Cuide introduces the use of standard circuits, which are discussed in Section 7.
However, because of simplification, this Guide may not give the most economical result.

This Guide is not a replacement for BS 7671, which should always be consulted.
Defined terms according to Part 2 of BS 7671 are used.

In compliance with the definitions of BS 7671, throughout this Guide the term line
conductor is used instead of phase conductor and live part is used to refer to a conductor
or conductive part intended to be energised in normal use, including a neutral conductor.

The terminals of electrical equipment are identified by the letters L, N and E (or PE).

Further information is available in the series of Guidance Notes published by the IET:

» CN 1 Selection & Erection

GN 2 Isolation & Switching

GN 3 Inspection & Testing

GN 4 Protection Against Fire

GN 5 Protection Against Electric Shock
GN 6 Protection Against Overcurrent
GN 7 Special Locations

» GN 8 Earthing & Bonding

Notes:

¥y vyyvywvwyy

For clarification:

» the distributor of electricity is deemed to be the organisation owning or operating the electrical
supply equipment, and
» the supplier of electricity is the organisation from whom electricity is purchased.

1.2 Building Regulations

Refer to the IET publication Electrician's Guide to the Building Reqgulations for more in-
depth guidance on electrical installations in dwellings.

1.2.1 England - The Building Regulations 2010

Persons carrying out electrical work in dwellings must comply with the Building
Regulations of England, in particular Part P (Electrical safety — dwellings).

Persons responsible for work within the scope of Part P of the Building Regulations may
also be responsible for ensuring compliance with other Parts of the Building Regulations,
where relevant, particularly if there are no other parties involved with the work. Building
Regulations requirements relevant to installers carrying out electrical work include:

On-Site Guide
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Part

Regulation 7

Note:

Title

Structure

Fire safety

Site preparation
and resistance to
contaminants and
moisture

Toxic Substances

Resistance to the
passage of sound

Ventilation

Sanitation, hot
water safety and
water efficiency

Protection from
falling

Conservation of
fuel and power

Access to and use
of buildings

Electrical safety —
dwellings

Physical
infrastructure

for high speed
electronic
communications
networks

Materials and
workmanship

| 1

Examples of relevance to electrical
installers

Depth of chases in walls, sizes of holes and notches in floor and
roof joists

Fire safety of certain electrical installations; provision of fire alarm
and fire detection systems; fire resistance of penetrations through
floors and walls

Moisture resistance of cable penetrations through external walls

Cable jointing compounds, galvafroid paint, use of solvents

Penetrations through floors, ceilings and walls

Ventilation rates for dwellings

Electric water heating

Electrical means of opening windows

Energy efficient lighting

Mounting heights of switches, socket-outlets etc. and consumer units
All electrical work within dwellings, of which some is notifiable

Installation of data networks and equipment

Implementation of European Regulation 305/2011/EU-CPR covering
construction products, referred to as the Construction Products

Regulation

Guidance is available for each part of the Building Regulations in the form of Approved

Documents which can be freely downloaded from the Ministry of Housing, Communities and
Local Government website: www.planningportal.gov.uk

On-Site Guide | 13
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1.2.2 The Building (Scotland) Regulations 2004 (as
amended)

The detailed requirements are given in the Technical Standards for compliance with the
Building (Scotland) Regulations.

Guidance on how to achieve compliance with these Standards is given in two Scottish
Building Standards Technical Handbooks — Domestic and Non-domestic.

These handbooks contain recommendations for electrical installations, including the
following:

— compliance with BS 7671

— minimum number of socket-outlets in dwellings

— minimum number of lighting points in dwellings

— minimum illumination levels in common areas of domestic buildings, for
example, blocks of flats

— arange of mounting heights of switches and socket-outlets, etc.

— separate switching for concealed socket-outlets, for example, behind white
goods in kitchens

— conservation of fuel and power in buildings.

With regard to electrical installations in Scotland, the requirements of the above are
deemed to be satisfied by complying with BS 7671.

Note: The handbooks are available in electronic format only from the Building Standards Division of
the Scottish Government from website: www.scotland.gov.uk/bsd

1.2.3 The Building Regulations of Northern Ireland
The Building Regulations (Northern Ireland) 2000 (as amended) apply.

Note: Information can be obtained from the website: www.buildingcontrol-ni.com

1.2.4 The Building Regulations of Wales

On 31 December 2011 the power to make building regulations for Wales was transferred
to Welsh Ministers. This means Welsh Ministers will make any new building regulations

or publish any new building regulations guidance applicable in Wales from that date.

The Building Regulations 2010 and related guidance for England and Wales, including
approved documents as at that date, will continue to apply in Wales until Welsh Ministers
make changes to them. As guidance is reviewed and changes made, Welsh Ministers will
publish separate approved documents.

On-Site Guide
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31 1.3 Basic information required

2441

312

132.16

1.20.5

Before starting work on an installation which requires a new electrical supply, the installer
should establish the following information with the local electricity distributor:

(@) the number of live conductors required by the design

(b) the distributor's requirement for cross-sectional area and maximum* length of
the consumer's tails

(c) the maximum prospective fault current (lf) at the supply terminals

(d) the typical maximum earth fault loop impedance (Z,) of the earth fault path
outside the consumer's installation

(e) the type and rating of the distributor's fusible cut-out or protective device

(f) the distributor's requirements regarding the size of main protective bonding
conductors

(g) the conductor arrangement and system earthing

(h) the arrangements for the incoming cable and metering.

*Some distributors will specify a maximum permitted length for consumer's tails. The
distributor may also apply particular requirements for isolation or protection.

For additions and alterations to existing installations, installers should satisfy themselves

as to the suitability of the supply, the distributor's equipment and the earthing and
bonding arrangements.

Intended departures from BS 7671

Where the designer decides to depart from the requirements of BS 7671, the resulting
degree of safety must not be less than that obtained by compliance with the Regulations.
The designer is responsible for the safety of the design. Any intended departure from
the requirements of BS 7671, although the designer is confident regarding safety, must
be recorded on the Electrical Installation Certificate. There is a difference between an
intended departure and a non-compliance; points to note:

— an intended departure must be recorded on the Electrical Installation
Certificate

- an intended departure not recorded on the Electrical Installation Certificate
s unacceptable, as it is simply a non-compliance and the certificate would,
therefore, be worthless.

On-Site Guide | 15
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The electrical

supply

2.1 General layout of equipment

The general layout of the equipment at the service position is shown in Figures 2.1(i) to
2.1(iit), including typical protective conductor cross-sectional areas.

The following scenarios are considered:

» Figure 2.1(i) TN-C-S (PME) earthing arrangement
» Figure 2.1(ii) TN-S earthing arrangement (cable sheath earth)
» Figure 2.1(iii) TT earthing arrangement (no distributor's earth provided/used)

¥ Figure 2.1(i) TN-CS (PME) earthing arrangement

circuit protective  metal water metal gas
conductors pipe pipe

consumer's tails

LABEL (see Figure 6.5)

AN

electricity
isolator .
switch =

=~ | [-1 PPFFFE
| P P

i
AP 0L S

gas meter

water gas
service service
pipe pipe

Note: An electricity isolator switch may not always be installed by the distributor.
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¥ Figure 2.1(ii) TN-S earthing arrangement (cable sheath earth)

circuit protective  metal water metal gas |
conductors pipe pipe

consumer's tails

LABEL (see Figure 6.5)

Y

gas meter

water gas
service service
pipe pipe

Note: An electricity isolator switch may not always be installed by the distributor.

V¥ Figure 2.1(iii) TT earthing arrangement (no distributor's earth provided/used)

circuit protective  metal water metal gas
conductors pipe pipe

consumer’s tails

LABEL (see Figure 6.5)

N

“E,i\. e

main switch

isolator
switch

16mm-

gas meter

LABEL (see Figure 6.5)

earth water gas
electrode service service
pipe pipe

Note 1:  An electricity isolator switch may not always be installed by the distributor.
542.5.1 Note2: See Table 4.4(ii) for further information regarding the sizing of the earthing conductor for a
TT earthing arrangement.
Note 3: See 2.2.6 for requirements for consumer unit enclosures.
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2.2 Function of components

2.2.1 Distributor's cut-out

This will be sealed to prevent the fuse being withdrawn by unauthorised persons. When
the consumer's tails and consumer unit are installed in accordance with the requirements
of the distributor, the cut-out may be assumed to provide protection against fault current
up to the consumer's main switch.

As the cut-out is the property of the distributor, installers must not cut seals and withdraw
cut-out fuses without permission. Where removal of the cut-out for isolation is required,
the supplier of electricity should be contacted to arrange disconnection and subsequent
reconnection.

Note: The supplier of electricity may not be the same organisation as the distributor; see 1.1.

2.2.2 Electricity meter

The terminals will be sealed by the meter owner to prevent interference by unauthorised
persons.

2.2.3 Meter tails

Meter tails fall into two categories, supplier's tails and consumer's tails and there is a
need to differentiate between the two.

V¥ Figure 2.2.3 Meter tails

consumer’s tails

&7 BE 1RR45E

RCBOs
- * -
o te —o|e|e® lll
super’s Lol \
tails electricity
isolator  main switch

switch
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514.3.1

434.3(wv)

5226202
5526203

536.4.201

20

22.3.1 Consumer's tails

The cables between the electricity meter and the consumer unit, known as the
consumer's tails, are part of the consumer's installation and should be insulated and non-
metallic sheathed or insulated and enclosed within containment, for example, conduit or
trunking. Consumer's tails are provided by the installer and are the responsibility of the
owner of the electrical installation.

Polarity should be indicated by the colour of the insulation and the minimum cable size
should be 25 mm”. The distributor may specify the maximum length of tails between
the meter and the consumer unit in addition to the minimum cross-sectional area

(see 1.3). In some cases, the distributor may require an electricity isolator switch
(see 2.2.4).

Where the consumer's tails are protected against fault current by the distributor's cut-out,
the method of installation, maximum length and minimum cross-sectional area of the
tails must comply with the requirements of the distributor.

22.32 Supplier's tails

The cables between the supplier's cut-out and the electricity meter, known as the
supplier's tails, are part of the supplier's equipment.

Where tails are buried in walls or enclosed within the fabric of the building, further
protection is required (see 7.3.2).

It is important that both supplier's and consumer's tails are sufficiently protected from
mechanical damage and disturbance by the use of trunking and/or cable clips; see 2.2.6
of this Guide.

2.2.4 Electricity isolator switch

Distributors may provide and install an electricity isolator switch between the meter and
the consumer unit, labelled as Electricity isolator switch in Figures 2.1(i) to 2.1(iii) and
2.2.3. This double-pole switch permits the supply to the installation to be interrupted
without withdrawing the distributor's cut-out fuse.

2.2.5 Consumer's controlgear

A consumer unit assembly (to BS EN 61439-3:2012) is for use on single-phase
installations up to 100 A and may include the following components:

» a double-pole isolator

» fuses, circuit-breakers or RCBOs for protection against overload and fault
currents

» RCDs for additional protection against electric shock

» RCDs for fault protection.

» Arc Fault Detection Devices (AFDD) for additional protection against fire.

Alternatively, a separate main switch and distribution board may be provided.

On-Site Guide
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21.1.201
421.1.201
551.5.5.3.2,
201

2

All devices and components shall only be those declared suitable according to the
assembly manufacturer’s instructions or literature. The scope of BS EN 61439-3 includes
distribution boards with an incoming rated current not exceeding 250 A and outgoing
crrcuits not exceeding 125 A. They are intended to be operated by ordinary persons.They
can be used in domestic and commercial single and three-phase installations up to 100
A within the scope of this guide.

See IET Guidance Note 1 - Selection and Erection and BEAMA guide Overload protection
of an RCCB or switch in an LV assembly to BS EN 61439-3 available at http://www.
beama.org.uk/resource-library.html.

2.2.6 Consumer unit assemblies

Where a consumer unit assembly is installed in domestic (household) premises,
domestic garages and outbuildings, one of the following applies:

» the enclosure is to be manufactured from non-combustible material; or
» the consumer unit is enclosed in a cabinet constructed from non-combustible
material.

Ferrous metal, i.e. steel, is deemed to be an example of a non-combustible material.

Plastic enclosures manufactured from 960 degree glow-wire rated material would not be
classified as ‘non-combustible’ in the context of this regulation.

Where a steel consumer unit is installed in an installation forming part of a TT system,
the earth fault loop impedance, Z,, is likely to be much higher than the maximum that
is permitted for use of the overcurrent protective device, i.e. cut-out, in order to provide
fault protection. Should the consumer's tails become loose or damaged and make
contact with the metal enclosure, it is likely that the overcurrent device will not operate
within the maximum permitted time of 5 s.

The IET's Wiring Regulations Policy Committee, therefore, advises the following:

(a) A Class | metal consumer unit is installed and each outgoing circuit is protected
by an RCBO

(b) A split, Class | metal consumer unit is installed, where the double-pole main
switch of the consumer unit should incorporate an S type (time delayed)
RCCB, e.g. 100 mA S-type R CCB.

Note: In cases where RCBOs protect each outgoing circuit, the risk of the solid busbar (connecting
the supply side of each RCBO) making contact with the ferrous enclosure is minimal. In
split consumer units, where two or three RCCBs protect multiple circuits through individual
arcuit-breakers, the risk of the single-insulated conductors (connecting the load side of the
double-pole main switch to the supply side of the RCCBs) making contact with the ferrous
enclosure due to vibration and/or abrasion or being damaged is far higher. In essence, where
the construction and layout of the consumer unit is such that the risk of live conductors making
contact with the ferrous enclosure is minimal, then the double-pole main switch need not
incorporate an S-type RCCB.
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In all cases:
412.2.4.1 (a) the consumer's tails need to meet the requirements for the protective measure
531.3.5.3 of double or reinforced insulation throughout their length. This can be achieved

s by the use of single-core insulated and non-metallic sheathed cable with the

sheath being kept on the right up to the terminals of the incoming device (main
switch or RCD) of the consumer unit.

522.8.1 (b) the consumer's tails need to be protected to avoid mechanical damage and
disturbance at the incoming terminals in the consumer unit in order to avoid
the line conductor becoming disconnected and making contact with the metal
enclosure. This can be achieved by, for example, clipping or clamping the
consumer's tails, or by installing them in trunking and the use of a suitable
cable-entry gland. In all cable entry arrangements, the enclosure shall not have
sharp edges that could damage cables.

V¥ Figure 2.2.6a Example of clipping tails to arrest movement

Cables clipped at relevant positions circuit protective metal water metal gas
to arrest movement \m::sum i baile conductors pipe pipe

LABEL (see Figure 6.5)
N

electricity
isolator

supplier’s tails

16mm?

gas meter

water gas
service service
pipe pipe

(c) The cable installation entry method shall, so far as is reasonably practicable,
maintain the fire containment of the enclosure. It is essential that account be
taken of the manufacturer’s instructions, if any.

This can generally xbe achieved by the installer ensuring that cable access
holes they make in the enclosure do not to leave gaps greater than:
« 1.0 mm for the horizontal top surface and
« 2.5 mm for all other surfaces of the enclosure that are accessible after
installation.
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The installer could for example, select as they deem appropriate; trunking,
conduit, cable gland or cable entry accessories to minimise the opening around
the cables.

(d) the consumer's tails also need to be protected to avoid any foreseeable damage
and, where entering a ferrous enclosure, do so through the same entry point.

A non-combustible enclosure includes base, cover, door and any components, e.g.
hinges, covers, screws and catches necessary to maintain fire containment. Devices and
blanks are contained within the non-combustible enclosure and, therefore do not have
to be manufactured from a non-combustible material, e.g. steel. However, the use of
non-combustible blanks is not precluded.

Note: Information on consumer units kindly provided by BEAMA. This and more can be found here:
http://www.beama.org.uk/en/publications/technical-bulletins.cfm

Where the consumer unit is to be located in an external non-habitable building, e.g. a
garage or shed, which is not in close proximity to a dwelling, consideration could still be
given to installing a consumer unit of non-ferrous construction. The term “not in close
proximity” is always a moot point and the decision to install a non-ferrous enclosure
must be supported by a documented risk assessment, which must be appended to the
Electrical Installation Certificate.

2.3 Separation of gas installation pipework
from the electrical installation

Where gas installation pipework is not separated from electrical equipment or cables
by an insulating enclosure, dividing barrier, trunking, or conduit, the following separation
distances shall be followed:

(a) at least 150 mm away from electricity supply equipment, such as metering
equipment, main service cut-outs or supplier (main) isolation switches and
distribution boards or consumer units;

(b) at least 25 mm away from electrical switches, sockets and electricity supply
and distribution cables.

The installation pipework shall not be positioned in a manner that prevents the operation
of any electrical accessory, i.e. a switch or socket-outlet.

Note: Where these spacing requirements are impracticable the pipework should either be sheathed
with an electric insulating material rated at 230 V or more, or a panel of electrical insulating
material should be interposed.

The cited distances are quoted within BS 6891:2015 Specification for the installation
and maintenance of low pressure gas installation pipework of up to 35 mm (R1vs) on
premises, clause 8.4.2.
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V¥ Figure 2.3 Separation from the gas installation

—ri i-:— Separation of at least 25 mm from switches,
: socket-outlets and supply or distribution cables

& Supply cable or
distribution cable

Minimum
& distance
150 mm

Separation of at least 150 mm from electricity supply equipment,
e.g. metering equipment, main service cut outs or supplier (main)
isolation switches and distribution boards or consumer units

2.4 Portable generators

55144 It is recognised that generators will be used occasionally as a temporary or short-term
means of supplying electricity for use; for example:

» on a construction site

» on stalls at a street market

» at an external gathering or function attended by the general public, such as a
country show.

Temporary generators can be divided into two classes, i.e. portable and mobile:

» portable generators with an electrical output rating of up to 10 kVA are used for

small-scale work for short-term use, i.e. less than one day, and
» mobile generators are those used for longer periods and can be in excess of

10 kVA output.

This Guide considers three scenarios relating to the use of portable generators; see 2.4.1
to 2.4.5.
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For information relating to the permanent use of generators see IET Guidance Notes 5
and 7 and Section 551 of BS 7671:2018.

Where generators are used to supply concession vehicles, such as burger vans, see
Section 717 Mobile and Transportable Units of BS 7671:2018 and IET Guidance Note 7.

2.4.1 Portable generator isolated from earth

Portable generators ranging in output from 0.2 kVA to 10 kVA single-phase are often
isolated from Earth, i.e. there is no connection between the chassis and/or earth
connection of socket-outlet(s) of the unit and the neutral of the generator winding and
Earth. The ends of the generator winding are brought out to one or more three-pin
socket-outlets which should conform to BS EN 60309-2. The earth socket-tube of the
socket-outlet(s) is usually connected internally to the frame of the generator only; see
Figure 2.4.1.

This arrangement is a form of electrical separation, where basic protection is provided
by basic insulation of live parts or by barriers and enclosures, and fault protection is
provided by simple separation of the separated circuit from other circuits and from Earth.
The requirements for electrical separation can be found in Section 413 of BS 7671
where one item of equipment is supplied and Regulation 418.3 where more than one
item of equipment is supplied by the separated circuit. However, the requirements of
Regulation 418.3 could prove difficult or impracticable to meet in a typical application of
a portable generator.

It is extremely important to note that a portable generator isolated from earth should
only be used to supply equipment in the following permutations:

» one or more items of Class Il equipment
» one item of Class | equipment
» one or more items of Class Il and one item of Class | equipment.

The supply of only Class Il equipment, however, is preferable.

No more than one item of Class | equipment should be supplied at any time as faults can
be presented as voltages and operatives can provide a path for current flowing between
exposed-conductive-parts of faulty electrical equipment.
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V¥ Figure 2.4.1 Portable generator used with a floating earth

::J— Current-using

\__c Load equipment

h

Socket-outlet
with overcurrent
protection

Generator

2.4.2 Portable generator used without reference to the
conductive mass of the Earth (floating)

Where more than one item of Class | equipment is to be supplied by a single-phase
portable generator, it is important to ensure that the earth connections of the socket-
outlets at the generator are connected to the neutral of the generator winding in addition
to the chassis or frame of the generator. See Figure 2.4.2.

Such a configuration will provide a return path for any fault current caused by contact
between live parts and exposed-conductive-parts of the connected equipment. Note
that neither of the live conductors of the generator are connected to the conductive
mass of the Earth. If this method of supply is used, extreme care should be taken
to ensure that there is no intended or casual interconnection with any other electrical
system, such as extraneous-conductive-parts or exposed-conductive-parts from other
electrical systems.

RCDs providing additional protection at 30 mA are required for all circuits supplied in
this manner.
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V¥ Figure 2.4.2 Generator supplying more than one item of equipment

—1

Socket-outlets
with overcurrent
Generator protection and RCD

(¥]
protection at 30 mA ﬂ

2.4.3 Portable generator referenced to the conductive
mass of the Earth

Where there are extraneous-conductive-parts or exposed-conductive-parts of other
electrical systems present, generator reference earthing, by means of an earth electrode
to the conductive mass of the Earth, should be installed. See Figure 2.4.3(i).

Note that this does not create a TT system; the system will be TN-S from the generator,
the neutral or star point being referenced to the conductive mass of the Earth.

Where an earth electrode is supplied it will need to be tested by the standard method
using a proprietary earth electrode resistance tester; see 10.3.5.2.

Note that an earth fault loop impedance tester cannot be used for this test as the
earth electrode is not used as a means of earthing, it is used to reference the portable
generator to the conductive mass of the Earth and does not form part of the earth loop.

As the earth electrode is used for referencing and not as a means of earthing, its
resistance should, ideally, be less than 200 Q.

If buried, generator reference earthing and/or bonding conductors should be sized
in accordance with Table 54.1 and suitably protected in accordance with Regulation
543.3.1. For example, a 16 mm” conductor would generally be adequate for short-term
use where no mechanical protection is provided.
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V¥ Figure 2.4.3(i) Generator reference earthing - using earth electrode

Socket-outlets
with overcurrent

Generator protection and RCD

protection at 30 mA A

Earth electrode

Where restrictions, such as concreted/paved areas or the portable generator is being
used some distance above ground level, make it impossible to install an earth electrode,
simultaneously accessible metal parts, i.e. accessible extraneous-conductive-parts and/
or exposed-conductive-parts from other electrical systems, may be bonded to the main
earthing terminal of the generator. See Figure 2.4.3(ii).

544.1.1  Where separate accessible extraneous-conductive-parts and/or exposed-conductive-

parts from other electrical systems are connected together, protective conductors can
be sized in accordance with Regulation 544.1.1. For example, a 16mm* conductor would

generally be adequate for short-term use where no mechanical protection is provided.
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V¥ Figure 2.4.3(ii) Generator reference earthing - connection of extraneous-
and/or exposed-conductive-parts where the installation of an
earth electrode is not possible

Socket-outlets
with overcurrent

protection and RCD
protection at 30 mA ﬁ

Generator
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Protection

3.1 Types of protective device
The consumer unit (or distribution board) may contain devices providing:

(a) protection against overload current

(b) protection against short-circuit current and earth fault current
(c) automatic disconnection in case of a fault (fault protection)

(d) additional protection (electric shock protection): RCD(s) 30 mA.
(e) additional protection against fire may also be included (AFDD)

Functions (a) and (b) are usually carried out by one device, i.e. a fuse or circuit-breaker.

Function (c) is usually carried out by the device performing function (b), except where
a high value of earth fault loop impedance makes the use of a fuse or circuit-breaker for
function (c) impracticable (such as a TT system), in which case an RCD has to be used.

An RCBO, being a unit with a combined circuit-breaker and RCD, will carry out functions

(@) to (d).

3.2 Protection against overload current

Protection against overload current will be provided by the use of any of the following
devices:

» fuses to BS 88-2, (BS EN 60269-2) BS 88-3, BS 88-6, BS 1361 and BS 3036
miniature circuit-breakers to BS 3871-1 types 1, 2 and 3

circuit-breakers to BS EN 60898 types B, C and D, and

residual current circuit-breakers with integral overcurrent protection (RCBOs) to
BS EN 61009 series and BS EN 62423.

yYwvyy

3.3 Protection against short-circuit current and
earth fault current

When a consumer unit to BS EN 61439-3:2012 or BS 5486: Part 13 or a fuseboard
having fuselinks to BS 88-2 (BS EN 60269-2) or BS 88-6 or BS 1361 is used, then
protection against short-circuit current and earth fault current will be provided by that
particular overcurrent protective device.

Note: For other protective devices the breaking capacity must be adequate for the prospective fault
current at their point of installation.
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3.4 Protection against electric shock

3.4.1 Automatic disconnection of supply

Automatic disconnection of supply (ADS) is the most the common method of protection
against electric shock. There are two elements to automatic disconnection of supply,
basic protection and fault protection.

3.4.1.1

Basic protection is the physical barrier between persons/livestock and a live part.
Examples of basic protection are:

Basic protection

» electrical insulation
» enclosures and barriers.

It follows that single-core non-sheathed insulated conductors must be protected by
conduit or trunking and be terminated within a suitable enclosure.

A 30 mA RCD may be provided to give additional protection against contact with live
parts but must not be used as primary protection.

3.4.1.2 Fault protection
Fault protection comprises:

» protective earthing,
» protective equipotential bonding, and
» automatic disconnection in case of a fault.

Fault protection works by limiting the magnitude and duration of voltages that may appear
under earth fault conditions between simultaneously accessible exposed-conductive-
parts of equipment and between them and extraneous-conductive-parts or earth.

3.4.2 Other methods of protection against electric shock

In addition to automatic disconnection of supply, BS 7671 recognises other methods of
protection against electric shock.

3.4.3 SELV and PELV

SELV
Separated extra-low voltage (SELV) systems:

» are supplied from isolated safety sources such as a safety isolating transformer
to BS EN 61558-2-6 or BS EN 61558-2-8

» have no live part connected to earth or the protective conductor of another
system

» have basic insulation from other SELV and PELV circuits

» have double or reinforced insulation or basic insulation plus earthed metallic
screening from LV circuits
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» have no exposed-conductive-parts connected to earth or to exposed-
conductive-parts or protective conductors of another circuit.

PELV

Protective extra-low voltage (PELV) systems must meet all the requirements for SELV,
except that the circuits are not electrically separated from earth.

For SELV and PELV systems, basic protection need not be provided if voltages do not
exceed those given in Table 3.4.3.

¥ Table 3.4.3 SELV and PELV basic protection voltage limits

Location SELV and PELV

Dry areas 25VACor60VDC
Locations containing a bath or shower, Further protection required at all voltages
swimming pools, saunas

3.5 Automatic disconnection
3.5.1 Standard circuits

For the standard final circuits given in Section 7 of this Guide, the correct disconnection
time is obtained for the protective devices by limiting the maximum circuit lengths.

3.5.2 Disconnection times - TN systems
A disconnection time of not more than 0.4 s is required for final circuits:

» 63 A with one or more socket-outlets
» 32 A when supplying only fixed equipment

A disconnection time of not more than 5 s is permitted for:

» final circuits exceeding 32 A, and
» distribution circuits.

3.5.3 Disconnection times - TT systems

The required disconnection times for installations forming part of a TT system can,
except in the most exceptional circumstances outside the scope of this Guide, only be
achieved by protecting every circuit with an RCD, hence, a time of not more than 0.2 s
is required for final circuits:

» 63 A with one or more socket-outlets
» 32 A when supplying only fixed equipment.
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» final circuits exceeding 32 A, and
» distribution circuits.

3.6 Residual current devices (RCDs)

RCD is the generic term for a device that operates when the residual current in the circuit
reaches a predetermined value. The RCD is, therefore, the main component in an RCCB
(residual current operated circuit-breaker without integral overcurrent protection) or
one of the functions of an RCBO (residual current operated circuit-breaker with integral
overcurrent protection).

3.6.1 Protection by RCDs

RCDs are required for:

(a) fault protection where the earth fault loop impedance is too high to meet
the required disconnection time, for example, where the distributor does not
provide a connection to a means of earthing, i.e. TT earthing arrangement

(b) additional protection for socket-outlets not exceeding 32 A

(c) additional protection for lighting circuits in domestic (household) premises

(d) additional protection for all low voltage circuits serving locations containing a
bath or shower

(e) additional protection for all low voltage circuits passing through zones 1 and 2
of locations containing a bath or shower but not serving equipment within the
location

(f) additional protection for circuits supplying mobile equipment not exceeding 32
A for use outdoors

(g) additional protection for cables without earthed metallic covering installed in
walls or partitions at a depth of less than 50 mm and not protected by earthed
steel conduit, earthed trunking or earthed ducting

(h) additional protection for cables without earthed metallic covering installed in
walls or partitions with metal parts (not including screws or nails) and not
protected by earthed steel conduit or the like.

3.6.2 Omission of RCD protection

3.6.2.1 Specific cases

RCDs for additional requirements for socket-outlets can be omitted in non-domestic
premises, where a documented risk assessment determines that RCD protection is not
necessary. The risk assessment must be appended to the certificate issued for the work.
See 3622

Cables installed on the surface do not specifically require RCD protection; however, RCD
protection may be required for other reasons, for example, for fault protection where the
earth fault loop impedance is such that the disconnection time for an overcurrent device

cannot be met.
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11123 3.6.2.2 Risk assessment and the omission of additional requirements by RCDs for

411.3.3
Note 2

-

14

socket-outlets

In non-domestic premises, BS 7671:2018 permits RCDs, where usually provided
for additional protection to socket-outlets, to be omitted where a documented risk
assessment determines that the risk to users and those in the vicinity is sufficiently low
and, hence, RCD protection is not necessary.

The Management of Health and Safety at Work Regulations 1999 puts the responsibility
for carrying out risk assessments onto (as applicable) the persons responsible for the
operations or work activity. The risk assessment should consider the frequency of use,
the environment, the equipment to be connected, the skill level of the person using the
equipment and the socket-outlet and the persons who will have access to the area when
the equipment is in operation, amongst many other factors.

The intention is that the omission of RCDs for additional protection to socket-outlets
should be only as a last resort and certainly not for implementation in domestic premises.

Note that the risk assessment, like all risk assessments, will need to be revisited at
pertinent intervals to assess any change in circumstances, i.e. change of use/change of
ownership or when a periodic inspection is undertaken and must be appended to the
Electrical Installation Certificate EICR.

3.6.3 Applications of RCDs

Installations are required to be divided into circuits to avoid hazards and minimize
inconvenience in the event of a fault and to take account of danger that might arise from
the failure of a single circuit, such as a lighting circuit.

The following scenarios show different methods of providing RCD protection within
installations. Note that, for clarity, earthing and bonding connections are not shown.
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3.6.3.1 Examples of RCDs within installations
In each case, refer to 2.2.6 of this Guide.

¥ Figure 3.6.3(i) Consumer unit with RCBOs, suitable for all installations
(TN and TT)

final circuits

AT HF VEGATE

labelled main switch
‘Main switch’ (isolator)

Single RCBOs protect each outgoing circuit and the risk of the busbar (connecting
the supply side of each RCBO) becoming loose and making contact with the ferrous
enclosure is minimal. The use of RCBOs will minimize inconvenience in the event of a

fault and is applicable to all systems.

¥ Figure 3.6.3(ii) Split consumer unit with separate main switch and two 30 mA
RCCBs

final circuits final circuits

LR RN VT

_
30 mA
(isolator) RCCB RCCB
labelled
‘Main switch’
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The division of an installation into two parts with separate 30 mA RCCBs will ensure
that part of the installation will remain on supply in the event of a fault. Generally, this
IS not suitable for an installation forming part of a TT system as there is insufficient fault

protection of the single insulated conductors which connect the load side of the double-
pole main switch to the supply side of the RCCBs.

¥ Figure 3.6.3(iii) Three-way split consumer unit with separate main switch, two
30 mA RCCBs and circuits without RCD protection

final circuits

specifically labelled circuits
e.g. fire alarms,
medical equipment

final circuits

L LR

main switch
(isolator) RCCB RCCB

labelled
‘Main switch’

The three-way division of an installation can provide ways unprotected by RCDs for, say,
fire systems and for two separate 30 mA RCCBs to ensure that part of the installation
will remain on supply in the event of a fault. Unprotected circuits will usually need to be
installed in earthed metal conduit or wired with earthed metal-sheathed cables. This is
not suitable for an installation forming part of a TT system as there is insufficient fault
protection of the single insulated conductors which connect the load side of the double-
pole main switch to the supply side of the RCCBs.

3.6.3.2 RCBOs

The use of RCBOs will minimize inconvenience in the event of a fault and is applicable
to all systems. See Figure 3.6.3(i).

Such a consumer unit arrangement also easily allows individual circuits, such as to
specifically labelled socket-outlets or fire alarms, to be protected by a circuit-breaker

without RCD protection. Such circuits will usually need to be installed in earthed metal
conduit or wired with earthed metal-sheathed cables.
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3.6.3.3 Split board with two 30 mA RCDs

The division of an installation into two parts with separate 30 mA RCCBs will ensure that
part of the installation will remain on supply in the event of a fault, see Figure 3.6.3(ii).

3.6.3.4 Three-way split board with two 30 mA RCDs

The three-way division of an installation can provide ways unprotected by RCDs for, say,
fire systems and for two separate 30 mA RCCBs to ensure that part of the installation
will remain on supply in the event of a fault. Unprotected circuits will usually need to
be installed in earthed metal conduit or wired with earthed metal-sheathed cables, see
Figure 3.6.3(iii).

3.7 Surge protective devices (SPDs)
3.7.1 Overview

Electrical installations and connected equipment can be severely affected by lightning
activity during thunderstorms or from electrical switching events.

For more information, see IET Guidance Note 1.

Damage can occur when the surge or transient overvoltage, as the result of lightning or
electrical switching, exceeds the impulse withstand voltage rating of electrical equipment
— the levels of which are defined in Table 443.2 of BS 7671:2018.

Surges from electrical switching events are created when large inductive loads, such as
motors or air conditioning units, switch off and release stored energy which dissipates as
a transient overvoltage. Switching surges are, in general, not as severe as lightning surges
but are more repetitive and can reduce equipment lifespan.

Overvoltages of atmospheric origin, i.e. created by lightning events, in particular, can
present a risk of fire and electric shock owing to a dangerous flashover.

» Section 443 of BS 7671:2018 has requirements for the protection of persons,
livestock and property from injury and damage as a consequence of overvoltage

» Section 534 has requirements for the selection and installation of surge
protective devices.

Note:  Section 534 applies to AC power circuits only. When the need for power SPDs is identified,
additional SPDs on other services such as telecommunications lines and equipment is also
recommended. See BS EN 62305 and BS EN 61643.

Note: Some electronic equipment may have protection levels lower than Category | of Table 443.2.

Note: BS 7671:2018 does not specify requirements for protection against transient overvoltages
due to direct or nearby lightning strokes on the structure. For risk management for protection
against transient overvoltages due to direct or nearby lightning strokes on the structure, see BS
EN 62305-2.
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3.7.2 Arrangements for protection against overvoltages

Protection according to Section 443 can only be achieved if transient overvoltages are
limited to values lower than those given in Table 443.2, requiring the correct selection

and installation of suitable SPDs.

3.7.2.1 Where SPD protection may not be required

Protection against overvoltages of atmospheric origin is not required in the following
circumstance but the rated impulse withstand voltage of equipment must meet the
requirements of Table 443.2 of BS 7671:2018:

» for single dwelling units where the total value of the installation and equipment
therein, does not justify such protection and the consequential losses are
tolerable.

3.7.2.2 Where SPD protection is required

Protection against transient overvoltages shall be provided where the consequence
caused by overvoltage:

(a) results in serious injury to, or loss of, human life, (e.g. hospitals, care homes,
home dialysis equipment)

(b) results in interruption of public services and/or damage to cultural heritage,
(e.g. data centres, heritage status buildings like museums and castles)

(c) results in interruption of commercal or industrial activity (e.g. banks, hotels,
supermarkets, industrial plants, farms)

(d) affects a large number of collocated individuals (e.g. offices, universities,
schools, residential tower blocks)

For all other cases than above a risk assessment to determine the Calculated Risk
Level CRL shall be conducted to 443.5 (see Appendix IET Guidance Note 1 for further

information).

Note: BS EN 62305-2 Protection against lightning risk assessment method must be used for high
risk installations such as nuclear or chemical sites where the consequences of transient
overvoltages could lead to explosions, harmful chemical or radioactive emissions thus
affecting the environment.

The flow chart in Figure 3.7.2.2 will aid the decision-making process for electrical
installations within the scope of this Guide. See IET Guidance Note 1 for more information.
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¥ Figure 3.7.2.2 SPD decision flow chart for installations within the scope of this Guide

START Refer to BS EN 62305 for risk
Direct or nearby lightning strikes on the structure; or YES management to determine
structures with risk of explosion; or where the damage may ———p  specific protection against !
ako Involve the environment (e.g. chemical or radioactive) overvoRage requirements
443.1.1) (443.1,1)

NO l hd
Protection against overvoltages required - selected and installed to Section 534

Where the structure is equipped with an external ightning protection system LPS or

Consequences caused protection against the effects of direct Iightning on overhead lines Type 1 SPDs shall be
by overvoltage leads to: installed as close as possible to the origin of the dectrical installation. (534.4.1.3)
a) serious injury to or loss of human life
b} interruption of public services and/or damage YES Where the structure is not equipped with an external LPS or does not require protection
to cultural heritage — against the effects of direct lightning, Type 2 5PDs shall be installed as close as possible to 1
¢} interruption of commercial or industrial activity the origin of the electrical installation. (534.4.1 4)
d) interruption to an Installation with a large
number of collocated individuals SPDs installed close to sensitive equipment to further protect against switching transients
(44 3.4) ariginating within the building shall be Type 2 or Type 3, (534.4.1.7)
(Mate: SPDs can be combined Type SPDs g T142, T14243, T243 - see Appendix 16 of
BS 767 1:2018)
NO Chieck If data, signal and telecom lines require
& pratection to preserve Lightning Protection
Zones LPZ concept (443.1,1,534,1, 534.4.1.2)
END
SEIUBIGES ChISo By e foe s Protection against overvoltages not ) ?
sngle dwelling unit where an assessment YES ud if i _ {
shaws the total value of the electrical e POBoRI T aquapmant comphes wit
installation and connected equipment required rated impulse voltage «-
does not necessitate the cost of SPD (Table 443.2)
protection
(443 4)
NO l YES
— . > CRL value ks > 1000
Comequences caused YES Perform risk assessmaent
by overvoltage leads to interruption to all other ——p  todetermine Calculated —
installations than detailed above Risk Level CRL value
(443.4) (443.5)
| ') 'fE
. ' CRL < 1000 orif no risk i

== > assessment is performed

| ¢
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3.7.3 Types of SPD protection

For the protection of AC power circuits, SPDs are allocated a type number:

» Type 1 SPDs are only used where there is a risk of direct lightning current and,
typically, are installed at the origin of the installation

» Type 2 SPDs are used at distribution boards

» Type 3 SPDs are used near terminal equipment.

See also Table 3.7.3.

Combined Type SPDs are classified with more than one Type, e.g. Type 1 & 2, Type 2
& 3, and can provide both lightning current with overvoltage protection in addition to
protection between all conductor combinations (or modes of protection) within a single
unit. Combined Type SPDs provide high surge current handling combined with better
overvoltage protection levels (Up) — the latter being a performance parameter of an SPD.

V¥ Table 3.7.3 CSA of conductors and types of SPD protection

Type Name Location CSA conductor Hazard
1 Equipotential  Originofthe 16 mm’ minimum -  Protect against
bonding or installation length of tails — ideally flashover from direct
lightning <0.5 m but no longer  lightning strikes to
protection/ than T m structure or to LV

current SPD overhead supply

¥ CSA of conductors connecting SPDs and the OCPD:s to live conductors

Location CSA conductor
1 Origin of the installation 16 mm’ minimum - length of tails - ideally <0.5 m

but no longer than 1 m

3.7.4 Coordination and selection of surge protection

Where a number of SPDs are required to operate in conjunction with each other they
must be coordinated to ensure the correct type of protection is installed where required;
see Figure 3.7.4.

SPD protection should be coordinated as follows:

» choose the correct type of SPD for the installation and site in the correct
location

» refer to Regulation 443.6.2 and Table 443.2 of BS 7671 (impulse withstand
voltage)
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534.4.4.2 » choose SPDs with a protection level (Up) sufficiently lower than the impulse
withstand voltage or lower than the impulse immunity of the equipment to be
protected

» choose SPDs of the same make or manufacture.

Note: Coordinated SPDs must be of the same make or manufacture unless the designer is satisfied
that devices of different makes will coordinate as required.

¥ Figure 3.7.4 Typical location of a coordinated set of SPDs

Type 3 Type 2 Type 1
Overvoltage SPD Overvoltage SPD Equipotential
bonding or lightning
Terminal equipment Distribution board or protection/current SPD
consumer unit
Origin
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3.7.5 Critical length of connecting conductors for SPDs

To gain maximum protection the connecting conductors to SPDs must be kept as short
as possible, to minimize additive inductive voltage drops across the conductors. The total
lead length (g + b) should preferably not exceed 0.5 m but in no case exceed 1.0 m;
see Figure 3.7.5.

Refer to the SPD manufacturer's instructions for optimal installation.

V¥ Figure 3.7.5 Critical length of connecting conductors for SPDs

Main earthing terminal or
| connecting conductor bar

L
OCPD = overcurrent protective device
SPD = surge protective device
E/I = equipment or installation to be protected against overvoltages
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534.4.3

534.4.7

3.7.6 Methods of connection

Primarily, the installation of SPDs must follow the manufacturer's instructions but
minimum SPD connections at the origin of the electrical supply are usually made as
those shown in Figure 3.7.6(i) (TN-CS, TN-S, TT) and Figure 3.7.6(ii) (TT — SPDs

upstream of RCD):

Type 1 SPDs should be installed upstream from any RCD to avoid unwanted tripping.
Where this cannot be avoided, the RCD should be of the time-delayed or S-type.

V¥ Figure 3.7.6(i) SPDs on load side of RCD

OCPD 1

—WWW—
—WW——
W
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53447 ¥ Figure 3.7.6(ii) SPDs on supply side of RCD

. 13 ._l__ RCD
I . I—l_i_*_l_,

O - O - O e . -

Note: See Appendix 16 of BS 7671:2018 for further information regarding the connection of SPDs.

2117 3.8 Arc Fault Detection Devices (AFDD)

5376 The use of AFDDs is recommended as additional protection against fire in AC final
circuits. Such protection is not offered by circuit-breakers, fuses and RCDs as AFDDs are
designed to detect low level hazardous arcing that circuit breakers, fuses and RCDs are
not designed to detect. AFDDs detect series and parallel arcs which, for instance, can
occur within damaged cables and loose connections.

AFDDs may be provide as :

(a) one single device, comprising an AFD unit and opening means and intended to
be connected in series with a suitable short circuit protective device declared

by the manufacturer complying with one or more of the following standards
BS EN 60898-1, BS EN 61009-1 or BS EN 60269 series.

(b) one single device, comprising an AFD unit integrated in a protective device
complying with one or more of the following standards BS EN 60898-1, BS EN
61008-1, BS EN 61009-1 or BS EN 62423.

(¢) an AFD unit (add-on module) and a declared protective device, intended to
be assembled on site.

AFDDs shall be installed at the origin of the circuit to be protected.
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411.4.2
411.5.1

ESQCR
512665

ESQCR (NI)
2012
Mo. 381

Earthing and

bonding

4.1 Protective earthing

The purpose of protective earthing is to ensure that, in the event of a fault, such as
between a line conductor and an exposed-conductive-part or circuit protective conductor,
sufficient current flows to operate the protective device, i.e. fuse to blow, circuit-breaker
to operate or RCD to operate, in the required time.

Every exposed-conductive-part (a conductive part of equipment that can be touched
and which is not a live part but which may become live under fault conditions) shall
be connected by a protective conductor to the main earthing terminal and, hence, the
means of earthing for the installation.

4.2 Legal requirements

ESQCR requires that a distributor of electricity makes the supply neutral conductor or
protective conductor available for the connection of the consumer's protective conductor
where it can be reasonably concluded that such a connection is appropriate. Such a
connection may be deemed inappropriate where there is a risk of the loss of the PEN
conductor, for example, where bare overhead low voltage distribution cables supply a
rural building. In such cases, an installation earth electrode must be provided and the
installation will then form part of a TT system.

Essentially, permission to connect the consumer's protective conductor to the
distributor's neutral can be denied to new installations but, where permission is granted,
the distributor has a responsibility to maintain the connection.

Note: For some rural installations supplied by a PME arrangement, it may be pertinent to install an

additional earth electrode to mitigate the effects of a PEN conductor becoming open-circuit;
see |IET Guidance Note 5.

4.3 Main protective bonding
(Figures 2.1(i) to 2.1(iii))
The purpose of protective bonding is to reduce the voltages between the various

exposed-conductive-parts and extraneous-conductive-parts of an installation, during a
fault to earth and in the event of a fault on the distributor's network.
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411.3.1.2
Part 2

542.3
543.1

Table
54.8

544.1.1

Table
54.8

Main protective bonding conductors are required to connect extraneous-conductive-
parts to the main earthing terminal of the installation. An extraneous-conductive-part
Is a conductive part, such as a metal pipe, liable to introduce earth potential into the
installation or building. It is common, particularly under certain fault conditions on the
LV supply network, for a potential to exist between true earth, i.e. the conductive mass
of the Earth and the earth of the electrical system. Therefore, buried metallic parts that
enter the building are to be connected to the main earthing terminal of the electrical
installation.

Examples of extraneous-conductive-parts are:

(a) metallic installation pipes

(b) metallic gas installation pipes

(c) other installation pipework, for example, heating oil

(d) exposed structural steelwork of the building where rising from the ground
(e) lightning protection systems (where required by BS EN 62305).

However, metallic pipes entering the building having an insulating section at their point
of entry need not be connected to the main earthing terminal.

Any internal metallic pipework that may have been buried in the ground for convenience,
for example, central heating pipework cast into the concrete or buried in the floor screed
of a floor at ground level, would normally be considered to be extraneous-conductive-
parts and should be connected to the main earthing terminal.

4.4 Earthing conductor and main protective
bonding conductor cross-sectional areas

The minimum cross-sectional areas (csa) required for the earthing conductor and main
protective bonding conductors are given in Table 4.4(i) and (ii). For TT supplies, refer
to Table 4.4(iii).

¥ Table 4.4(i) Earthing conductor and main protective bonding conductor sizes
(copper equivalent) for TN-S suplies

CSA Line Conductor mm? 6 10 16 25 35 50 70
CSA Protective Bonding Conductor 6 6 10 10 10 16 25
¥ Table 4.4(ii) Earthing conductor and main protective bonding conductor sizes
(copper equivalent) for PME (TN-C-S) suplies
CSA Line Conductor mm? 6 10 16 25 35 50 70
CSA Protective Bonding Conductor 10 10 10 10 10 16 25
On-Site Guide
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Table 54.7

542.35.1
Table 54.1

544.1.1

543.2.4

544.1.2

542.3.2

4

Notes:

1  Protective conductors (including earthing and bonding conductors) of 10 mm” cross-sectional area
or less shall be copper.

2 The dastnl}utﬂr may require a minimum size of earthing conductor at the origin of the supply of 16
mm’ copper or greater for TN-S and TN-C-S supplies.

3 Bured Earthmg conductors must be at least:
> 25 rr|m|E copper if not protected agalnSt corrosion
» 50 mm_ steel if not protected against corrosion

2

» 16 mm, copper if not protected against mechanical damage but protected against corrosion
» 16 mm coated steel if not protected against mechanical damage but protected against corrosion.

4 The distributor should be consulted when in doubt.

¥ Table 4.4(iii) Copper earthing conductor cross-sectional area (csa) for TT supplies

Unprotected Protected Protected Unprotected Protected Protected
against against against against
corrosion corrosion corrosion corrosion

and and
mechanical mechanical
damage damage

25 16 25 4 4 2.5

Notes:

1 Assuming protected against corrosion by a sheath.
2 The main protective bonding conductors shall have a cmssisectiunal area of not less than half that
required for the earthing conductor and not less than 6 mm’".

Note that:

(@) only copper conductors should be used; copper covered aluminium
conductors or aluminium conductors or structural steel can only be used if
special precautions outside the scope of this Guide are taken

(b) where practicable, protective bonding connections to the gas, water, oil, etc,
service should be within 600 mm of the service meter, or at the point of entry
to the building if the service meter is external and must be on the consumer's
side before any branch pipework and after any insulating section in the service.
The connection must be made to hard pipework, not to soft or flexible meter
connections

(¢) the connection must be made using clamps (to BS 951) and be suitably
protected against corrosion at the point of contact.

4.5 Main protective bonding of plastic services

There is no requirement to main bond an incoming service where the incoming service
pipe is plastic, for example, where yellow is used for natural gas and blue for potable
water.
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Where there is a plastic incoming service and a metal installation within the premises,
main bonding is recommended unless it has been confirmed that any metallic pipework
within the building is not introducing Earth potential (see 4.3).

a11.3.1.2  Metallic pipes entering the building and having an insulating section;

— of no less than 100 mm in length, and
— within 300 mm of the point of entry
need not be connected to the protective equipotential bonding.

4.6 Supplementary bonding

The purpose of supplementary bonding is to reduce the voltage between the various
exposed-conductive-parts and extraneous-conductive-parts of a location during a fault
to earth.

Note: Where a required disconnection time cannot be achieved, supplementary bonding must

be applied, however, this is outside the scope of this Guide. See Regulation 411.3.2.5 and
Guidance Note 1.

The cross-sectional area required for supplementary bonding conductors is given in
Table 4.6.

V¥ Table 4.6 Supplementary bonding conductors

544.7 Size of Minimum cross-sectional area of supplementary bonding conductor (mm)

CIMCL LN

ek Exposed-conductive-part Exposed-conductive- Extraneous-conductive

protective |
0 extraneous- part to exposed- -part to extraneous-

conductor _

conductive-part conductive-part conductive-part*

ul

mechanically not mechanically not mechanically not
protected mechanically protected mechanically protected mechanically

protected protected protected

4

1.0 1.0 4.0 1.0 4.0 25 4.0

16.0 10.0 10.0 16.0 16.0 2.5 4.0

s44.2.3 * |f one of the extraneous-conductive-parts is connected to an exposed-conductive-
part, the bonding conductor must be no smaller than that required by column 1 or 2.
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701.415.2

542.1.2.3

Table 41.5
Note 2

542.2.6

542.2.3

4

4.7 Additional protection - supplementary
equipotential bonding

Supplementary equipotential bonding is required in some of the locations and
installations falling within the scope of Part 7 of BS 7671.

It the installation meets the requirements of BS 7671:2018 for earthing and bonding,
there is no specific requirement for supplementary equipotential bonding of:

» kitchen pipes, sinks or draining boards

metallic boiler pipework

metallic furniture in kitchens

metallic pipes to wash-hand basins and WCs

locations containing a bath or shower, providing the conditions of Regulation
/701.415.2 are met.

yvyyey

Note: Metallic waste pipes deemed to be extraneous-conductive-parts must be connected by main
protective bonding conductors to the main earthing terminal; see also 4.3.

4.8 Supplementary bonding of plastic pipe
installations

Supplementary bonding is not required to metallic parts supplied by plastic pipes, for
example, radiators, kitchen sinks or bathroom taps.

4.9 Earth electrode

This is connected to the main earthing terminal by the earthing conductor and provides
part of the earth fault loop path for an installation forming part of a TT system; see Figure
2.1(iin).

It is recommended that the earth fault loop impedance for an installation forming part of
a TT system does not exceed 200 Q.

Metallic gas or water utility or other metallic service pipes are not to be used as an earth
electrode, although they must be bonded if they are extraneous-conductive-parts; see
also 4.3.

Note:  Regulation 542.2.6 permits the use of privately owned water supply pipework for use as an
earth electrode where precautions are taken against its removal and it has been considered for
such use. This provision will not apply to an installation within a dwelling.

4.10 Types of earth electrode

The following types of earth electrode are recognised:

(a) earth rods or pipes
(b) earth tapes or wires
(c) earth plates
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(d) underground structural metalwork embedded in foundations or other

metalwork installed in the foundations
(e) welded metal reinforcement of concrete embedded in the ground (excluding

pre-stressed concrete)

542.2.5 (f) lead sheaths and metal coverings of cables, which must meet all the following
conditions:
4225 (i) adequate precautions to prevent excessive deterioration by corrosion

(ii) the sheath or covering shall be in effective contact with Earth

(iii) the consent of the owner of the cable shall be obtained

(iv) arrangements shall 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.

4.11 Typical earthing arrangements for various
types of earthing system

Figures 2.1(1) to 2.1(iii) show single-phase arrangements but three-phase arrangements
are similar.

Table 547 The protective conductor sizes as shown in Figures 2.1(i) to 2.1(iii) refer to copper
rable a8 conductors and are related to the supplier's incoming cable, where 25 mm?* supplier's
544.1.1  ftails are installed.

sa2.3.1 For TT systems protected by an RCD with an earth electrode resistance 1 ohm or greater,
543.1.3  the earthing conductor size need not exceed 2.5 mm’ if protected against corrosion by

a sheath and if also protected against mechanical damage; otherwise, see Table 4.4(iii).

54242 The earthing bar is sometimes used as the main earthing terminal, however, means
must be provided in an accessible position for disconnecting the earthing conductor to
facilitate measurement of external earth fault loop impedance, Z.

Note: For TN-S and TN-C-S installations, advice about the availability of an earthing facility and the
precise arrangements for connection should be obtained from the distributor or supplier.

52 | On-Site Guide
© The Institution of Engineering and Technology



Isolation and

switching

s62 9.1

Isolation

5215201 5.1.1 Requirement
Means of isolation should be provided:

462.3

462.1

(a) at the origin of the installation
A main linked switch or circuit-breaker should be provided as a means of
isolation and of interrupting the supply on load.
For single-phase household and similar installations, the main switch may be
operated by unskilled persons, a double-pole device must be used for both TT
and TN systems.
For a three-phase supply to an installation forming part of a TT system, an
isolator must interrupt the line and neutral conductors. In @ TN-S or TN-C-S
system only the line conductors need be interrupted.

(b) for every circuit
Other than at the origin of the installation, every circuit or group of circuits
that may have to be isolated without interrupting the supply to other circuits
should be provided with its own isolating device. The device must switch all
live conductors in a TT system and all line conductors in a TN system.

(c) for every item of equipment

(d) for every motor
Every fixed electric motor should be provided with a readily accessible and
easily operated device to switch off the motor and all associated equipment
including any automatic circuit-breaker. The device must be so placed as to
prevent danger.

(e) for every supply.

5.1.2 The switchgear

<=7z |he position of the contacts of the isolator must either be externally visible or be clearly,
positively and reliably indicated.

5274 1he device mustbe designed or installed to prevent unintentional or inadvertent closure.

Each device used for isolation must be clearly identified by position or durable marking
to indicate the installation or circuit that it isolates.
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If it is installed remotely from the equipment to be isolated, the device must be capable
of being secured in the OPEN position.

Guidance on the selection of devices for isolation is given in Appendix J.

5.2 Switching off for mechanical maintenance

A means of switching off for mechanical maintenance is required where mechanical
maintenance may involve a risk of injury — for example, from mechanical movement of
machinery or hot items when replacing lamps.

The means of switching off for mechanical maintenance must be able to be made
secure to prevent electrically powered equipment from becoming unintentionally started
during the mechanical maintenance, unless the means of switching off is continuously

under the control of the person performing the maintenance.
Each device for switching off for mechanical maintenance must:

(a) where practicable, be inserted in the main supply circuit

(b) be capable of switching the full load current

() be manually operated

(d) have either an externally visible contact gap or a clearly and reliably indicated
OFF position. An indicator light should not be relied upon

(e) be designed and/or installed so as to prevent inadvertent or unintentional
switching on

(f) be installed and durably marked so as to be readily identifiable and convenient
for use.

A plug and socket-outlet or similar device of rating not exceeding 16 A may be used for
switching off for mechanical maintenance.

5.3 Emergency switching

An emergency switch is to be provided for any part of an installation where it may be
necessary to control the supply in order to remove an unexpected danger.

Where there is a risk of electric shock the emergency switch is to disconnect all live
conductors, except in three-phase TN-S and TN-C-S systems, where the neutral need
not be switched.

The means of emergency switching must act as directly as possible on the appropriate
supply conductors and the arrangement must be such that one single action only will

interrupt the appropriate supply.

A plug and socket-outlet or similar device must not be selected as a device for emergency
switching.

An emergency switch must be:

(a) capable of cutting off the full load current, taking account of stalled motor
currents where appropriate
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(b) hand operated and directly interrupt the main circuit where practicable

(c) clearly identified, preferably by colour. If a colour is used, this should be red
with a contrasting background

(d) readily accessible at the place where danger might occur and, where appropriate,
at any additional remote position from which that danger can be removed

(e) of the latching type or capable of being restrained in the 'OFF' or 'STOP'
position, unless both the means of operation and re-energizing are under the
control of the same person. The release of an emergency switching device
must not re-energize the relevant part of the installation; it must be necessary
to take a further action, such as pushing a 'start' button

(f) so placed and durably marked so as to be readily identifiable and convenient
for its intended use.

5.4 Functional switching

A switch must be installed in each part of a circuit which may require to be controlled
independently of other parts of the installation.

Switches must not be installed in the neutral conductor alone.
All current-using equipment requiring control shall be controlled by a switch.

Off-load isolators, fuses and links must not be used for functional switching.

Note: Table 537.4 of BS 7671:2018 permits the use of circuit-breakers for functional switching

purposes but, in each case, the manufacturer should be consulted to establish suitability.

5.5 Firefighter's switch

A firefighter's switch must be provided to disconnect the supply to any exterior electrical
installation operating at a voltage exceeding low voltage, for example, a neon sign or any
interior discharge lighting installation operating at a voltage exceeding low voltage.

Note:  Such installations are outside the scope of this Guide; see Regulations 537.4.2 to 537.4.4 of BS

7671:2018.
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416.2.5
462.4

514.1.1

514.10.1

Labelling

The following durable labels are to be securely fixed on or adjacent to installed equipment.

6.1 Retention of a dangerous electrical charge

If, behind a barrier or within an enclosure, an item of equipment such as a capacitor is
installed which may retain a dangerous electrical charge after it has been switched off,
a warning label must be provided. Small capacitors such as those used for arc extinction
and for delaying the response of relays, etc,, are not considered dangerous.

Note: Unintentional contact is not considered dangerous if the voltage resulting from static charge
falls below 120 V DC in less than 5 s after disconnection from the power supply.

6.2 Where the operator cannot observe the
operation of switchgear and controlgear

Except where there is no possibility of confusion, a label or other suitable means of
identification must be provided to indicate the purpose of each item of switchgear
and controlgear. Where the operator cannot observe the operation of switchgear and
controlgear and where this might lead to danger, a suitable indicator complying, where
applicable, with BS EN 60073 and BS EN 60447, should be fixed in a position visible to
the operator.

6.3 Unexpected presence of nominal voltage
exceeding 230 V

Where a nominal voltage exceeding 230 V to earth exists and it would not normally be
expected, a warning label stating the maximum voltage present must be provided where
it can be seen before gaining access to live parts.

Note that a TN/TT, i.e. earthed neutral, three-phase system with 400 V between line
conductors will have nominal voltage of 230 V to earth, therefore, a warning notice will
not be required for such systems.
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514.13.1

514.1.1

514.8.1

237.2.7

514.11.1

6.4 Earthing and bonding connections

A permanent label to BS 951 (Figure 6.4) must be permanently fixed in a visible position
at or near the point of connection of:

(a) every earthing conductor to an earth electrode,
(b) every protective bonding conductor to extraneous-conductive-parts, and
(c) at the main earth terminal, where it is not part of the main switchgear.

¥ Figure 6.4 Label at connection of earthing and bonding conductors

SAFETY ELECTRICAI

L CONNECTION

DO NOT REMOVE

6.5 Purpose of switchgear and controlgear

Unless there is no possibility of confusion, a label indicating the purpose of each item of
switchgear and controlgear must be fixed on or adjacent to the gear. It may be necessary
to label the item controlled, in addition to its controlgear.

6.6 Identification of protective devices

A protective device, for example, a fuse or circuit-breaker, must be arranged and identified
so that the circuit protected may be easily recognised.

6.7 Identification of isolators

Where it is not immediately apparent, all isolating devices must be clearly identified
by position or durable marking. The location of each disconnector or isolator must be
indicated unless there is no possibility of confusion.

6.8 Isolation requiring more than one device

A durable warning notice must be permanently fixed in a clearly visible position to
identify the appropriate isolating devices, where equipment or an enclosure contains live
parts which cannot be isolated by a single device.
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6.9 Periodic inspection and testing

A notice of durable material indelibly marked with the words as Figure 6.9 must be fixed

514.12.1
In @ prominent position at or near the origin of every installation. The person carrying
out the initial verification must complete the notice and it must be updated after each
periodic inspection.

V¥ Figure 6.9 Label for periodic inspection and testing
This installation should be periodically inspected and tested and
a report on its condition obtained, as prescribed in the IET Wiring
Regulations BS 7671 Requirements for Electrical Installations.
Date of last inspection ...
Recommended date of next inspection ...,
6.10 Diagrams
<1291 A diagram, chart or schedule must be provided indicating:

(a) the number of points, size and type of cables for each circuit,

(b) the method of providing protection against electric shock,

(c) information to identify devices for protection, isolation and switching, and

(d) any circuit or equipment vulnerable during a typical test, e.g. SELV power supply
units of lighting circuits which could be damaged by an insulation test.

For simple installations, the foregoing information may be given in a schedule, with a
durable copy provided within or adjacent to the distribution board or consumer unit.
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6.11 Residual current devices

-1212 > Where an installation incorporates an RCD, a notice with the words in Figure 6.11 (and

| ..
— o N .

no smaller than the example shown in BS 7671:2018) must be fixed in a permanent
position at or near the origin of the installation.

V¥ Figure 6.11 Label for the testing of a residual current device

This installation, or part of it, is protected by a device
which automatically switches off the power supply if an
earth fault develops. Test six-monthly by pressing the

button marked ‘T’ or “Test’. The device should switch

off the supply and should be then switched on to
restore the supply. If the device does not switch off the
supply when the button is pressed seek expert advice.

6.12 Warning notice - non-standard colours

If additions or alterations are made to an installation so that some of the wiring complies
with the harmonized colours of Table K1 in Appendix K and there is also wiring in the
earlier colours, a warning notice must be affixed at or near the appropriate distribution

board with the wording in Figure 6.12.

514.14.]

V¥ Figure 6.12 Label advising of wiring colours to two versions of BS 7671

CAUTION

This installation has wiring colours to
two versions of BS 7671.
Great care should be taken before
undertaking extension, alteration or repair
that all conductors are correctly identified.
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6.13 Warning notice - alternative supplies

Where an installation includes additional or alternative supplies, such as a PV installation,
which is used as an additional source of supply in parallel with another source, normally
the distributor's supply, warning notices must be affixed at the following locations in the
installation:

(a) at the origin of the installation

(b) at the meter position, if remote from the origin

(¢) atthe consumer unit or distribution board to which the additional or alternative
supply is connected

(d) at all points of isolation of all sources of supply.

The warning notice must have the wording in Figure 6.13.

V¥ Figure 6.13 Label advising of multiple supplies

WARNING

MULTIPLE SUPPLIES

ISOLATE ALL ELECTRICAL SUPPLIES
BEFORE CARRYING OUT WORK

ISOLATE MAINS AT
ISOLATE ALTERNATIVE SUPPLIES AT

6.14 Warning notice - high protective conductor
current

At the distribution board, information must be provided indicating those circuits having
a high protective conductor current. This information must be positioned so as to be
visible to a person who is modifying or extending the circuit (Figure 6.14).
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V¥ Figure 6.14 Label advising of high protective conductor current

WARNING

HIGH PROTECTIVE CONDUCTOR
CURRENT

The following circuits have a high protective
conductor current:

6.15 Warning notice - photovoltaic systems

All junction boxes (PV generator and PV array boxes) must carry a warning label
indicating that parts inside the boxes may still be live after isolation from the PV convertor
(Figure 6.15).

¥ Figure 6.15 Label advising of live parts within enclosures in a PV system

WARNING

PV SYSTEM

Parts inside this box or enclosure may still
be live after isolation from the supply.
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411.3.2
411.3.3
525.202

Table 4B1

Appx 3

Appx 4

Table 41.1

7.1 Final circuits

Table 7.1(i) has been designed to enable a radial or ring final circuit to be installed
without calculation where the nominal voltage of the supply is at 230 V single-phase or
400 V three-phase. For other nominal voltages, the maximum circuit length given in the
table must be corrected by the application of the formula:

=2 0 05

where:

L, is the permitted length for voltage Uo

Lt is the tabulated length for 230 V
Up is the nominal voltage of the supply.
The conditions assumed are that:

(a) the installation forms part of:
(i) a TN-CGS system with a typical maximum external earth fault loop
impedance, Z,, of 0.35 Q, or
(ii) a TN-S system with a typical maximum external earth fault loop impedance,
Z.0f 0.8 Q, or
(iii) a TT system with RCDs installed as described in 3.6
(b) the final circuit is connected to a distribution board or consumer unit at the
origin of the installation
(c) the installation method is listed in column 4 of Table 7.1(i)
(d) the ambient temperature throughout the length of the circuit does not exceed
S0
(e) the characteristics of protective devices are in accordance with Appendix 3 of
BS 7671
(f) the cable conductors are of copper
(g) for other than lighting circuits, the voltage drop must not exceed 5 per cent
(h) the following disconnection times are applicable:
» 0.4 s for circuits up to and including 63 A
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(i) Chin is the minimum voltage factor to take account of voltage variations
depending on time and place

» changing of transformer taps and other considerations

Note: For a low voltage supply given in accordance with the Electricity Safety, Quality and
Continuity Regulations 2002, as amended, Cip is given the value 0.95.

The following maximum loads are assumed per circuit:

Protective device Rating (A) Circuit type Load (A)

BS 60898, BS 61009, BS 88-3, BS 88-2 32 Ring final circuit 26

BS 60898, BS 61009, BS 88-3, BS 88-2 6 Lighting 5

BS 60898, BS 61009, BS 88-3, BS 88-2 16 Lighting 12.8
BS 60898, BS 61009, BS 88-2 6 Radial 5
BS 3036 15 Radial 14.6
BS 60898, BS 61009, BS 3036, BS 88-2, 20 Radial 16
BS 88-3

BS 3036 30 Radial 26

BS 60898, BS 61009, BS 88-2 40 Radial .
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¥ Table 7.1(i) Maximum cable length for a 230 V final circuit using 70 °C thermoplastic (PVC) insulated and sheathed flat cable

Protective device Cable size Allowed installation Maximum length (m) (note 1)

. mm?2 methods (note 2
Rating (A) Type ( , ( ) Lo < 0.8 QQTN-5 Lo < 0.35 QO TN-C-5

RCD 30 No RCD RCD 30 No RCD

] P
Ring final circuits (5 % voltage drop, load distributed)

BS 3036 4.0/15 } 100,102, A, 101, 103, C 171 48 171 13825

32 BS 88-2 (BS EN 60269-2) 2.5/1.5 100,102, A, C 106vd 3275 106vd 106vd

32 BS 88-3 25/1.5 100,102, A, C 106vd 19ad 106 95zs

cb/RCBO Type B | | 171vd 14zs 171vd 171vd
32 cb/RCBO Type C 4.0/1.5 ¢ 100,101,102, 103, A, C 171vd NPzs 171vd 6615
cb/RCBO Type D : 171vd NPzs 171vd NPzs

L]
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V¥V Table 7.1(i) continued

Protective device Cable size Allowed installation Maximum length (m) (note 1)

2
Rating (A) Type () Hethads (noie Z. < 0.8 QTN-S Zo < 0.35 Q TN-C-S

RCD 30 No RCD RCD 30 No RCD
mA mA

1 2 5 7
Lighting circuits (3 % voltage drop, load distributed)

5 BS 3036 1.0/1.0 } 100,101,102,103, A, C 68 68 68 68

5 BS 88-3 1.0/1.0 100,101,102,103, A, C 68 68 68 68

cb/RCBO Type B 68 68 68 68
6 cb/RCBO Type C 1.0/1.0 100,101,102,103, A, C 68 6515 68 68
68 2325 68 341s

cb/RCBO Type D

cb/RCBO Type B

106 106 106 106

6 cb/RCBO Type C 1.5/1.0 } 100,101,102,103, A, C 106 181s 106 91zs
cb/RCBO Type D 106 2815 106 412s

cb/RCBO Type B ' 42vd 42vd 42vd 42vd

10 cb/RCBO Type C 1.0/1.0 } 100, 101, 102, A, C 42vd 3215 42vd 42vd
cb/RCBO Type D 42vd 2325 42vd 341s

|L
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¥ Table 7.1(i) continued

Protective device Cable size Allowed installation Maximum length (m) (note 1)

, E th te 2
Rating (A) Type RS eitadRiivie 2) Zo < 0.8 QTN-S Zo < 0.35 QTN-C-S

RCD 30 No RCD RCD 30 No RCD
mA mA

5 7

10 BS 88-2 (BS EN 60269-2) 1.0/1.0 100, 101, 102, A, C 42 42 42 42

cb/RCBO Type B | 1 | 34 34 34 34
16 cb/RCBO Type C 1.5/1.0 | 100, 102, C 34 15s¢ 34 2815
- 34 NPad 34 925

¢b/RCBO Type D

16 BS 88-2 (BS EN 60269-2) 1.5/1.0 100, 102, C 20 20 20 20

—_—
(o)

BS 88-3 1.5/1.0 100, 102, C 34 34 34 34

Radial final circuits (5 % voltage drop, terminal load)
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V¥V Table 7.1(i) continued

Protective device Cable size Allowed installation Maximum length (m) (note 1)

) 2 th te 2
Rating (A) Type (mm?) methods (note 2) Z. < 0.8 QTN-S Zo < 0.35 Q TN-C-S

RCD 30 No RCD RCD 30 No RCD
mA mA

4 5 /
5 BS 88-3 1.0/1.0 100, 101, 102, 103, A, C 56 56 56 56

5 BS 88-3 1.5/1.0 100, 101, 102, 103, A, C 88 88 88 88

6 BS 88-2 (BS EN 60269-2) 1.0/1.0 100, 101, 102, 103, A, C 56 56 56 56

cb/RCBO Type B

88 88 88 88
6 ¢b/RCBO Type C 1.5/1.0 100, 101, 102, 103, A, C 88 78zs 88 88
88 2B1s 88 40zs

cb/RCBO Type D

cb/RCBO Type B

10 cb/RCBO Type C 1.5/1.0 100, 101, 102, 103, A, C 52 381s 52 5025
. 10ad 8zs 52 202s

cb/RCBO Type D

10 BS 88-2 (BS EN 60269-2) 1.5/1.0 100, 101, 102, 103, A, C 52 52 52 52

|L
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¥V Table 7.1(i) continued

Protective device Cable size Allowed installation Maximum length (m) (note 1)

: ‘mm? methods (note 2
Rating (A) Type L ) ( ) Zo < 0.8 QTN-S Ze < 0.35 Q TN-C-S

RCD 30 No RCD RCD 30 No RCD
mA mA

5

15 BS 3036 1.5/1.0 NP NP NP NP NP

15 BS 3036 4.0/1.5 100, 101, 102, A, C 76 76 76 76

16 BS 88-2 (BS EN 60269-2) 1.5/1.0 100, 102, C 27 27 27 27

16 BS 88-2 (BS EN 60269-2) 4.0/1.5 "I'Dﬂ,_ 101, 102, 103, A, C 74 74 74 74

16 BS 88-3 2.5/15 100, 101, 102, A, C 45 45 45 45

cb/RCBO Type B - 27 27 27 27
16 cb/RCBO Type C 1.5/1.0 100, 102, C 27 1525 27 27
cb/RCBO Type D - 27 NPad 27 9zs
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V' Table 7.1(i) continued

Protective device Cable size Allowed installation Maximum length (m) (note 1)

) 2 th te 2
Rating (A) Type (mm?) methods (note 2) Z. < 0.8 QTN-S Zo < 0.35 Q TN-C-S

RCD 30 No RCD RCD 30 No RCD
mA mA

5 7

cb/RCBO Type B

| | 69 32ad 69 69
16 ¢b/RCBO Type C 4.0/15 }IDD, 101, 102, 103, A, C 32ad 1625 54ad 3625
cb/RCBO Type D NPad NPad 18ad 9zs

BS 3036 | ¢ 69 4375 73 66175

- cb/RCBO Type B 4.0/1.5 | _. 69 69 69 69

20 H/RCBOTpeC 100, 101, 102, A, C & e & o
69 9zs

cb/RCBO Type D ' 69 NPad

20 BS 88-2 (BS EN 60269-2) 2.5/15 100, 102, A, C 42 42 42 42

20 BS 88-2 (BS EN 60269-2) 6.0/2.5 100, 101, 102, 103, A, C 105 69zs 105 105

|L



¥ Table 7.1(i) continued

Protective device Cable size Allowed installation Maximum length (m) (note 1)

; 2 th te 2
Rating (A) Type Ll Methos (1ote 2) Z, < 0.8 QTN-S Zo < 0.35 Q TN-C-S

RCD 30 No RCD RCD 30 No RCD
mA mA

4 2 7
20 BS 88-3 4.0/1.5 100, 101, 102, A, C 69 561s 69 69

25 cb/RCBO Type B | 33 33 33 53
cb/RCBO Type C 2.5/1.5 C 33 275 33 2215
cb/RCBO Type D 33 NPad 33 415

cb/RCBO Type B 83 75125 83 83
25 cb/RCBO Type C 6.0/2.5 100, 101, 102, A, C 83 525 83 4325
83 NPzs 83 71s

cb/RCBO Type D

25 BS 88-2 (BS EN 60269-2) 4.0/1.5 100, 102, A, C 53 24zs 53 46125

30 BS 3036 4.0/1.5 NP NP NP NP

A3ojouypa] pue SuuRsuidug Jo uonnusy| 3y 3@
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30 BS 3036 10.0/4.0 100, 102, A, C 110 31zs 10 891zs

L]
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V¥V Table 7.1(i) continued

Protective device Cable size Allowed installation Maximum length (m) (note 1)

) 2 th te 2
Rating (A) Type (mm?) methods (note 2) Z. < 0.8 QTN-S Zo < 0.35 Q TN-C-S

RCD 30 No RCD RCD 30 No RCD
mA mA

5 7

cb/RCBO Type B D 63 45zs 63 63
32 cb/RCBO Type C 6.0/2.5 } 100,102, A, 63 NPzs 63 2615
cb/RCBO Type D c 63 NPzs 63 NPzs

32 BS 88-2 (BS EN 60269-2) 4.’D{ 1.5 & 43 91s 43 31

32 BS 88-2 (BS EN 60269-2) 10/4.0 100, 101, 102, 103, A, C 105 24zs 105 82175

32 BS 88-3 6.0/2.5 100, 102, A, C 63 875 63 4475

cb/RCBO Type B 46 2315 46 46
40 cb/RCBO Type C 6.0/2.5 G 46 NPzs 46 1525
cb/RCBO Type D 46 NPzs 46 NPzs

|L
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¥ Table 7.1(i) continued

Protective device Cable size Allowed installation
(mm?2) methods (note 2)

Rating (A) Type

P 3 4
40 cb/RCBO Type B
cb/RCBO Type C 16.0/6.0 100, 101, 102, 103, A, C

cb/RCBO Type D

40 BS 88-2 (BS EN 60269-2) 10.0/4.0 100, 102, A, C

Notes to Table 7.1(i):

1 Voltage drop is the limiting constraint on the circuit cable length unless marked as follows:
» ad Limited by reduced csa of protective conductor (adiabatic limit)
» ol Cable/device/load combination not allowed in any of the installation conditions
» zs Limited by earth fault loop impedance Z¢
» scLimited by line to neutral loop impedance (short-circuit).

2 The allowed installation methods are listed, see Tables 7.1(ii) and 7.1(iii) for further description.

3 NP - Not Permitted, prohibiting factor as note 1.

4 For application of RCDs and RCBOs, see 3.6.3.

Lo = 0.8 QQTN-5

mA

5

18
118

Maximum length (m) (note 1)

RCD 30 No RCD RCD 30
mA
7
571s 118
MNPzs 118
NPzs 118

18

NPzs 72

Zao < 0.35Q TN-C-S

No RCD

118

39zs
NPad

5215

L]
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¥ Table 7.1(ii) Installation reference methods and cable ratings for 70 °C

thermoplastic (PVC) insulated and sheathed flat cable with protective
conductor

Installation reference method Conductor cross-sectional area (mm?2)

Description . 1.5 25 4 6 10

A A A A A A
C Clipped direct 16 20 27 37 47 64 85

102 In a stud wall with thermal 13 16 21 27 35 47 63
insulation with cable touching the
wall

A Endosed in conduit in an 115 145 20 26 32 44 57

103 Surrounded by thermal insulation 8 10 135 175 235 32 425
incduding in a stud wall with
thermal insulation with cable not
touching a wall

Notes:

(a) Cable ratings taken from Table 4D5 of BS 7671.
(b) B* taken from Table 4D2A of BS 7671, see Appendix F.
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¥ Table 7.1(iii) Installation methods specifically for flat twin and earth cables in
thermal insulation

Installation Method Reference
Method to
be used to
determine

current-carrying

capacity

100 Installation methods for flat twin Table 4D5
and earth cable clipped direct

to a wooden joist, or touching

the plasterboard ceiling surface,

above a plasterboard ceiling with

thermal insulation not exceeding

100 mm in thickness having a

minimum U value of 0.1 W/m

Number Examples Description

102 Installation methods for flat twin  Table 4D5
and earth cable in a stud wall

with thermal insulation with a
minimum U value of 0.1 W/m’K

with the cable touching the inner

wall surface, or touching the
plasterboard ceiling surface, and

the inner skin having a minimum

U value of 10 W/m’K

Notes:

(a) Wherever practicable, a cable should be fixed in a position such that it will not be covered with
thermal insulation.

(b) Regulation 523.9, for further information, see BS 5803-5:1985 Appendix C 'Avoidance of overheating

of electric cables', Building Regulations Approved Document B and Thermal Insulation: avoiding risks,
BR 262, BRE 2001 refer.
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7.2 Standard final circuits

7.2.1 Grouping of circuit cables

The tables assume heating (including water heating) cables are not grouped.

For cables of household or similar installations (heating and water heating excepted), if
the following rules are followed, derating for grouping is not necessary:

(a) Cables are not grouped, that is, they are separated by at least two cable
diameters when installed under thermal insulation, namely installation methods
100, 101, 102 and 103.

(b) Cables clipped direct (including in cement or plaster) are clipped side by side
in one layer and separated by at least one cable diameter.

(c) Cables above ceilings are clipped to joists as per installation methods 100 to
103 of Table 4A2 of BS 7671.

For other groupings, ambient temperatures higher than 30 °C or enclosure in thermal
insulation, cable csa will need to be increased as per Appendix F of this Guide.

7.2.2 Socket-outlet circuits

The length represents the total ring cable loop length and does not include any spurs.

As a rule of thumb for rings, unfused spur lengths should not exceed '/ the cable length
from the spur to the furthest point of the ring.

The total number of fused spurs is unlimited but the number of non-fused spurs is not to
exceed the total number of socket-outlets and items of stationary equipment connected
directly in the circuit.

A non-fused spur feeds only one single or twin socket-outlet or one permanently
connected item of electrical equipment. Such a spur is connected to a circuit at the
terminals of socket-outlets or at junction boxes or at the origin of the circuit in the
distribution board.

A fused spur is connected to the circuit through a fused connection unit, the rating of
the fuse in the unit not exceeding that of the cable forming the spur and, in any event,
not exceeding 13 A. The number of socket-outlets which may be supplied by a fused
spur is unlimited.

The circuit is assumed to have a load of 20 A at the furthest point and the balance to
the rating of the protective device evenly distributed. (For a 32 A device this equates to
a load of 26 A at the furthest point.)

7.2.3 Lighting circuits
A maximum voltage drop of 3 per cent of the 230 V nominal supply voltage has been
allowed in the circuits; see Appendix F.

The circuit is assumed to have a load equal to the rated current (l,) of the circuit
protective device, evenly distributed along the circuit. Where this is not the case, circuit
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lengths will need to be reduced where voltage drop is the limiting factor, or halved
where load is all at the extremity.

The most onerous installation condition acceptable for the load and device rating is
presumed when calculating the limiting voltage drop. If the installation conditions are
not the most onerous allowed (see column 4 of Table 7.1(i)) the voltage drop will not
be as great as presumed in the table.

7.2.4 RCDs

Where circuits have residual current protection, the limiting factor is often the maximum
loop impedance that will result in operation of the overcurrent device within 5 seconds
for a short-circuit (line to neutral) fault. (See note 1 to Table 7.1(i) and limiting factor
SC.)

7.2.5 Requirement for RCDs
RCDs are required:
411.5 (@) where the earth fault loop impedance is too high to provide the required

disconnection, for example, where the distributor does not provide a
connection to the means of earthing — TT earthing arrangement

411.3.3(i) (b) for socket-outlets with a rated current not exceeding 32 A
411.3.4 (c) for lighting circuits in domestic (household) premises

701.411.3.3 (d) for all circuits of locations containing a bath or shower or passing through
zones 1 and/or 2 not serving the location

411.3.3(ii) (e) for arcuits supplying mobile equipment not exceeding 32 A for use outdoors

522.6.202 (f) for cables without earthed metallic covering installed in walls or partitions at
a depth of less than 50 mm and not protected by earthed steel conduit or
similar

522.6.203 (g) for cables without earthed metallic covering installed in walls or partitions

with metal parts (not including screws or nails) and not protected by earthed
steel conduit or the like.

Note:  Metallic capping does not meet the requirements for mechanical protection as required
by 522.6.204. Metallic capping is used to protect the cables during the installation
process and, once plastered over, does not provide any further protection. Similarly,
metallic capping would not meet the requirements for 522.6.204, (ii) or (iii) and would
not satisfy the requirements of BS 7671 for a protective conductor.

A single layer of steel with a minimum thickness of 3 mm is generally considered to
provide sufficient mechanical protection against penetration by nails, screws and the

like in accordance with Regulation 522.6.204(iv), except where shot-fired nails are
likely to be used.

Omission of RCD protection

411.3.3 (a) in non-domestic premises, RCD additional protection for socket-outlets with
a rated current not exceeding 32 A can be omitted where a documented risk
assessment determines that such protection is not necessary (i.e. the risk to
users is sufficiently low). This dispensation does not apply for an installation
in a dwelling.
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411.5.2

434.5.1

78

Cables installed on the surface do not specifically require RCD protection, however, RCD
protection may be required for other reasons, such as, where the installation forms part
of a TT system and the earth fault loop impedance values for the overcurrent protective
device cannot be met.
71.2.6 TT systems
For TT systems the figures for TN-C-S systems, with RCDs, may be used provided that:
(a) the circuit is protected by an RCD to BS 4293, BS EN 61008, BS EN 61009
or BS EN 62423 with a rated residual operating current not exceeding that
required for its circuit position,
(b) the total earth fault loop impedance is verified as being less than 200 Q , and
(c) a device giving both overload and short-circuit protection is installed in the
circuit. This may be an RCBO or a combination of a fuse or circuit-breaker with
an RCCB.
7.2.7 Choice of protective device
The selection of protective device depends upon:
(1) prospective fault current
(ii) circuit load characteristics
(iii) cable current-carrying capacity
(iv) disconnection time limit.
Whilst these factors have generally been allowed for in the standard final circuits in
Table 7.1(i), the following additional guidance is given:
i  Prospective fault current
If a protective device is to operate safely, its rated short-circuit capacity must be not less
than the prospective fault current at the point where it is installed. See Table 7.2.7(i).
The distributor needs to be consulted as to the prospective fault current at the origin of
the installation. Except for London and some other major city centres, the maximum fault
current for 230 V single-phase supplies up to 100 A will not exceed 16 kA. In general,
the fault current is unlikely to exceed 16.5 kA.
On-Site Guide
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¥ Table 7.2.7(i) Rated short-circuit capacities

Device type Device designation Rated short-circuit
capacity (kA)

Semi-enclosed fuse to BS 3036 with

. S1A
category of duty S2A
S4A

General purpose fuse to BS 88-2 50 at 415V

(BS EN 60269-2)

General purpose fuse to BS 88-6 16.5 at 240 V

80 at 415V

ln les
RCBOs to BS EN 61009 15 (1.5)
3.0 (3.0)
6 (6.0)
10 (7.5)
15 (7.5)
20 (10.0)
25 (12.5)

* Two short-circuit capacities are defined in BS EN 60898 and BS EN 61009:

» |, the rated short-circuit capacity (marked on the device).
» | the service short-circuit capacity.

The difference between the two is the condition of the circuit-breaker after manufacturer's
testing.

» |, is the maximum fault current the breaker can interrupt safely, although the
breaker may no longer be usable.

» | is the maximum fault current the breaker can interrupt safely without loss
of performance.

The I, value (in amperes) is normally marked on the device in a rectangle, for example,
6000]JA and for the majority of applications the prospective fault current at the terminals
of the circuit-breaker should not exceed this value.

For domestic installations the prospective fault current is unlikely to exceed 6 kA, up to
which value the I, will equal les.
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The short-circuit capacity of devices to BS EN 60947-2 is as specified by the manufacturer.

ii  Circuit load characteristics

533.1.2.3 (a) Semi-enclosed fuses. Fuses should preferably be of the cartridge type. However,

semi-enclosed fuses to BS 3036 are still permitted for use in domestic and
similar premises if fitted with a fuse element which, in the absence of more
specific advice from the manufacturer, meets the requirements of Table 53.1.

(b) Cartridge fuses to BS 1361 (now withdrawn, replaced by BS HD 60269-
3:2010/BS 88-3:2010). These are for use in domestic and similar premises.

(c) Cartridge fuses to BS 88 series. Three types are specified:
gG fuse links with a full-range breaking capacity for general application
gM fuse links with a full-range breaking capacity for the protection of motor circuits
aM fuse links for the protection of motor circuits.

(d) Circuit-breakers to BS EN 60898 (or BS 3871-1) and RCBOs to BS EN 610089.
Guidance on selection is given in Table 7.2.7(ii).

V¥ Table 7.2.7(ii) Application of circuit-breakers

Circuit-breaker  Trip current Application

type
1 27t0 41, Domestic and commercial installations having little or no
B 3to51, switching surge

10to 50 I, Not suitable for general use

4
D 10to 20 Iy Suitable for transformers, X-ray machines, industrial welding
equipment, etc., where high inrush currents may occur
Note: |, is the nominal rating of the circuit-breaker.

iii  Cable current-carrying capacities
For guidance on the coordination of device and cable ratings see Appendix F.

iv Disconnection times
411.3.2.2

411.3.2.3 The protective device must operate within the required disconnection time as appropriate
411.3.2.4 for the circuit. Appendix B provides maximum permissible measured earth fault loop
e impedances for fuses, circuit-breakers and RCBOs.
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7.3 Installation considerations

7.3.1 Floors and ceilings

522.6.201  Where a low voltage cable is installed under a floor or above a ceiling it must be run in
such a position that it is not liable to be damaged by contact with the floor or ceiling or
the fixings thereof. A cable passing through a joist, under floorboards or ceiling support

must:
522.6.201 (a) be at least 50 mm from the top or bottom, as appropriate, or
522-5-2?3 (b) have earthed armouring or an earthed metal sheath, or
522.6.204 (c) be enclosed in earthed steel conduit or trunking, or
52?2”;;"2 (d) be provided with mechanical protection sufficient to prevent penetration
i) of the cable by nails, screws and the like (Note: the requirement to prevent
penetration is difficult to meet), or
414 (e) form part of a SELV or PELV circuit.
522.6.204

(v) See Figure 7.3.1.
V¥ Figure 7.3.1 Cables through joists

Maximum depth  Maximum diameter
of notch should be  of hole should be
0.125 x joist depth  0.25 x joist depth

Notches on top

in a zone between
0.07 and 0.25 x span

Holes on centre line
in a zone between

Span

Notes:

(a) Maximum diameter of hole should be 0.25 x joist depth.
(b) Holes on centre line in a zone between 0.25 and 0.4 x span.
(c) Maximum depth of notch should be 0.125 x joist depth.

(d) Notches on top in a zone between 0.07 and 0.25 x span.
(e) Holes in the same joist should be at least 3 diameters apart.
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7.3.2 Walls and partitions

5226202 A cable installed in a wall or partition must:

5226202 (a) buried at least 50 mm from the surface, or
(b) be protected by a 30 mA RCD and installed in a zone either horizontally within
150 mm of the top of the wall or partition or vertically within 150 mm of the
angle formed by two walls, or run horizontally or vertically to an accessory or
consumer unit (see Figure 7.3.2). Where the wall is 100 mm thick or less and
the location of the accessory or consumer unit can be determined from the
reverse side, the zoning arrangement is projected through the wall

522.6.204 (c) have earthed armouring or an earthed metal sheath, or
512_5_2&2 (d) be enclosed in earthed steel conduit or trunking, or
5%"2) ¢ 2([;2 (e) be provided with mechanical protection sufficient to prevent penetration
() of the cable by nails, screws and the like (Note: the requirement to prevent
penetration is difficult to meet), or
214 (f) form part of a SELV or PELV circuit.

5226202 Cables installed in walls or partitions with a metal or part metal construction must:

522.6.203
522.6.203 (i) be protected by a 30 mA RCD and, if they are at a buried depth of less than

5226.202 50 mm, be installed as (b), or
(ii) be installed as (©), (d), (e) or (f).

V¥ Figure 7.3.2 Zones prescribed in Regulation 522.6.202(i) (see b above)

82 | On-Site Guide
© The Institution of Engineering and Technology



7

22 7.4 Proximity to electrical and other services

228.35

228,

"

I

F‘:J}TT Z

Electrical and all other services must be protected from any harmful mutual effects

foreseen as likely under conditions of normal service. For example, cables should not be
in contact with or run alongside hot pipes.

7.4.1 Segregation of Band | and Band Il circuits

Band | (extra-low voltage) circuits must not be contained within the same wiring system
(for example, trunking) as Band Il (low voltage) circuits unless:

(a) every cable is insulated for the highest voltage present, or

(b) each conductor of a multicore cable is insulated for the highest voltage present, or

(c) the cables are installed in separate compartments, or

(d) the cables fixed to a cable tray are separated by a partition, or

(e) for a multicore cable, they are separated by an earthed metal screen of equivalent
current-carrying capacity to that of the largest Band Il circuit.

Definitions of voltage bands

» Band | circuit: Circuit that is nominally extra-low voltage, i.e. not exceeding
50 V AC or 120 V DC For example, SELV, PELV, telecommunications, data and
signalling

» Band Il arcuit: Circuit that is nominally low voltage, i.e. 51 to 1000 V AC and
121 to 1500 V DC.

Note: Fire alarm and emergency lighting circuits must be separated from other cables and from
each other, in compliance with BS 5839 and BS 5266 respectively.

7.4.2 Proximity to communications cables

An adequate separation between telecommunication wiring (Band 1) and electric
power and lighting (Band IlI) circuits must be maintained. This is to prevent mains
voltage appearing in telecommunication circuits with consequent danger to personnel.
BS 6701:2004 recommends that the minimum separation distances given in Tables
7.4.2(1) and 7.4.2(ii) should be maintained.

V¥ Table 7.4.2(i) External cables

Minimum separation distances between external low voltage electricity supply
cables operating in excess of 50 VAC or 120 V DC to earth, but not exceeding 600 V
AC or 900 V DC to earth (Band II), and telecommunications cables (Band 1).

Voltage to earth Normal separation Exceptions to normal separation
distances distances, plus conditions to exception
Exceeding 50 V AC 50 mm Below this figure a non-conducting divider
or 120 V DC, but not should be inserted between the cables
exceeding 600 V AC or
900V DC
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528.3

4

¥ Table 7.4.2(ji) Internal cables

Minimum separation distances between internal low voltage electricity supply
cables operating in excess of 50 V AC or 120 V DC to earth, but not exceeding 600 V
AC or 900 V DC to earth (Band Il), and telecommunications cables (Band I).

Voltage to earth Normal separation Exceptions to normal separation
distances distances, plus conditions to exception
Exceeding 50 V AC 50 mm 50 mm separation need not be maintained,
or 120 V DC, but not provided that
exceeding 600 V AC or (i) the LV cables are enclosed
900V DC

in separate conduit which, if
metallic, is earthed in accordance
with BS 7671, OR

(i) the LV cables are enclosed in
separate trunking which, if
metallic, is earthed in accordance
with BS 7671, OR

(iii) the LV cable is of the mineral
insulated type or is of earthed
armoured construction.

(@) Where the LV cables share the same tray then the normal separation should be met.
(b) Where LV and telecommunications cables are obliged to cross, additional insulation should be

provided at the crossing point; this is not necessary if either cable is armoured.

7.4.3 Separation of gas installation pipework

Gas installation pipes must be spaced:

(a) at least 150 mm away from electricity supply equipment, such as metering
equipment, main service cut-outs or supplier (main) isolation switches and
distribution boards or consumer units;

(b) at least 25 mm away from electrical switches, sockets and electricity supply
and distribution cables. The installation pipework shall not be positioned in a
manner that prevents the operation of any electrical accessory, i.e. a switch or
socket outlet.

See also 2.3 and Figure 2.3.
The cited distances are quoted within BS 6891:2015. Specification for the installation

Note  and maintenance of low pressure gas installation pipework of up to 35 mm (R1V4) on

premises, clause 8.4.2.

7.4.4 Induction loops

A particular form of harmful effect may occur when an electrical installation shares the
space occupied by a hearing aid induction loop.
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7

Under these circumstances, if line and neutral conductors or switch feeds and switch
wires are not run close together, there may be interference with the induction loop.

This can occur when a conventional two-way lighting circuit is installed. This effect can
be reduced by connecting as shown in Figure 7.4.4.

V¥ Figure 7.4.4 Circuit for reducng interference with induction loop

switch feed

line neutral

&« switch

I wire
light point

4 A

-. 2-way switch
{ common

(1 | | O— coresgrouped
l together

strappers

\

circuit shown switched off

2-way switch

Note: Black/grey switch conductors to be identified in accordance with Table K1.
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37 7.5 Earthing requirements for the installation of
equipment having high protective conductor
current

7.5.1 Equipment

sa371. Equipment having a protective conductor current exceeding 3.5 mA but not exceeding
s43.7.1. 10 mA must be either permanently connected to the fixed wiring of the installation or
202 connected by means of an industrial plug and socket complying with BS EN 60309-2.

Equipment having a protective conductor current exceeding 10 mA should be connected
by one of the following methods:

(a) permanently connected to the wiring of the installation, with the protective
conductor selected in accordance with Regulation 543.7.1.203. The permanent
connection to the wiring may be by means of a flexible cable

(b) a flexible cable with an industrial plug and socket to BS EN 60309-2, provided
that either:

(i) the protective conductor of the associated flexible cable is of cross-
sectional area not less than 2.5 mm~ for plugs up to 16 A and not less than
4 mm? for plugs rated above 16 A, or

(ii) the protective conductor of the associated flexible cable is of cross-
sectional area not less than that of the line conductor

(c) a protective conductor complying with Section 543 with an earth monitoring
system to BS 4444 installed which, in the event of a continuity fault occurring
in the protective conductor, automatically disconnects the supply to the

equipment.
7.5.2 Circuits
54371 The wiring of every final circuit and distribution circuit having a protective conductor
current likely to exceed 10 mA must have high integrity protective conductor connections
complying with one or more of the following:
(a) a single protective conductor having a cross-sectional area not less than
10 mm?, complying with Regulations 543.2 and 543.3
(b) a single copper protective conductor having a csa not less than 4 mm’,
complying with Regulations 543.2 and 543.3, the protective conductor being
enclosed to provide additional protection against mechanical damage, for
example within a flexible conduit
543.7. (c) two individual protective conductors, each complying with Section 543, the
- ends being terminated independently
54371, (d) earth monitoring or use of double-wound transformer.
saz71 Note: Information should be provided at distribution boards to indicate circuits with high
205 protective conductor currents (see 6.15).
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7.5.3 Socket-outlet final circuits

54372201  For a final circuit with socket-outlets or connection units, where the protective conductor
current in normal service is likely to exceed 10 mA, the following arrangements are

acceptable:

(a) a ring final circuit with a ring protective conductor. Spurs, if provided, require
high integrity protective conductor connections (Figure 7.5.3(i)), or

(b) a radial final circuit with:
(i) a protective conductor connected as a ring (Figure 7.5.3(ii)), or
(i) an additional protective conductor provided by metal conduit or ducting.

V¥ Figure 7.5.3(i) Ring final circuit supplying socket-outlets

Distribution
board

Socket-outlets must have two
terminals for protective conductors

One terminal to be used for each
protective conductor
Minimum size of 1.5 mm?

Separate &
connections

¥ Figure 7.5.3(ii) Radial final circuit supplying socket-outlets with duplicate protective
conductors

PE Separate
connections

Duplicate protective conductor. Keep close
to circuit conductors to reduce EMC effects

Distribution
board

Socket-outlets must have two terminals for protective conductors
One terminal to be used for each protective conductor
Minimum size of 1.5 mm?
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415.1.1

543.2.1
543.2.6

559.8
414

415.1

221.10.1

7.6 Electrical supplies to furniture

Where electrical equipment is installed within purpose-built items of furniture, such as
cupboards, shop displays or lecterns, and supplied from a plug and socket arrangement,
no specific standard exists for such installations, therefore guidance is given here which,
essentially, follows the principles of BS 7671. For electrical systems in office furniture and
educational furniture, BS 6396:2008+A1:2015 currently exists for installations which are
supplied via a 13 A BS 1363 plug.

The following points should be adhered to:

» socket-outlets supplying items of furniture must be protected by an RCD
providing additional protection at 30 mA

» cables of Band | and Band Il circuits to be kept apart as far as is reasonably
practicable; see also 7.4.1

» cables of Band | and Band Il circuits, which are often hidden beneath the
desk, should be sufficiently mechanically protected from damage caused by
movement of chairs, storage of materials and the movement of feet and legs

» cable management systems or containment, such as conduit or trunking,
should be installed to allow the safe routing, protection and separation of
cables through the equipment

» long-term use of multi-gang extension leads should be avoided by installing
a sufficient number of socket-outlets to supply the equipment to be used:;
employers should not allow ad hoc solutions to be created by users. See also
BS 6396:2008

» ensure that cables are sufficiently protected and cannot become trapped or
damaged where desks are designed to be extended or altered to suit different
activities or users.

There is no general requirement to ensure electrical continuity across the metallic frame
of an item of furniture unless the frame has been designed to be used as a protective

conductor.

Where luminaires are installed in display stands, one of two methods of protection
against electric shock must be used:

(a) SELV or PELV
(b) protected by a 30 mA RCD

7.7 Trunking installations

All current-carrying single core non-sheathed cables must be enclosed within conduit,
ducting or trunking having at least the degree of protection IPXXD or IP4X and covers
must only be removable by the use of a tool. It is very important that the IP rating of
IPXXD or IP4X is maintained where site-fabricated joints are utilised.
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3216 7.8 Additions and alterations

421.1.201

Where an addition or alteration is required, there are a number of issues to keep in mind.
The designer/installer takes responsibility for all aspects of the installation relevant to the
planned work. The following elements must be adequate for the altered circumstances:

(a) the rating of the existing equipment is suitable for the addition or alteration,
including the distributor's equipment and metering equipment

(b) the existing equipment is suitable for continued use, including the distributor's
equipment and metering equipment

(c) earthing and bonding arrangements, if necessary for the protective measure
applied to the addition or alteration, are adequate

Where the work is an addition to an existing circuit, the designer/installer takes
responsibility for the circuit, so far as is reasonably practicable, in addition to the items
a — ¢ above, not just the not just the small addition or alteration they are undertaking.
There is no difference as to whether the addition or alteration is temporary or permanent,
electricity and compliance with BS 7671 must be ensured in all circumstances.

Consumer units in dwellings

With BS 7671:2008+A3:2015, the requirements for non-combustible consumer units
was Introduced: see 2.2.6 of this Guide.

Installers adding or amending circuits in dwellings will encounter older consumer
units, 1.e. those not complying with Regulation 421.1.201, for many years to come. It
IS important that installers do not advise the replacement of consumer units simply
because they don't comply with the current version of BS 7671. To ensure the ongoing
use of such enclosures and assemblies, the installer must ensure the following:

(a) confirmation that ALL conductor connections are correctly located in terminals
and are tight and secure; this may involve seeking the advice of the manufacturer
of the equipment to establish correct torque settings for screwdrivers when
checking terminals. This applies to all conductor/busbar connections within the
consumer unit, not just those relating to the addition or alteration

(b) there are no signs of overheating

(c) all covers, shields and barriers supplied when originally installed are present
and in a good, serviceable condition.

It must be verified for all conductor/busbar connections:

(i) terminals are not clamping onto insulation

(i) conductor are not damaged e.g. through “incision” on a solid conductor
during insulation removal, or strands removed

(iii) conductors are correctly placed, for example on the correct side of a
moving plate in a cage-clamp terminal

(iv) the permitted number of conductors per terminal is not exceeded

(v) no undue mechanical strain on the electrical connection, particularly
incoming tails.
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133.1.1
511.1
511.2

212.1.5

So far as is reasonably practicable, confirm that incorporated components such
as a Main Switch, circuit-breakers, RCBOs, RCCBs, etc., are not subject of a
product recall. This could be achieved by direct question to the manufacturer.

7.9 Installation and use of non-standard cables

For the purposes of this guidance publication and ensuring compliance with BS 7671, the
installation and use of non-standard cables, such as SY, CY and YY cables is discouraged.

The letters signify:

S — steel braid

Y - PVC

C — copper braid

To identify:

SY cables - steel braided, usually translucent sheath, PVC insulated flexible conductors

YY cables - usually grey PVC sheath, PVC insulated flexible conductors

CY cables - tinned copper wire braid, usually grey PVC sheath, PVC insulated flexible
conductors

To meet the requirements of BS 7671, every item of equipment must comply with a
British or Harmonized Standard, in the absence of such, reference can be made to IEC
standards or the appropriate standard of another country. SY, YY and CY cables are not
made to British or Harmonised Standards. Some manufacturers state that their cables
“generally” comply with a British Standard; this is not deemed sufficient for the purposes
of BS 7671.

It is important that cables have approval from an independent testing organisation and
installers should ensure that all cables purchased have manufacturers' identification and
a specification reference/standard number printed on the sheath to enable testing, if
necessary, and traceability.

7.10 EMC Directive and compatibility

The designer of the fixed installation shall ensure that the installed fixed equipment,
where relevant, is designed and manufactured in accordance with the EMC Directive
2014/30/EU and, upon request, the responsible person for the fixed installation shall
provide the required documentation.

For straightforward situations, installations composed solely of CE marked apparatus
installed in accordance with the manufacturer's instructions, with the instructions for
installation, use and maintenance being available for inspection, would conform to this
Directive.
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7.11 Wiring systems in escape routes

In buildings where evacuation is declared as:

- BD2 (Difficult)
- BD3 (Crowded)
- BD4 (Difficult and crowded)

Cables must not encroach on escape routes unless they meet the recommended
requirements of the relevant part of BS EN 60332-3 series and achieve at least 60 %
light transmittance when tested in accordance with BS EN 61034-2. Cables in escape
routes must be as short as practicable. Cables encroaching on escape routes must not be
installed within arm’s reach unless they are provided with protection against mechanical
damage likely to occur during an evacuation.

Where used, cable management systems must be one or more of the following types:

(i) conduit systems classified as non-flame propagating according to
BS EN 61386;

(if) cable trunking systems and cable ducting systems classified as non-flame
propagating according to BS EN 50085;

(iii) cable tray and cable ladder systems classified as non-flame propagating
according to BS EN 61537; or

(iv) powertrack systems meeting the requirements of BS EN 61534.

If the cables are completely enclosed and protected by any of the cable management
systems (i) and (i) above, they do not have to meet the recommended requirements
of the relevant part of BS EN 60332-3 series.

Note: Cables need to satisfy the requirements of the CPR in respect of their reaction to fire.
See BS 7671 Appendix 2, item 17.

Cables that are supplying safety circuits must have a resistance to fire rating of either
the time authorized by regulations for building elements or one hour in the absence of
such a regulation.
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701.411.3.5
701.411.3.3

701.512.3

701.512.2

701.512.3

701
701.32.3
701.512.3

701
701.32.3
701.512.3
415.1.1

701.415.2

411.3.2.2
701.411.3.3
411.5.1.2

Locations containing 8

a bath or shower

8.1 Summary of requirements

Due to the presence of water, locations containing a bath or shower are onerous for
equipment and there is an increased danger of electric shock.

The additional requirements can be summarised as follows:

(a) all low voltage circuits serving the location must be protected by 30 mA RCDs

(b) all low voltage circuits passing through zones 1 and 2 but not serving the
location must be protected by 30 mA RCDs

(c) socket-outlets, e.g. BS 1363, are not allowed within 3 metres of zone 1 (the
edge of the bath or shower basin)

(d) protection against ingress of water is specified for equipment within the zones,
see Table 8.1 and Figures 8.1(i) to 8.1(iii)

(e) there are restrictions as to where appliances, switchgear and wiring accessories
may be installed, see Table 8.1 and Figures 8.1(i) to 8.1(iii).

Where the space under a bath is accessible by a means of a tool, this is considered to
be outside the zones. Should it be necessary to connect electrical equipment beneath
a bath, e.g. whirlpool units, the connection must comply with Regulation 701.512.3,
meaning that socket-outlets would not be permitted beneath a bath.

The inside of an airing cupboard in a bathroom is deemed to be outside the location
and must effectively limit the extent of the location, just as a bathroom door separates
the bathroom as a special location from the rest of the property. However, it is strongly
recommended where an airing cupboard opens into zone 1 or zone 2, circuits supplying
equipment in the airing cupboard are be provided with additional protection by an RCD
rated at 30 mA.

Supplementary bonding of locations containing a bath or shower is required unless all
the following requirements are met:

» all circuits of the location meet the required disconnection times,

» all circuits of the location have additional protection by 30 mA RCDs, and

» all extraneous-conductive parts within the location are effectively connected
by main protective bonding conductors to the main earthing terminal of the
installation.
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Note: An example of this is where a metallic water service pipe enters the building in the bathroom
and would be connected to the main earthing terminal of the electrical installation by means
of a main bonding conductor.

¥ Table 8.1 Requirements for equipment (current-using and accessories) in a location
containing a bath or shower

Minimum Current-using equipment Switchgear and accessories

degree of
protection

0 IPX7 oﬂyuucmmmv None allowed.

2 IPX4 (IPX5 if Fixed permanently connected Only switches and sockets of
water jets) equipment allowed. General rules SELV circuits allowed, the source

apply. being outside the zones, and

| shaver supply units complying

with BS EN 61558-2-5 if fixed

where direct spray is unlikely.

On-Site Guide
© The Institution of Engineering and Technology



8

¥ Figure 8.1(i) Zone dimensions in a location containing a bath

Section Plan

The space under the bath is:

Zone 1 if accessible without the use of a tool
outside the zones if accessible only with the use of
a tool

V¥ Figure 8.1(ii) Zones in a location containing a shower with basin and with
permanent fixed partition

Section Plan

Recess above ceiling
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701.753

753411.3.2
415.1.1

753411.52
415.1.1

7153.415.1
701.753

V¥ Figure 8.1(iii) Zones in a location containing a shower without a basin, but with
a partition

Section Plan

S = thickness of partition
Y = radial distance from the fixed water outlet to
the inner corner of the partition

8.2 Shower cubicle in a room used for other
purposes

Where a shower cubicle is installed in a room other than a bathroom or shower room the
requirements for bathrooms and shower rooms must be complied with.

8.3 Underfloor heating systems

8.3.1 Locations containing a bath and shower

Underfloor heating installations in locations containing a bath and shower should have
an overall earthed metallic grid or the heating cable should have an earthed metallic
sheath, which must be connected to the protective conductor of the supply circuit.

All underfloor heating installations must have additional protection by an RCD rated at
30 mA.

8.3.2 Other areas

In areas other than special locations, Class | heating units which do not have an exposed-
conductive-part, i.e. integrated earth screen or sheath, must have a metallic grid, with
a spacing of not more than 30 mm, installed above the floor heating elements. The
grid must be connected to the protective conductor of the electrical installation and
the heating system protected by an RCD with a rated residual operating current not
exceeding 30 mA.

In areas where occupants are not expected to be completely wet, a circuit supplying
heating equipment of Class Il construction or equivalent insulation should be provided
with additional protection by the use of an RCD with a rated residual operating current
not exceeding 30 mA.
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Inspectionand ¢

testing

9.1 Inspection and testing

Every installation must be inspected and tested during erection and on completion before
being put into service to verify, so far as is reasonably practicable, that the requirements
of the Regulations have been met.

Precautions must be taken to avoid danger to persons and to avoid damage to property
and installed equipment during inspection and testing.

If the inspection and tests are satisfactory, a signed Electrical Installation Certificate together
with a Schedule of Inspections and a Schedule of Test Results (as in Appendix G) are to be
given to the person ordering the work.

9.2 Inspection

9.2.1 Procedure and purpose

Inspection must precede testing and must normally be done with that part of the
installation under inspection disconnected from the supply.

The purpose of the inspection is to verify that equipment is:

(a) correctly selected and erected in accordance with BS 7671 (and, if appropriate,
its own standard)

(b) not visibly damaged or defective so as to impair safety.

9.2.2 Inspection checklist

The inspection must include at least the checking of relevant items from the following
checklist:

(@) connection of conductors

(b) identification of conductors

(c) routing of cables in safe zones or protection against mechanical damage

(d) selection of conductors for current-carrying capacity and voltage drop, in
accordance with the design

(e) connection of single-pole devices for protection or switching in line conductors
only
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526 (f) correct connection of accessories and equipment (including polarity)
527.2 (g) presence of fire barriers, suitable seals and protection against thermal effects
110.3.3 (h) methods of protection against electric shock:
(i) basic protection and fault protection, i.e.

»>
>
>
>

SELV

PELV

double insulation
reinforced insulation

(if) basic protection, i.e.

>
>

insulation of live parts
barriers or enclosures

(iii) fault protection

>

automatic disconnection of supply

The following to be confirmed for presence and sized in accordance with
the design:

»>

earthing conductor

circuit protective conductors

protective bonding conductors

earthing arrangements for combined protective and functional
purposes

presence of adequate arrangements for alternative source(s), where
applicable

FELV

choice and setting of protective and monitoring devices (for fault and/
or overcurrent protection)

electrical separation

8. (iv) additional protection by RCDs
132,11 (i) prevention of mutual detrimental influence (refer to 7.4)
537 (j) presence of appropriate devices for isolation and switching correctly located
145 (k) presence of undervoltage protective devices (where appropriate)
514 (I) labelling of protective devices including circuit-breakers, RCDs, fuses, switches
and terminals, main earthing and bonding connections
522 (m) selection of equipment and protective measures appropriate to external
influences
132.12 (n) adequacy of access to switchgear and equipment
514 (0) presence of danger notices and other warning signs (see Section 6)
514.9 (p) presence of diagrams, instructions and similar information
522 (q) erection methods.

9.3 Testing

Testing must include the relevant tests from the following checklist.

When a test shows a failure to comply, the failure must be corrected. The test must then
be repeated, as must any earlier test that could have been influenced by the failure.
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9.3.1 Testing checklist

(a) continuity of conductors:

(i) protective conductors including main and supplementary bonding
conductors

(i1) ring final arcuit conductors including protective conductors

(b) insulation resistance (between live conductors and between each live
conductor and earth). Where appropriate during this measurement, line and
neutral conductors may be connected together, for example, where many
lighting transformers are installed on a lighting circuit

(c) polanty: this includes checks that single-pole control and protective devices,
for example, switches, circuit-breakers and fuses, are connected in the line
conductor only, that bayonet and Edison screw lampholders (except for E14
and E27 to BS EN 60238) have their outer contacts connected to the neutral
conductor and that wiring has been correctly connected to socket-outlets and
other accessories

(d) earth electrode resistance (TT systems)

(e) earth fault loop impedance (TN systems)

(f) prospective short-circuit current and prospective earth fault current, if not
determined by enquiry of the distributor

(g) functional testing, including:
(1) testing of RCDs
(ii) operation of all switchgear

(h) verification of voltage drop (not normally required during initial verification).
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Regulation 14

641.1
643.1

643.1

G538

Guidance on

initial testing of
installations

10.1 Safety and equipment

Electrical testing involves danger. The Electricity at Work Regulations 1989 states that
working on live conductors is permissible provided that:

(a) itis unreasonable in all the circumstances for it to be dead;
(b) reasonable in all the circumstances for the work to be carried out; and
(c) that suitable precautions are taken to prevent injury.

Live testing of electrical installations is, therefore, reasonable as it is a recognised method
of assessing the suitability and safety of an electrical installation; suitable precautions
must be taken by employing the correct test equipment and suitable personal protective
equipment.

Although live testing and diagnosis for fault finding may be justifiable, there could be no
justification for any subsequent repair work to be carried out live.

It is the test operative's duty to ensure their own safety, and the safety of others, whilst
working through test procedures. When using test instruments, this is best achieved by
precautions such as:

(a) knowledge and experience of the correct application and use of the test
instrumentation, leads, probes and accessories (is of the greatest importance)

(b) checking that the test instrumentation is made in accordance with the
appropriate safety standards such as BS EN 61243-3 for two-pole voltage
detectors and BS EN 61010 or BS EN 61557 for instruments

(c) checking before each use that all leads, probes, accessories (including all
devices such as crocodile clips used to attach to conductors) and instruments
including the proving unit are clean, undamaged and functioning; also,
checking that isolation can be safely effected and that any locks or other means
necessary for securing the isolation are available and functional

(d) observing the safety measures and procedures set out in HSE Guidance Note
GS 38 for all instruments, leads, probes and accessories. Some test instrument
manufacturers advise that their instruments be used in conjunction with fused
test leads and probes. Others advise the use of non-fused leads and probes
when the instrument has in-built electrical protection but it should be noted
that such electrical protection does not extend to the probes and leads.
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10.2 Sequence of tests

Note: The advice given does not preclude other test methods.

5431 Tests should be carried out in the following sequence:

10.2.1 Before the supply is connected (i.e. isolated)

543221 (@) continuity of protective conductors, induding main and supplementary bonding
64321 (b) continuity of ring final circuit conductors, including protective conductors
52335 (€) insulation resistance
6436 (d) polarity (by continuity method)

54372 (e) earth electrode resistance, using an earth electrode resistance tester (see g also).

10.2.2 With the supply connected and energised

cszs  (f)  check polarity of supply, using an approved voltage indicator
54372 (g) earth electrode resistance, using a loop impedance tester
54373 (h) earth fault loop impedance
64373 (i) prospective fault current measurement, if not determined by enquiry of the distributor
54310 (j)  functional testing, including RCDs and switchgear.

Results obtained during the various tests should be recorded on the Schedule of
Test Results (Appendix G) for future reference and checked for acceptability against
prescribed criteria.

10.3 Test procedures

54321 10.3.1 Continuity of circuit protective conductors and
protective bonding conductors (for ring final circuits
see 10.3.2)

Test methods 1 and 2 are alternative ways of testing the continuity of protective
conductors.

Every protective conductor, including circuit protective conductors, the earthing
conductor, main and supplementary bonding conductors, should be tested to verify that
the conductors are electrically sound and correctly connected.

Test method 1 detailed below, in addition to checking the continuity of the protective
conductor, also measures (R; + R3) which, when added to the external impedance
(Ze), enables the earth fault loop impedance (Zs) to be checked against the design, see
10.3.6.

Note: (R1 + R2) is the sum of the resistances of the line conductor (R;) and the circuit protective
conductor (R2) between the point of utilisation and origin of the installation.
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Use an ohmmeter capable of measuring a low resistance for these tests.

Test method 1 can only be used to measure (R; + R>) for an 'all-insulated' installation,
such as an installation wired in 'twin and earth'. Installations incorporating steel conduit,

steel trunking, MICC and PVC/SWA cables will produce parallel paths to protective
conductors. Such installations should be inspected for soundness of construction and
test method 1 or 2 used to prove continuity.

i  Continuity of circuit protective conductors
Continuity test method 1

Bridge the line conductor to the protective conductor at the distribution board so as to
include all the circuit. Then test between line and earth terminals at each point in the
circuit. The measurement at the circuit's extremity should be recorded and is the value
of (R1 + R») for the circuit under test (see Figure 10.3.1(i)).

If the instrument does not include an 'auto-null' facility, or this is not used, the resistance
of the test leads should be measured and deducted from the resistance readings
obtained.

¥ Figure 10.3.1(i) Connections for testing continuity of circuit protective conductors
using test method 1
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Continuity test method 2

Connect one terminal of the test instrument to a long test lead and connect this to the
installation main earthing terminal.

Connect the other terminal of the instrument to another test lead and use this to make
contact with the protective conductor at various points on the circuit, such as luminaires,
switches, spur outlets, etc. (see Figure 10.3.1(ii)).

If the instrument does not include an 'auto-null' facility, or this is not used, the resistance
of the test leads should be measured and deducted from the resistance readings
obtained.

The resistance of the protective conductor R is recorded on the Schedule of Test
Results; see Appendix G.

¥ Figure 10.3.1(ii) Continuity test method 2
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ii Continuity of the earthing conductor and protective bonding conductors
Continuity test method 2

For main bonding, connect one terminal of the test instrument to a long test lead and
connect this to the installation main earthing terminal. Connect the other terminal of the
instrument to another test lead and use this to make contact with the protective bonding
conductor at its further end, such as at its connection to the incoming metal water, gas
or oil service.
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The Continuity and connection verified boxes on the Electrical Installation Certificate
should be ticked if the continuity and connection of the earthing conductor and of
each main bonding conductor are satisfactory. The details of the material and the cross-
sectional areas of the conductors must also be recorded.

54321 10.3.2 Continuity of ring final circuit conductors

A three-step test is required to verify the continuity of the line, neutral and protective
conductors and the correct wiring of a ring final circuit. The test results show if the ring
has been interconnected to create an apparently continuous ring circuit which is in fact
broken, or wrongly wired.

Use a low-resistance ohmmeter for this test.
Step 1

The line, neutral and protective conductors are identified at the distribution board and
the end-to-end resistance of each is measured separately (see Figure 10.3.2(i)). These
resistances are ry, 1y and ry respectively. A finite reading confirms that there is no open
circuit on the ring conductors under test. The resistance values obtained should be
the same (within 0.05 Q) if the conductors are all of the same size. If the protective
conductor has a reduced csa the resistance ry of the protective conductor loop will be
proportionally higher than that of the line and neutral loops, for example, 1.67 times for
2.5/1.5 mm? cable. If these relationships are not achieved then either the conductors
are incorrectly identified or there is something wrong at one or more of the accessories.

¥ Figure 10.3.2(i) Step 1: The end-to-end resistances of the line, neutral and protective
conductors are measured separately
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Step 2

The line and neutral conductors are then connected together at the distribution board
so that the outgoing line conductor is connected to the returning neutral conductor and
vice versa (see Figure 10.3.2(ii)). The resistance between line and neutral conductors
is measured at each socket-outlet. The readings at each of the socket-outlets wired into
the ring will be substantially the same and the value will be approximately one-quarter
of the resistance of the line plus the neutral loop resistances, i.e. (r; + r)/4. Any socket-

outlets wired as spurs will have a higher resistance value due to the resistance of the
spur conductors.

Note: Where single-core cables are used, care should be taken to verify that the line and neutral
conductors of opposite ends of the ring circuit are connected together. An error in this respect
will be apparent from the readings taken at the socket-outlets, progressively increasing in value
as readings are taken towards the midpoint of the ring, then decreasing again towards the other
end of the ring.

¥ Figure 10.3.2(ji) Step 2: The line and neutral conductors are cross-connected and the
resistance measured at each socket-outlet

= |ine
= CpC
s neutral

Step 3

The above step is then repeated, this time with the line and cpc cross-connected at
the distribution board (see Figure 10.3.2(iii)). The resistance between line and earth
Is measured at each socket-outlet. The readings obtained at each of the socket-outlets
wired into the ring will be substantially the same and the value will be approximately
one-quarter of the resistance of the line plus cpc loop resistances, i.e. (r; + ry)/4. As
before, a higher resistance value will be measured at any socket-outlets wired as spurs.
The highest value recorded represents the maximum (R; + R3) of the circuit and is
recorded on the Schedule of Test Results. The value can be used to determine the earth
fault loop impedance (Zo) of the circuit to verify compliance with the loop impedance
requirements of BS 7671 (see 10.3.6).
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¥ Figure 10.3.2(iii) Step 3: The line conductors and cpc are cross-connected and the
resistance measured at each socket-outlet

line
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n
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at sockets

This sequence of tests also verifies the polarity of each socket-outlet, except that where
the testing has been carried out at the terminals on the reverse of the accessories, a
visual inspection is required to confirm correct polarity connections, and dispenses with
the need for a separate polarity test.

10.3.3 Insulation resistance

; Pre-test checks

(a) Pilot or indicator lamps and capacitors are disconnected from circuits to prevent
misleading test values from being obtained

(b) If a circuit includes voltage-sensitive electronic devices such as RCCBs, RCBOs
or SRCDs incorporating electronic amplifiers, dimmer switches, touch switches,
delay timers, power controllers, electronic starters or controlgear for fluorescent
lamps, etc., either:

(i) the devices must be temporarily disconnected, or
(ii) a measurement should be made between the live conductors (line and
neutral) connected together and the protective earth only.

ii Tests

Tests should be carried out using the appropriate DC test voltage specified in Table
10.3.5.

The tests should be made at the distribution board or consumer unit with the main
switch off.

When testing simple installations, i.e. those consisting of one consumer unit only, the
installation could be tested as a whole with all fuses in place, switches and circuit-
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Table 64

breakers closed, lamps removed and other current-using equipment disconnected; see
Figure 10.3.3(1).

¥ Figure 10.3.3(i) Insulation resistance test of the whole installation
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When testing individual circuits, it is important to remove the fuse or open the circuit-
breaker of that circuit: this ensures that no other circuits at the board influence the result
of the test.

Where the removal of lamps and/or the disconnection of current-using equipment is
impracticable, the local switches controlling such lamps and/or equipment should be

open.

Where a circuit contains two-way switching, the two-way switches must be operated one
at a time and further insulation resistance tests carried out to ensure that all the circuit
wiring is tested.

¥ Table 10.3.3 Minimum values of insulation resistance

Circuit nominal voltage Test voltage  Minimum insulation
(VDOC) resistance (MQ2)

SELV and PELV 250 0.5

Notes:

(a) Insulation resistance measurements are usually much higher than those of Table 10.3.3.

(b) More stringent requirements are applicable for the wiring of fire alarm systems in buildings;

see BS 5839-1.
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For an installation operating at 400/230 V, although an insulation resistance value of
only 1 MQ complies with BS 7671, where the insulation resistance measured is less than
2 MQ) the possibility of a latent defect exists. In these circumstances, each circuit should
then be tested separately.

Where surge protective devices (SPDs) or other equipment such as electronic devices or
RCDs with amplifiers are likely to influence the results of the test or may suffer damage
from the test voltage, such equipment must be disconnected before carrying out the

insulation resistance test.

543.3.2 Where it is not reasonably practicable to disconnect such equipment, the test voltage
for the particular circuit may be reduced to 250 V DC but the insulation resistance must
be at least 1 MQL.

Where the circuit includes electronic devices which are likely to influence the results or
be damaged, only a measurement between the live conductors connected together and
earth should be made and the reading should be not less than the value stated in Table

10.3.3.

i Insulation resistance between live conductors
Single-phase and three-phase

Test between all the live (line and neutral) conductors at the distribution board
(see Figure 10.3.3(1)).

Figure 10.3.3(ii) shows an insulation resistance test performed between live conductors
of a single circuit.

Resistance readings obtained should be not less than the value stated in Table 10.3.3.

¥ Figure 10.3.3(ii) Insulation resistance test between live conductors of a circuit
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Note: The test may initially be carried out on the complete installation.
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643.3.1

643.4.1
643.4.2

iv Insulation resistance to earth
Single-phase

Test between the live conductors (line and neutral) and the circuit protective conductors
at the distribution board (Figure 10.3.3(iii) illustrates neutral to earth only).

For a circuit containing two-way switching or two-way and intermediate switching, the
switches must be operated one at a time and the circuit subjected to additional insulation
resistance tests.

¥ Figure 10.3.3(iii) Insulation resistance test between neutral and earth
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Notes:

(a) The test may initially be carried out on the complete installation.

(b) Earthing and bonding connections are in place.
() The earthing conductor must connect the main earthing terminal to the means of earthing whilst

testing.
Three-phase

Test to earth from all live conductors (including the neutral) connected together. Where
a low reading is obtained it is necessary to test each conductor separately to earth, after
disconnecting all equipment.

Resistance readings obtained should be not less than the value stated in Table 10.3.3.

v SELV and PELV circuits
Test between SELV and PELV circuits and live parts of other circuits at 500 V DC.

Test between SELV or PELV conductors at 250 V DC and between PELV conductors and
protective conductors of the PELV circuit at 250 V DC.

Resistance readings obtained should be not less than the value stated in Table 10.3.3.
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vi  FELV circuits
543.3.2 FELV arcuits are tested as low voltage circuits at 500 V DC.

10.3.4 Polarity
See Figure 10.3.4.

The method of test prior to connecting the supply is the same as test method 1 for

checking the continuity of protective conductors which should have already been
carried out (see 10.3.1). For ring final circuits a visual check may be required (see 10.3.2
following step 3).

It is important to confirm that:

(a) overcurrent devices and single-pole controls are in the line conductor,

(b) except for E14 and E27 lampholders to BS EN 60238, centre contact screw
lampholders have the outer threaded contact connected to the neutral, and

(c) socket-outlet and similar accessory polarities are correct.

s 35 After connection of the supply, correct polarity must be confirmed using a voltage

indicator or a test lamp (in either case with leads complying with the recommendations
of HSE Guidance Note GS 38).

V¥ Figure 10.3.4 Polarity test on a lighting circuit
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Note: The test may be carned out either at lighting points or switches.
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411.5.3
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10.3.5 Earth electrode resistance measurement

10.3.5.1 Loop impedance method

If the electrode under test is being used in conjunction with an RCD protecting an
installation forming part of a TT system, the following method of test may be applied.

A loop impedance tester is connected between the line conductor at the origin of the
installation and the earth electrode with the test link open and a test performed. This
impedance reading is treated as the electrode resistance and is then added to the
resistance of the protective conductor for the protected circuits. The test should be
carried out before energising the remainder of the installation.

The measured resistance should meet the following criteria and those of 10.3.6 but, in
any event, should not exceed 200 Q.

For TT systems, the value of the earth electrode resistance Ra in ohms multiplied by
the operating current in amperes of the protective device I, should not exceed 50 V.

For example, if Ry = 200 Q, then the maximum RCD operating current should not
exceed 250 mA.

REMEMBER TO REPLACE THE TEST LINK.

10.3.5.2 Proprietary earth electrode test instrument

The test requires the use of two temporary test spikes (electrodes), and is carried out in
the following manner.

Connection to the earth electrode, E, is made using terminals C1 and P1 of a four-
terminal earth tester. To exclude the resistance of the test leads from the resistance
reading, individual leads should be taken from these terminals and connected separately
to the electrode. If the test lead resistance is insignificant, the two terminals may be
short-circuited at the tester and connection made with a single test lead, the same being
true if using a three-terminal tester. Connection to the temporary spikes is made as
shown in Figure 10.3.5.2. The distance between the test spikes is important. If they are
too close together, their resistance areas will overlap.

In general, reliable results may be expected if the distance between the electrode
under test and the current spike T1 is at least ten times the maximum dimension of
the electrode system, for example, 30 m for a 3 m long rod electrode. With an auxiliary
electrode T2 inserted halfway between the electrode under test E and temporary
electrode T1, the voltage drop between E and T2 is measured. The resistance of the
electrode is then obtained by the test instrument from the voltage between E and T2
divided by the current flowing between E and T1, provided that there is no overlap of
the resistance areas.

To confirm that the electrode resistance obtained above is a true value, two further
readings are taken, firstly with electrode T2 moved =6 m further from electrode E and
secondly with electrode T2 moved 6 m closer to electrode E. If the results obtained from
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the three tests are substantially the same, the average of the three readings is taken as
the resistance of the earth electrode under test. If the results obtained are significantly
different, the procedure should be repeated with test electrode T1 placed further from

the electrode under test.

¥ Figure 10.3.5.2 Earth electrode test

temporary

test instrument test electrodes

The instrument output current may be AC or reversed DC to overcome electrolytic
effects. As these types of test instrument employ phase-sensitive detectors (PSD), the
errors associated with stray currents are eliminated. The instrument should be capable
of checking that the resistance of the temporary spikes used for testing is within the
accuracy limits stated in the instrument specification. This may be achieved by an
indicator provided on the instrument, or the instrument should have a sufficiently high
upper range to enable a discrete test to be performed on the spikes. If the temporary
spike resistance is too high, measures to reduce the resistance will be necessary, such as
driving the spikes deeper into the ground.

10.3.6 Earth fault loop impedance

64373 The earth fault loop impedance (Zo) is required to be determined for the furthest point
of each circuit. It may be determined by:

» direct measurement of Z, or

» direct measurement of Ze at the origin and adding (R + R2) measured during
the continuity tests (see 10.3.1 and see 10.3.2) {Z¢=Zo + (R} + Ry)}, or

» adding (R; + Ry) measured during the continuity tests to the value of Ze
declared by the distributor (see 1.1(d) and 1.3(d)).
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The effectiveness of the distributor's earth must be confirmed by a test.
The external impedance (Zo) may be measured using a line-earth loop impedance tester.

The main switch is opened and made secure to isolate the installation from the source
of supply. The earthing conductor is disconnected from the main earthing terminal and
the measurement made between line and earth of the supply.

REMEMBER TO RECONNECT THE EARTHING CONDUCTOR TO THE EARTH
TERMINAL AFTER THE TEST.

Direct measurement of Zs can only be made on a live installation. Neither the connection
with earth nor bonding conductors are disconnected. The reading given by the loop
impedance tester will usually be less than Ze + (R; + R3) because of parallel earth return

paths provided by any bonded extraneous-conductive-parts. This must be taken into
account when comparing the results with design data.

Care should be taken to avoid any shock hazard to the testing personnel and to other
persons on site during the tests.

The value of Zs determined for each circuit should not exceed the value given in Appendix
B for the particular overcurrent device and cable.

For TN systems, when protection is afforded by an RCD, the rated residual operating
current in amperes times the earth fault loop impedance in ohms should not exceed 50
V. This test should be carried out before energising other parts of the system.

Note: For further information on the measurement of earth fault loop impedance, refer to IET
Guidance Note 3 - Inspection & Testing.

10.3.7 Measurement of prospective fault current

It is not recommended that installation designs are based on measured values of
prospective fault current, as changes to the distribution network subsequent to
completion of the installation may increase fault levels.

Designs should be based on the maximum fault current provided by the distributor (see
7.2.7().

If it is desired to measure prospective fault levels this should be done with all main
bonding in place. Measurements are made at the distribution board between live
conductors and between line conductors and earth.

For three-phase supplies, the maximum possible fault level will be approximately twice
the single-phase to neutral value. (For three-phase to earth faults, neutral and earth path
impedances have no influence.)

10.3.8 Check of phase sequence

In the case of three-phase circuits, it should be verified that the phase sequence is
maintained.
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10.3.9 Functional testing

54310 RCDs should be tested as described in Section 11.

Switchgear, controls, etc., should be functionally tested; that is, operated to check that
they work and are properly mounted and installed.

10.3.10 Verification of voltage drop

Note: Verification of voltage drop is not normally required during initial verification.

643.11  Where required, it should be verified that voltage drop does not exceed the limits stated
in relevant product standards of installed equipment.

525201  Where no such limits are stated, voltage drop should be such that it does not impair the
proper and safe functioning of installed equipment.

Typically, voltage drop will be evaluated using the measured circuit impedances.

The requirements for voltage drop are deemed to be met where the voltage drop
between the origin and the relevant piece of equipment does not exceed the values

stated in Appendix 4 of BS 7671:2018.

appx 4 Appendix 4, paragraph 6.4, gives maximum values of voltage drop for both lighting and
Table 4Ab  other uses and depending upon whether the installation is supplied directly from an LV
distribution system or from a private LV supply.

It should be remembered that voltage drop may exceed the values stated in
Appendix 4 in situations, such as motor starting periods and where equipment has a
high inrush current, where such events remain within the limits specified in the relevant
product standard or reasonable recommendation by an equipment manufacturer.
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Operation of

RCDs

Residual current device (RCD) is the generic term for a device that operates when the
residual current in the circuit reaches a predetermined value. An RCD is a protective
device used to automatically disconnect the electrical supply when an imbalance is
detected between the line and neutral conductors. In the case of a single-phase circuit,
see Figure 11.0, the device monitors the difference in currents between the line and
neutral conductors. In a healthy circuit, where there is no earth fault current or protective
conductor current, the sum of the currents in the line and neutral conductors is zero. If a
line to earth fault develops, a portion of the line conductor current will not return through
the neutral conductor. The device monitors this difference, operates and disconnects the
circuit when the residual current reaches a preset limit, the residual operating current

(Ian)-
¥ Figure 11.0 RCD operation
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11.1 General test procedure

The tests are made on the load side of the RCD, as near as practicable to its point of
installation and between the line conductor of the protected circuit and the associated
circuit protective conductor. The load supplied should be disconnected during the test.

11.2 General-purpose RCCBs to BS 4293

(a) With a leakage current flowing equivalent to 50 per cent of the rated tripping
current of the RCD, the device should not open.

(b) With a leakage current flowing equivalent to 100 per cent of the rated tripping
current of the RCD, the device should open in less than 200 ms. Where the
RCD incorporates an intentional time delay it should trip within a time range
from '50 % of the rated time delay plus 200 ms' to '100 % of the rated time
delay plus 200 ms'.

11.3 General-purpose RCCBs to BS EN 61008 or
RCBOs to BS EN 61009 and BS EN 62423

(a) With a leakage current flowing equivalent to 50 per cent of the rated tripping
current of the RCD, the device should not open.

(b) With a leakage current flowing equivalent to 100 per cent of the rated tripping
current of the RCD, the device should open in less than 300 ms unless it is of
"Type S' (or selective) which incorporates an intentional time delay. In this case,
it should trip within a time range from 130 ms to 500 ms.

11.4 RCD protected socket-outlets to BS 7288

(@) With a leakage current flowing equivalent to 50 per cent of the rated tripping
current of the RCD, the device should not open.

(b) With a leakage current flowing equivalent to 100 per cent of the rated tripping
current of the RCD, the device should open in less than 300 ms.

11.5 Additional protection

= Where an RCD with a rated residual operating current |, not exceeding 30 mA is used
41511 to provide additional protection with a test current of 5 I, the device should open in
less than 40 ms. The maximum test time must not be longer than 40 ms, unless the
protective conductor potential rises by less than 50 V.
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11.6 Integral test device

An integral test device is incorporated in each RCD. This device enables the electrical

and mechanical parts of the RCD to be verified, by pressing the button marked 'T' or
'Test' (Figure 11.0).

Operation of the integral test device does not provide a means of checking:

(a) the continuity of the earthing conductor or the associated circuit protective
conductors

(b) any earth electrode or other means of earthing

(c) any other part of the associated installation earthing.

The test button will only operate the RCD if the device is energised.

Confirm that the notice to test RCDs six-monthly (by pressing the test button) is fixed in
a prominent position (see 6.11).

11.7 Multipole RCDs

As each live conductor of the RCD is incorporated in the magnetic sensing circuit it is
not necessary to perform the test for poles L2 and L3. However, if there is any doubt as
to the authenticity of the device in question — in terms of a fake or counterfeit device —
the advice would be to repeat the test for poles L2 and L3. It goes without saying that
such important devices, designed to protect life and property, should be obtained from
trusted sources and made by reputable manufacturers.

If @ decision is made to test the RCD on all three lines, there should be little or no
discernible difference in operating times as each pole is incorporated in the magnetic
sensing circuit. If, for example, the test performed on one pole did not meet the required
disconnection time, yet tests on the other two poles were satisfactory, the device should
be considered faulty and replaced.
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Appendix

Maximum demand
and diversity

This appendix provides information on the determination of the maximum demand for
an installation and includes the current demand to be assumed for commonly used
equipment. It also includes some notes on the application of allowances for diversity.

The information and values given in this appendix are intended only for guidance
because it is impossible to specify the appropriate allowances for diversity for every
type of installation and such allowances call for special knowledge and experience. The
values given in Table A2, therefore, may be increased or decreased as decided by the
installation designer concerned. No guidance is given for blocks of residential dwellings,
large hotels, industrial and large commercial premises; such installations should be
assessed on a case-by-case basis.

The current demand of a final circuit is determined by adding the current demands of
all points of utilisation and equipment in the circuit and, where appropriate, making an
allowance for diversity. Typical current demands to be used for this addition are given
in Table Al.

The current demand of an installation consisting of a number of final circuits may be
assessed by using the allowances for diversity given in Table A2 which are applied to
the total current demand of all the equipment supplied by the installation. The current
demand of the installation should not be assessed by adding the current demands of
the individual final circuits obtained as outlined above. In Table A2 the allowances are
expressed either as percentages of the current demand or, where followed by the letters
f.1. (full load), as percentages of the rated full load current of the current-using equipment.
The current demand for any final circuit which is a standard circuit arrangement complying
with Appendix H is the rated current of the overcurrent protective device of that circuit.

An alternative method of assessing the current demand of an installation supplying a
number of final circuits is to add the diversified current demands of the individual circuits
and then apply a further allowance for diversity. In this method the allowances given in
Table A2 should not be used, the values to be chosen being the responsibility of the
installation designer.

The use of other methods of determining maximum demand is not precluded where
specified by the installation designer. After the design currents for all the circuits have
been determined, enabling the conductor sizes to be chosen, it is necessary to check
that the limitation on voltage drop is met.
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V¥ Table A1  Current demand to be assumed for points of utilisation and current-
using equipment

Point of utilisation or current-using Current demand to be assumed
equipment

Socket-outlets other than 2 A socket-outlets ~ Rated current

and other than 13 A socket-outlets

See note 1

Lighting outlet Current equivalent to the connected load, with
See note 2 a minimum of 100 W per lampholder

Household cooking appliance The first 10 A of the rated current plus 30 % of
the remainder of the rated current plus 5 A if a

Notes:
1

See Appendix H for the design of standard circuits using socket-outlets to BS 1363-2 and BS EN
60309-2 (BS 4343).

Final circuits for discharge lighting must be arranged so as to be capable of carrying the total steady
current, viz. that of the lamp(s) and any associated controlgear and also their harmonic currents.
Where more exact information is not available, the demand in volt-amperes is taken as the rated lamp
watts multiplied by not less than 1.8. This multiplier is based upon the assumption that the circuit is
corrected to a power factor of not less than 0.85 lagging, and takes into account controlgear losses
and harmonic current.

L=
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¥V Table A2  Allowances for diversity (see opposite for notes * and 1)

Purpose of the final circuit Type of premises
fed from the conductors or

Individual household installations Small shops, stores, offices and Small hotels, boarding houses,
including individual dwellings of  business premises guest houses, etc.
a block

switchgear to which the diversity
applies

1 Lighting 66 % of total current demand 90 % of total current demand 75 % of total current demand

3 Cooking appliances 10 A + 30 % f.I. of connected cooking 100 % f.l. of largest appliance +80 % 100 % fl. of largest appliance +80 %
| appliances in excess of 10A+5Aif  fl. of second largest appliance +60 %  f.l. of second largest appliance +60 %
a socket-outlet is incorporated in the  fl. of remaining appliances f.l. of remaining appliances
control unit

5 Water-heaters (instantaneous type)* 100 % f.l. of largest appliance +100 % 100 % f.l. of largest appliance +100 % 100 % f.l. of largest appliance +100 %
f.l. of second largest appliance +25 %  f.. of second largest appliance +25 %  f.l. of second largest appliance +25 %
f.l. of remaining appliances f.l. of remaining appliances f.l. of remaining appliances

7 Floor warming installations No diversity allowablet
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Purpose of the final circuit Type of premises
fed from th t - . : . :
Ed- bl cungzluc Ssidell e Individual household installations Small shops, stores, offices and Small hotels, boarding houses,
switchgear to which the diversity . N T : : .
: including individual dwellings of  business premises guest houses, etc.
applies
a block

9 Standard arrangement of final 100 % of current demand of largest 100 % of current demand of largest

circuits in accordance with Appendix circuit +40 % of cuent demand of circuit +50 % of current demand of

H every other circuit every other circuit

Notes to Table A2:

* In this context an instantaneous water-heater is considered to be a water-heater of any loading which heats water only while the tap is turned on and therefore
uses electricity intermittently.

I Itis important to ensure that distribution boards or consumer units are of sufficient rating to take the total load connected to them without the application of any
diversity.
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411.4.203

411.3.2.2

411.3.2.5

543.1.5

Appendix

Maximum permissible

measured earth fault
loop impedance

The tables in this appendix provide maximum permissible measured earth fault loop
impedances (Z¢) for compliance with BS 7671 where the standard final circuits of Table
7.1(1) are used. The values are those that must not be exceeded in the tests carried out
under 10.3.6 at an ambient temperature of 10 °C. Table B8 provides correction factors
for other ambient temperatures.

Where the cables to be used are to Table 3, 4 or 5 of BS 6004, Table 3, 4 or 5 of
BS 7211, Table B.1 or B.2 of BS EN 50525-3-41 or are other thermoplastic (PVC) or
thermosetting (low smoke halogen-free — LSHF) cables to these British Standards and
the cable loading is such that the maximum operating temperature is 70 °C, then Tables
B1-B5 give the maximum earth fault loop impedances for circuits with:

(a) protective conductors of copper and having from 1 mm® to 16 mm® cross-
sectional area
(b) an overcurrent protective device (i.e. a fuse) to:

(i) BS 3036 (Table B1)

(ii) BS 88-2.2 and BS 88-6 (Table B2)
(iiii) BS 88-2 (BS EN 60269-2) (Table B3)
(iv) BS 88-3 (Table B4)

(v) BS 1361 (Table B5).

For each type of fuse, two tables are given:

» where the crcuit concerned is a final circuit not exceeding 32 A and the
maximum disconnection time for compliance with Regulation 411.3.2.2 is 0.4
s for TN systems, and

» where the circuit concerned is a final circuit exceeding 32 A or a distribution
crcuit, and the disconnection time for compliance with Regulation 411.3.2.3 is
5 s for TN systems.

In each table the earth fault loop impedances given correspond to the appropriate
disconnection time from a comparison of the time/current characteristics of the device
concerned and the equation given in Regulation 543.1.3.

The tabulated values apply only when the nominal voltage to Earth (U ) is 230 V.
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Table B6 gives the maximum measured Z for circuits protected by circuit-breakers to
BS 3871-1 and BS EN 60898 and RCBOs to BS EN 61009.

Note: The impedances tabulated in this appendix are lower than those in Tables 41.2, 41.3 and 41.4 of
BS 7671 as the impedances in this appendix are measured values at an assumed conductor
temperature of 10 °C whilst those in BS 7671 are design figures at the conductor maximum
permitted operating temperature. The correction factor (divisor) used is 1.25. For smaller section
conductors the impedance may also be limited by the adiabatic equation of Regulation 543.1.3.
A value of k of 115 from Table 54.3 of BS 7671 is used. This is suitable for PVC insulated and

sheathed cables to Table 4, 7 or 8 of BS 6004 and for thermosetting (LSHF) insulated and
sheathed cables to Table 3, 5, 6 or 7 of BS 7211. The k value is based on both the thermoplastic

(PVC) and LSHF cables operating at a maximum temperature of 70 °C.

¥V Table B1  Semi-enclosed fuses. Maximum measured earth fault loop
impedance (in ohms) at ambient temperature where the overcurrent

protective device is a semi-enclosed fuse to BS 3036
i 0.4 second disconnection (final circuits not exceeding 32 A in TN systems)

Protective Fuse rating

conductor (mm?)

1.0 13 1.9 1.3 NP

ii 5 seconds disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)

Protective Fuse rating
conductor (mm’)

1.0 23 NP NP NP

25 2.91 2.0 1.0 NP

2 6.0 291 2.0 1.2 0.85

Note: NP means that the combination of the protective conductor and the fuse is Not Permitted.

On-Site Guide
© The Institution of Engineering and Technology



Appendix B

V TableB2 BS 88-2.2 and BS 88-6 fuses. Maximum measured earth fault loop
impedance (in ohms) at ambient temperature where the overcurrent

protective device is a fuse to BS 88-2.2 or BS 88-6
i 0.4 second disconnection (final circuits not exceeding 32 A in TN systems)

Protective Fuse rating

conductor (mm®) 10 A 16 A 20 A 25 A

1.0 6.47 .9 2.06 1.34 1.09 0.62

225 6.47 2.9 2.06 1.34 1.09 0.79

ii 5 seconds disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)

Protective Fuse rating
conductor (mm”
( ) 20 A 25 A 32 A 40 A 50 A 635 A 80OA 100A
1.0 1.46 1.17 0.62 NP NP NP NP NP

6.0 2.21 1.75 1.4 1.03 0.79 0.62 0.34 0.19

16.0 2.21 1.75 1.4 1.03 0.79 0.62 0.44 0.32

Note: NP means that the combination of the protective conductor and the fuse is Not Permitted.
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¥V TableB3 BS 88-2 (BS EN 60269-2) fuses. Maximum measured earth fault
loop impedance (in ohms) at ambient temperature where the
overcurrent protective device is a fuse to BS 88-2 (BS EN 60269-2)

i 0.4 second disconnection (final circuits not exceeding 32 A in TN systems)

Protective Fuse rating

conductor (mm’
{ ) 4 A 6A 10 A 16 A 20 A 25 A 32 A

1.0 26.5 125 6.2 L5 1.9 1.3 1.0 0.6

& 26.5 123 6.2 i 1.9 1.3 1.0 0.8

ii 5 seconds disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)

Protective Fuse rating

ductor (mm’
conductor(mm) — >0aA 25A 32A 40A 50A 63A B80A 100A

1.0 1.46 1.03 063 055 NP NP NP NP

6.0 2.24 1.7 1.4 1.0 0.79 0.62 0.3 0.19

16.0 2.24 74 1.4 1.0 0.79 0.62 0.44 0.34

Note: NP means that the combination of the protective conductor and the fuse is Not Permitted.

On-Site Guide
© The Institution of Engineering and Technology



Appendix | B

V TableB4  BS 88-3 fuses. Maximum measured earth fault loop impedance (in
ohms) at ambient temperature where the overcurrent protective
device is a fuse to BS 88-3

i 0.4 second disconnection (final circuits not exceeding 32 A in TN systems)

Protective Fuse rating

conductor (mm’°)

1.0 79 1.84 1.55 0.6

ii 5 seconds disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)

Protective Fuse rating

conductor (mm°)

32 A 45 A 63 A 80 A 100 A

1.0 2.13 0.59 NP NP NP NP
s 2w o N W W N
25 257 1.13 0.55 0.24 NP NP
a0 2w s om om0 N
6.0 2.57 1.25 0.76 0.51 0.29 0.16
w0 2 25 0% o0ss 04 0%
16.0 2.57 125 0.76 0.55 0.4 0.3

Note: NP means that the combination of the protective conductor and the fuse is Not Permitted.
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¥V TableB5 BS 1361 fuses. Maximum measured earth fault loop impedance
(in ohms) at ambient temperature where the overcurrent protective

device is a fuse to BS 1361
i 0.4 second disconnection (final circuits not exceeding 32 A in TN systems)

Protective Fuse rating
conductor (mm’)

ii 5 seconds disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)
Protective Fuse rating
d £
conductor(Mm) 554  30A  45A  60A  BOA 100 A

1.0 1.46 0.70 NP NP NP NP

16.0 2.13 1.4 0.73 0.53 0.38 0.28

Note: NP means that the combination of the protective conductor and the fuse is Not Permitted.
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V TableB6  Circuit-breakers. Maximum measured earth fault loop impedance (in ohms) at ambient temperature where the overcurrent
device is a circuit-breaker to BS 3871 or BS EN 60898 or RCBO to BS EN 61009

0.1 to 5 second disconnection times

Circuit-breaker Circuit-breaker rating (amperes)

Hype 15 16 20 25 30 32 40 45 50
] 1456 874 728 44 293 276 22 176 147 138 11 098 088 07 044

B 11.65 7.0 5.87 3.5 2.3 a2 1.75 1.4 1.17 L1 088 0.78 0.7 056  0.35

Circuit-breakers. Maximum measured earth fault loop impedance (in ohms) at ambient temperature where the overcurrent device is a
circuit-breaker to BS EN 60898 type D or RCBO to BS EN 61009 type D

Circuit-breaker Circuit-breaker rating (amperes)
type
= 20 25 32 40
D 0.4 sec 1.46 0.87 0.55 0.44 0.35 0.28 - - - -

Regulation 434.5.2 of BS 7671:2018 requires that the protective conductor csa meets the requirements of BS EN 60898-1, -2 or
BS EN 61009-1, or the minimum quoted by the manufacturer. The sizes given in Table B7 are for energy limiting class 3, Types B and C devices
only.
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Vv TableB7  Minimum protective conductor size (mm?)*

Energy limiting class 3 device rating Fault level Protective conductor csa
(kA) (mm”)

Up to and including 16 A <3 1.0 1.5

Over 16 up to and including 32 A <3 1.5 1.5

40 A <3 1.5 1.5

*  For other device types and ratings or higher fault levels, consult
manufacturer's data. See Regulation 434.5.2 and the IET publication
Commentary on the IET Wiring Requlations.

¥ TableB8 Ambient temperature correction factors

Ambient temperature (°C) Correction factor (from 10 °C) (notes 1
and 2)

The correction factor is given by: {1 + 0.004 (Ambient temp — 20)}/{14+0.004(10-20)} where 0.004
is the simplified resistance coefficient per °C at 20 °C given by BS EN 60228 for both copper and
aluminium conductors. (Alternatively the correction factor is given by (Ambient temp + 230)/(10 +
230)).
The factors are different to those of Table 12 because Table B8 corrects from 10 °C and Table 12 from
20 °C.

N

The appropriate ambient correction factor from Table B8 is applied to the earth fault loop
impedances of Tables B1-B6 if the ambient temperature is other than 10 °C when the
circuit loop impedances are measured.

For example, if the ambient temperature is 25 °C the measured earth fault loop
impedance of a circuit protected by a 32 A type B circuit-breaker to BS EN 60898 should
not exceed 1.1 x 1.06 =1.17 Q.
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Appendix

Selection of types of

cable for particular
uses and external
influences

s> For compliance with the requirements of Chapter 52 for the selection and erection of
wiring systems in relation to risks of mechanical damage and corrosion, this appendix
lists, in two tables, types of cable for the uses indicated. These tables are not intended
to be exhaustive and other limitations may be imposed by the relevant regulations of
BS 7671, in particular, those concerning maximum permissible operating temperatures.

Information is also included in this appendix on protection against corrosion of exposed
metalwork of wiring systems.
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¥ Table C1  Applications of cables for fixed wiring

Type of cable Uses Comments

(note 7)

Thermoplastic (PVC)  For use in conduits, cable Intermediate support may be required

nrthm ducting or trunking on Inngmhcal runs
70 °C maximum conductor

.ilultllnll ulllt temperature for normal wiring grades

(BS 7211, BS 7919) including thermosetting types (note 4)
Cables run in PVC conduit should not
operate with a conductor temperature
greater than 70 °C (note 4)

Mineral insulated General MI cables should have overall PVC

(BS EN 60702-1) covering where exposed to the
weather or risk of corrosion, or where
installed underground, or in concrete
ducts

Notes:

1 The use of cable covers or equivalent mechanical protection is desirable for all underground cables
which might otherwise subsequently be disturbed. Route marker tape should also be installed, buried
just below ground level. Cables should be buried at a sufficient depth.

2 Cables having thermoplastic (PVC) insulation or sheath should preferably not be used where the
ambient temperature is consistently below 0 °C or has been within the preceding 24 hours. Where
they are to be installed during a period of low temperature, precautions should be taken to avoid
risk of mechanical damage during handling. A minimum ambient temperature of 5 °C is advised in
BS 7540:2005 (series) Electric cables — Guide to use for cables with a rated voltage not exceeding
450/750 V for some types of PVC insulated and sheathed cables.

3 (Cables must be suitable for the maximum ambient temperature, and must be protected from any
excess heat produced by other equipment, including other cables.

4 Thermosetting cable types (to BS 7211 or BS 5467) can operate with a conductor temperature of 90
°C. This must be limited to 70 °C where drawn into a conduit, etc., with thermoplastic (PVC) insulated
conductors or connected to electrical equipment (Regulations 512.1.5 and 523.1), or where such
cables are installed in plastic conduit or trunking.
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5 For cables to BS 6004, BS 6007, BS 7211, BS 6346, BS 5467 and BS 6724, further guidance may be
obtained from those standards. Additional advice is given in BS 7540:2005 (series) Guide to use of
cables with a rated voltage not exceeding 450/750 V for cables to BS 6004, BS 6007 and BS 7211.

6 Cables for overhead winng between buildings must be able to support their own weight and any
imposed wind or ice/snow loading. A catenary support is usual but hard drawn copper types may be
used.

7 BS 5467: Electric cables. Thermosetting insulated, armoured cables for voltages of 600/1000 V
and 1900/3300 V
BS 6004: Electric cables. PVC insulated, non-armoured cables for voltages up to and including
450/750 V for electric power, lighting and internal wiring
BS 6346: Electric cables. PVC insulated, armoured cables for voltages of 600/1000 V and
1900/3300 V (withdrawn)

BS 6724: Electric cables. Thermosetting insulated, armoured cables for voltages of 600/1000 V
and 1900/3300 V, having low emission of smoke and corrosive gases when affected by fire

BS 7211: Electric cables. Thermosetting insulated, non-armoured cables for voltages up to and
including 450/750 V, for electric power, lighting and internal wiring, and having low emission of
smoke and corrosive gases when affected by fire

BS 7846: Electric cables. 600/1000 V armoured fire-resistant cables having thermosetting
insulation and low emission of smoke and corrosive gases when affected by fire

BS EN 60702-1: Mineral insulated cables and their terminations with a rated voltage not

exceeding 750 V. Cables

Migration of plasticiser from thermoplastic (PVC)
materials

Thermoplastic (PVC) sheathed cables, including thermosetting insulated with
thermoplastic sheath, e.g. LSHF, must be separated from expanded polystyrene materials
to prevent take-up of the cable plasticiser by the polystyrene as this will reduce the
flexibility of the cables.

Thermal insulation

Thermoplastic (PVC) sheathed cables in roof spaces must be clipped clear of any
insulation made of expanded polystyrene granules.

Cable clips

Thermoplastic (PVC) cable clips are softened by contact with polystyrene. Nylon and
polypropylene are unaffected.

Grommets

Natural rubber grommets can be softened by contact with thermoplastic (PVC). Synthetic
rubbers are more resistant. Thermoplastic (PVC) grommets are not affected, but could
affect other plastics.

Wood preservatives

Thermoplastic (PVC) sheathed cables should be covered to prevent contact with
preservative fluids during application. After the solvent has evaporated (good ventilation
IS necessary) the preservative has no effect.
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Creosote

Creosote should not be applied to thermoplastic (PVC) sheathed cables because it
causes decomposition, solution, swelling and loss of pliability.

¥ Table C2  Applications of flexible cables to BS 6500:2000 and BS 7919:2001
(both superseded by BS EN 50525 Series)

Type of flexible cable Uses
Light thermoplastic (PVC) insulated  Indoors in household or commercial premises in dry

60 °C thermosetting (rubber) insulated Indoors in household or commercial premises where

60 °C thermosetting (rubber) insulated  For general use, unless subject to severe mechanical
sheath For use in fixed installations where protected by conduit
or ather enclosure

90 °C heat-resisting thermoplastic General, including hot situations, e.g. for pendant
(PVC) insulated and sheathed luminaires

twisted twin and three-cor where permitted by BS 4533

Notes:

(a) For flexible cables to BS 6007, BS 6141 and BS 6500 further guidance may be obtained from those
standards, or from BS EN 50565-1:2014 Electric cables. Guide to use for cables with a rated voltage
not exceeding 450/750 V (U ,/U). General quidance

(b) Cables should be suitable for the maximum ambient temperature, and should be protected from any
excess heat produced by other equipment, including other cables.
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Appendix C

(c) For flexible cables to BS 6007, BS 6141 and BS 6500 further guidance may be obtained from those
standards, or from BS EN 50565-1:2014 Electric cables. Guide to use for cables with a rated voltage
not exceeding 450/750 V (U /U)- General guidance.

(d) Where used as connections to equipment, flexible cables should, where possible, be of the minimum
practicable length to minimize danger. The length of the flexible cable must be such that will permit
correct operation of the protective device.

(e) Where attached to equipment flexible cables should be protected against tension, crushing, abrasion,
torsion and kinking, particularly at the inlet point to the electrical equipment. At such inlet points it
may be necessary to use a device which ensures that the cable is not damaged through bending.
Strain relief, clamping devices or cable guards should not damage the cable.

(f) Flexible cables should not be run under carpets or other floor coverings where furniture or other
equipment may rest on them or where heat dissipation from the cable will be affected. Flexible cables
should not be placed where there is a risk of damage from traffic passing over them, unless suitably
protected.

(g) Flexible cables should not be used in contact with or close to heated surfaces, especially if the surface
approaches the upper thermal limit of the cable.

Protection of exposed metalwork and wiring
systems against corrosion

In damp situations, where metal cable sheaths and armour of cables, metal conduit
and conduit fittings, metal ducting and trunking systems, and associated metal fixings,
are liable to chemical deterioration or electrolytic attack by materials of a structure with
which they may come in contact, it is necessary to take suitable precautions against
corrosion.

Materials likely to cause such attack include:

» materials containing magnesium chloride which are used in the construction
of floors and plaster mouldings

plaster undercoats which may include corrosive salts

lime, cement and plaster, for example on unpainted walls

oak and other acidic woods

dissimilar metals likely to set up electrolytic action.

¥yv¥y¥y

Application of suitable coatings before erection or prevention of contact by separation
with plastics, are recognized as effective precautions against corrosion.

Special care is required in the choice of materials for clips and other fittings for bare
aluminium sheathed cables and for aluminium conduit, to avoid risk of local corrosion in
damp situations. Examples of suitable materials for this purpose are the following:

» porcelain

plastics

aluminium

corrosion-resistant aluminium alloys

zinc alloys

iron or steel protected against corrosion by galvanizing, sherardizing, etc.

YyYvyvY¥YyYvY

Contact between bare aluminium sheaths or aluminium conduits and any parts made of
brass or other metal having a high copper content should be especially avoided in damp
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situations, unless the parts are suitably plated. If such contact is unavoidable, the joint
should be completely protected against ingress of moisture. Wiped joints in aluminium
sheathed cables should always be protected against moisture by a suitable paint, by an
impervious tape, or by embedding in bitumen.
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Methods of support

for cables, conductors

and wiring systems

557 5 This appendix describes examples of methods of support for cables, conductors
and wiring systems which should satisfy the relevant requirements of Chapter 52 of
BS 7671. The use of other methods is not precluded where specified by a suitably
qualified electrical engineer.

Cables generally

ltems (a) to (h) below are generally applicable to supports on structures which are
subject only to vibration of low severity and a low risk of mechanical impact.

(a)

(b)
(c)
(d)
(e)

()

(h)

For non-sheathed cables, installation in conduit without further fixing of the cables,
precautions being taken against undue compression or other mechanical stressing
of the insulation at the top of any vertical runs exceeding 5 m in length.

For cables of any type, installation in ducting or trunking without further fixing of
the cables, vertical runs not exceeding 5 m in length without intermediate support.

For sheathed and/or armoured cables installed in accessible positions, support by
clips at spacings not exceeding the appropriate value stated in Table D1.

For cables of any type, resting without fixing in horizontal runs of ducts, conduits,
cable ducting or trunking.

For sheathed and/or armoured cables in horizontal runs which are inaccessible and
unlikely to be disturbed, resting without fixing on part of a building, the surface of
that part being reasonably smooth.

For sheathed-and-armoured cables in vertical runs which are inaccessible and
unlikely to be disturbed, supported at the top of the run by a clip and a rounded
support of a radius not less than the appropriate value stated in Table D5.

For sheathed cables without armour in vertical runs which are inaccessible and
unlikely to be disturbed, supported by the method described in Item f above; the
length of run without intermediate support not exceeding 5 m for a thermosetting
or thermoplastic sheathed cable.

For thermosetting or thermoplastic (PVC) sheathed cables, installation in conduit
without further fixing of the cables, any vertical runs being in conduit of suitable size
and not exceeding 5 m in length.
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Appendix

Particular applications

(i)

()

(k)
()

In caravans, for sheathed cables in inaccessible spaces such as ceiling, wall and
floor spaces, support at intervals not exceeding 0.4 m for vertical runs and 0.25 m
for horizontal runs.

In caravans, for horizontal runs of sheathed cables passing through floor or ceiling
Joists in inaccessible floor or ceiling spaces, securely bedded in thermal insulating
material, no further fixing is required.

For flexible cables used as pendants, attachment to a ceiling rose or similar accessory
by the cable grip or other method of strain relief provided in the accessory.

For temporary installations and installations on construction sites, supports so
arranged that there is no appreciable mechanical strain on any cable termination
or joint.

Overhead wiring

(m) For cables sheathed with thermosetting or thermoplastic material, supported by a

(n)

(P)

(9)

separate catenary wire, either continuously bound up with the cable or attached
thereto at intervals, the intervals not exceeding those stated in column 2 of
Table D1.

Support by a catenary wire incorporated in the cable during manufacture, the
spacings between supports not exceeding those stated by the manufacturer and
the minimum height above ground being in accordance with Table D2.

For spans without intermediate support (e.g between buildings) of thermoplastic
(PVC) insulated thermoplastic (PVC) sheathed cable, or thermosetting insulated
cable having an oil-resisting and flame-retardant or HOFR sheath, terminal supports
so arranged that:
(i) no undue strain is placed upon the conductors or insulation of the cable,
(ii) adequate precautions are taken against any risk of chafing of the cable
sheath, and
(iii)the minimum height above ground and the length of such spans are in
accordance with the appropriate values indicated in Table D2.

Bare or thermoplastic (PVC) covered conductors of an overhead line for distribution
between a building and a remote point of utilisation (e.g. another building)
supported on insulators, the lengths of span and heights above ground having the
appropriate values indicated in Table D2 or otherwise installed in accordance with
the Electricity Safety, Quality and Continuity Regulations 2002 (as amended).

For spans without intermediate support (e.g. between buildings) and which are
In situations inaccessible to vehicular traffic, cables installed in heavy gauge steel
conduit, the length of span and height above ground being in accordance with
Table D2.

Conduit and cable trunking

(r)
(s)
(t)
(u)

Rigid conduit supported in accordance with Table D3.
Cable trunking supported in accordance with Table D4.

Conduit embedded in the material of the building.

Pliable conduit embedded in the material of the building or in the ground, or
supported in accordance with Table D3.
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Vv Table D1  Spacings of supports for cables in accessible positions

Overall diameter of Maximum spacings of clips (mm)
cable, d* (mm) . . . .

Non-armoured thermosetting or thermoplastic (PVC) Armoured cables Mineral insulated copper
sheathed cables sheathed or aluminium

sheathed cables

Generally In caravans

Horizontal T Vertical 1 Horizontal 1 Verticalt  Hornzontal t Vertical 1 Horizontal 1 Vertical 1

2 3 4 5 6 7 8 9

d=<9 250 400 250 (for all 400 (for all - - 600 800
sizes) sizes)

15<d <20 350 450 400 550 1500 2000

Notes:

For the spacing of supports for cables having an overall diameter exceeding 40 mm, the manufacturer's recommendations should be observed.

*  For flat cables taken as the dimension of the major axis.
T The spacings stated for horizontal runs may be applied also to runs at an angle of more than 30 °© from the vertical. For runs at an angle of 30 ° or less from the
vertical, the vertical spacings are applicable.

e | Xipuaddy



D Appendix

¥ TableD2  Maximum lengths of span and minimum heights above ground for
overhead wiring between buildings, etc.

Type of system Maximum Minimum height of span above
length of ground (m)t
span (m)

Atroad In positions In positions
crossings  accessible  inaccessible

to vehicular to vehicular

traffic, traffic*
other than
crossings
4
Cables sheathed with thermoplastic 3 5.8 5.8 3.5
(PVC) or having an oil-resisting and
flame-retardant or HOFR sheath,

without intermediate support.

Thermoplastic (PVC) covered 30 5.8 5.8 35
overhead lines on insulators without
intermediate support.

Cables sheathed with thermoplastic No limit 5.8 5.8 35
(PVC) or having an oil-resisting and

flame-retardant or HOFR sheath,

supported by a catenary wire.

A bare or insulated overhead line for
distribution between buildings and
structures must be installed to the
standard required by the Electricity
Safety, Quality and Continuity
Regulations 2002.

¥ Column 5 is not applicable in agricultural premises.

1 In some special cases, such as where cranes are present, it will be necessary to increase the
minimum height of span above ground. It is preferable to use underground cables in such
locations.
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¥V TableD3  Spacings of supports for conduits

Nominal Maximum distance between supports (m)
diameter of
conduit, d

(mm) Horizontal Vertical Horizontal Vertical Horizontal Vertical

Rigid metal Rigid insulating Pliable

| 2 3 4 > 6
d<16 0.75 1.0 0.75 1.0 0.3 0.5

25<d <40 2.0 225 1.75 2.0 0.6 0.8

Notes:

(a) The spacings tabulated allow for maximum fill of cables permitted by the Regulations and the thermal
limits specified in the relevant British Standards. They assume that the conduit is not exposed to other
mechanical stress.

(b) Supports should be positioned within 300 mm of bends or fittings. A flexible conduit should be of
such length that it does not need to be supported in its run.

(c) The inner radius of a conduit bend should be not less than 2.5 times the outside diameter of the
conduit.

V¥V TableD4  Spacings of supports for cable trunking

Cross-sectional area of Maximum distance between supports (m)
trunking, A (mm’ :
8 Al ) Metal Insulating

Horizontal Vertical Horizontal Vertical

| P 5 4 D

300 <A < 700 0.75 1.0 0.5 0.5

1500 <A < 2500 1.75 2.0 1.25 1.25

A > 5000 3.0 3.0 1.75 20

Notes:

(a) The spacings tabulated allow for maximum fill of cables permitted by the Regulations and the thermal
limits specified in the relevant British Standards. They assume that the trunking is not exposed to
other mechanical stress.

(b) The above figures do not apply to lighting suspension trunking, where the manufacturer's instructions
must be followed, or where spedal strengthening couplers are used. Supports should be positioned
within 300 mm of bends or fittings.
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¥ TableD5 Minimum internal radii of bends in cables for fixed wiring

Insulation Overall diameter, Factor to be applied
d® (mm) to overall diameter of

cable to determine
minimum internal
radius of bend

Thermosetting or Non-armoured d<10 32)
thermoplastic (PVC) 10<d < 25 a3)'
(circular, or circular d>25 6
stranded copper or Armoured Any 6
aluminium conductors)

Mineral Copper sheath with  Any 64
or without covering
" For flat cables the diameter refers to the major axis.

t The value in brackets relates to single-core circular conductors of stranded construction installed
in conduit, ducting or trunking.

3 Mineral insulated cables may be bent to a radius not less than three times the cable diameter over
the copper sheath, provided that the bend is not reworked, i.e. straightened and re-bent.
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Appendix

Cable capacities of
conduit and trunking

A number of variable factors affect any attempt to arrive at a standard method of
assessing the capacity of conduit or trunking.

Some of these are:

» reasonable care (of drawing-in)

» acceptable use of the space available
» tolerance in cable sizes

» tolerance in conduit and trunking.

The following tables can only give guidance on the maximum number of cables which
should be drawn in. The sizes should ensure an easy pull with low risk of damage to the
cables.

Only the ease of drawing-in is taken into account. The electrical effects of
grouping are not. As the number of circuits increases the installed current-
carrying capacity of the cable decreases. Cable sizes have to be increased
with consequent increase in cost of cable and conduit.

It may sometimes be more attractive economically to divide the circuits concerned
between two or more enclosures.

If thermosetting cables are installed in the same conduit or trunking as thermoplastic
(PVC) insulated cables, the conductor operating temperature of any of the cables must
not exceed that for thermoplastic (PVC), i.e. thermosetting cables must be rated as
thermoplastic (PVC).

The following three cases are dealt with. Single-core thermoplastic (PVC) insulated
cables in:

(a) straight runs of conduit not exceeding 3 m in length (Tables E1 and E2)

(b) straight runs of conduit exceeding 3 m in length, or in runs of any length
incorporating bends or sets (Tables E3 and E4)

(c) trunking (Tables E5 and EG6).

For cables and/or conduits not covered by this appendix, advice on the number of cables
that can be drawn in should be obtained from the manufacturer.
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Appendix

i Single-core thermoplastic (PVC) insulated cables in
straight runs of conduit not exceeding 3 m in length

For each cable it is intended to use, obtain the appropriate factor from Table E1.

Add the cable factors together and compare the total with the conduit factors given in
Table E2.

The minimum conduit size is that having a factor equal to or greater than the sum of the
cable factors.

¥ Table E1  Cable factors for use in conduit in short straight runs

Type of conductor Conductor cross-sectional area Cable factor
(mm’)
Solid 1 22
1.5 27
25 39

V¥ TableE2  Conduit factors for use in short straight runs

Conduit diameter (mm) Conduit factor

16 290
20 460
25 800
32 1400
38 1900
50 3500
63 5600
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i Single-core thermoplastic (PVC) insulated cables in
straight runs of conduit exceeding 3 m in length, or
in runs of any length incorporating bends or sets

For each cable it is intended to use, obtain the appropriate factor from Table E3.

Add the cable factors together and compare the total with the conduit factors given in
Table E4, taking into account the length of run it is intended to use and the number of
bends and sets in that run.

The minimum conduit size is that size having a factor equal to or greater than the sum of
the cable factors. For the larger sizes of conduit, multiplication factors are given relating
them to 32 mm diameter conduit.

¥ TableE3  Cable factors for use in conduit in long straight runs over 3 m, or runs
of any length incorporating bends

Type of conductor Conductor cross-sectional area Cable factor
(mm’)
Solid 1 16
or 15 22
Stranded 25 30
4 43
6 58
10 105
16 145
25 217

The inner radius of a conduit bend should be not less than 2.5 times the outside
diameter of the conduit.
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¥ TableE4  Conduit factors for runs incorporating bends and long straight runs

Conduit diameter (mm)

16 20 25 32 16 20 25 52 16 20 25 52 16 20 16 20 25 52

Straight One Bend Two Bends Four Bends
188 303 543 947 177 286 514 900 158 256 463 818 130 213 388 692

Covered by Tables E1

and E2 177 286 514 900 158 256 463 818 130 213 388 692 97 159 292 529

167 270 487 857 143 233 422 750 111 182 333 600

4 177 286 514 900 158 256 463 818 130 213 388 692 97 159 292 529

5 171 278 500 878 150 244 442 783 120 196 358 643 86 141 260 474

7 162 263 475 837 136 222 404 720 103 169 311 563

9 154 250 452 800 125 204 373 667 091 149 275 500

Additional factors:

» For 38 mm diameter use 1.4 x (32 mm factor)
» For 50 mm diameter use 2.6 x (32 mm factor)
» For 63 mm diameter use 4.2 x (32 mm factor)
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fii Single-core thermoplastic (PVC) insulated cables in
trunking

For each cable it is intended to use, obtain the appropriate factor from Table E5.

Add the cable factors together and compare the total with the factors for trunking given
in Table E6.

The minimum size of trunking is that size having a factor equal to or greater than the sum
of the cable factors.

¥ TableE5 Cable factors for trunking

Type of conductor Conductor cross- PVC BS 6004 Cable Thermosetting

5ectinnalﬂarea factor BS 7211 Cable
(ulul factor
Solid 15 8.0 86
i dia i) 11.9 11.9

Notes:

(@) These factors are for metal trunking and may be optimistic for plastic trunking, where the
cross-sectional area available may be significantly reduced from the nominal by the thickness of the
wall material.

(b) The provision of spare space is advisable; however, any circuits added at a later date must take into
account grouping, Regulation 523.5.

On-Site Guide | 149
© The Institution of Engineering and Technology



E

Appendix

¥V TableE6  Factors for trunking

Dimensions of Dimensions of Factor

trunking trunking
(mm x mm) (mm x mm)

50 x 38 767 200 x 100 8572

75 x 25 738 200 x 200 17429

75 x 50 1555 225 x 50 4671

225 x 100

100 x 25

g

2

100 x 50 225 x 200

100 x 100 300 x 38

§

:

150 x 50

2
:
-
-

&
13

150 x 100 300 x 150 19607

200 x 38

:
:
5
:

200 x 75 6359

Note: Space factor is 45 % with trunking thickness taken into account.

Other sizes and types of cable or trunking

For sizes and types of cable or trunking other than those given in Tables E5 and EB8,
the number of cables installed should be such that the resulting space factor does not
exceed 45 % of the net internal cross-sectional area.

Space factor is the ratio (expressed as a percentage) of the sum of the overall cross-
sectional areas of cables (including insulation and any sheath) to the internal cross-
sectional area of the trunking or other cable enclosure in which they are installed. The
effective overall cross-sectional area of a non-circular cable is taken as that of a circle of
diameter equal to the major axis of the cable.

Care should be taken to use trunking bends etc. which do not impose bending radii on
cables less than those required by Table D5.
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Appendix

Current-carrying

capacities and voltage
drop for copper
conductors

Current-carrying capacity

In this simplified approach the assumption is made that the overcurrent protective device
provides both fault current and overload current protection.

For cables buried in the ground, refer to BS 7671:2018, Appendix 4.

Procedure

(@) The design current () of the circuit must first be established.
(b) The overcurrent device rating (1) is then selected so that In is greater than or
equal to I

h=},

The tabulated current-carrying capacity of the selected cable (ly) is then given by:

!
> N
lt Cacgcicf
for simultaneously occurring factors.

C is a rating factor to be applied where the installation conditions differ from those for
which values of current-carrying capacity are tabulated in this appendix. The various
rating factors are identified as follows:

» C, for ambient temperature, see Table F1

» Cg for grouping, see Table F3

» C; for thermal insulation, see Table F2 (Note: For cables installed in thermal
insulation as described in Tables F4(i), F5(i) and F6, C;= 1)

» C; for the type of protective device, 1.e.:

— where the protective device is a semi-enclosed fuse to BS 3036,
Cs=0.725
— for all other devices G = 1.
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Voltage drop

575 1o calculate the voltage drop in volts the tabulated value of voltage drop (mV/A/m) has
appx4.6 to be multiplied by the design current of the circuit (Ip), the length of run in metres (L),
and divided by 1000 (to convert to volts):

voltage drop = (mwﬁjgg}); i

The requirements of BS 7671 are deemed to be satisfied if the voltage drop between
the origin of the installation and a lighting point does not exceed 3 per cent of the
nominal voltage (6.9 V) and for other current-using equipment or socket-outlets does
not exceed 5 per cent (11.5 V single-phase).

table ap ¥ Table F1  Rating factors (C,) for ambient air temperatures other than 30 °C to
be applied to the current-carrying capacities for cables in free air

Insulation
Mineral
Ambient 70 °C 90 °C Thermoplastic  Bare and not
temperature  thermoplastic  thermosetting covered or exposed to
(°C) bare and touch 105 °C
exposed to
touch 70 °C
25 1.03 1.02 1.07 1.04
35 0.94 0.96 0.93 0.96
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239 Thermal insulation

Where a cable is to be run in a space to which thermal insulation is likely to be applied,
the cable should, wherever practicable, be fixed in a position such that it will not be
covered by the thermal insulation. Where fixing in such a position is impracticable, the
cross-sectional area of the cable must be increased appropriately.

For a cable installed in thermal insulation as described in Tables F4(i), F5(i) and F6 no
correction is required.

Note: Reference methods 100, 101 and 102 require the cable to be in contact with the plasterboard
or the joists, see Tables 7.1(i1) and 7.1(iii) in Section 7.

For a single cable likely to be totally surrounded by thermally insulating material over a
length of more than 0.5 m, the current-carrying capacity should be taken, in the absence
of more precise information, as 0.5 times the current-carrying capacity for that cable
clipped direct to a surface and open (reference method C).

Where a cable is totally surrounded by thermal insulation for less than 0.5 m the current-
carrying capacity of the cable should be reduced appropriately depending on the size of
cable, length in insulation and thermal properties of the insulation. The derating factors

in Table F2 are appropriate to conductor sizes up to 10 mm® in thermal insulation having
a thermal conductivity (1) greater than 0.04 Wm K"

bless o> ¥ TableF2  Cable surrounded by thermal insulation

Length in insulation (mm) Derating factor (C)

400 0.51
= 500 0.50
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923.5

.
s V Table F3  Rating factors (Cg) for one circuit or one multicore cable or for a group of circuits, or a group of multicore cables (to be
Table 4C) used with the current-carrying capacities of Tables F4(i), F5(i) and F6)

Arrangement Number of circuits or multicore cables Applicable reference method
cables touchin for current-carmrying capacities
( 8) 3 4 5 6 7 8 12 YERIERE
Bunched in air, on a surface, embedded 10 080 070 065 060 057 054 052 050 045 AtoF
or enclosed

Single layer multicore on a perforated 10 088 082 077 075 073 073 072 072 072 E
horizontal or vertical cable tray system

Notes to Table F3:

(a)
@
(d)
(e)
(f)
(8)
(h)
(i)

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

Where horizontal clearances between adjacent cables exceed twice their overall diameter, no rating factor need be applied.

The same factors are applied to:

» groups of two or three single-core cables

» multicore cables.

If a group 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.

If a group consists of n single-core cables it may either be considered as n/2 circuits of two loaded conductors (for single-phase circuits) or n/3 circuits of three loaded
conductors (for three-phase circuits).

The rating factors given have been averaged over the range of conductor sizes and types of installation included in Tables 4D1A to 4J4A of BS 7671 (this includes F4(i),
F5(i) and F6 of this guide) and the overall accuracy of tabulated values is within 5 %.

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 of BS 7671.

Where 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.

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 rating factor of Cg applied to the tabulated l;. However,
if M cables in the group carry loads which are not greater than 0.3 Cgly amperes the other cables can be sized by using the group rating factor corresponding to
(N minus M) cables,
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V¥ Table F4(i) Single-core 70 °C thermoplastic (PVC) or thermosetting (note 1) insulated cables, non-armoured, with or
Table 401A  without sheath (copper conductors)

Ambient temperature; 30 °C
Conductor operating temperature: 70 °C

Current-carrying capacity (amperes):

Conductor Reference method Reference method B Reference method C Reference method F

Cross- A (enclosed in (enclosed in conduit (clipped direct) (in free air or on a perforated cable tray horizontal or
sectional conduit in thermally on a wall or in vertical)

area insulating wall, etc.) trunking, etc.)

2cabless, 3or4  2cables, 3or4 2 cables, 3or4 Touching Spaced by one cable
single- cables, single- cables, single- cables, diameter
phase AC three- phase AC three- phase three-
or DC phase or DC phase  ACorDC phase AC
e e flatand  flat and
touching touching
or trefoil

2 cables, 3 cables, 3 cables 2 cables single-phase
single- three- three-  AC or DC or 3 cables
phase  phase AC phase AC three-phase AC flat

AC or DC flat trefoil

flat

horizontal vertical
11 12
A A
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V TableF4a(i) continued

Conductor Reference method Reference method B Reference method C Reference method F

Cross- A (enclosed in (enclosed in conduit (clipped direct) (in free air or on a perforated cable tray horizontal or
sectional  conduit in thermally on a wall orin vertical)

area insulating wall, etc.) trunking, etc.)

2cables, 3o0r4  2cables, 3ord 2 cables, 3ord Touching Spaced by one cable
single- cables, single- cables, single- cables, diameter
phase AC  three- phase AC three- phase three-

or DC faca or DC hace  ACorDC bhasAC: 2 cables, 3 cables, 3 cables 2 cables single-phase
PAC PAC Hat G Pﬂat At single- three- three-  AC or DC or 3 cables

phase  phase AC phase AC three-phase AC flat
AC or DC flat trefoil
flat

touching touching
or trefoll

horizontal vertical
11 12
A A

35 99 89 125 110 141 129 162 143 137 181 162

70 151 136 192 171 234 214 251 225 216 281 254

Notes to Table F4(i):

1 The ratings for cables with thermosetting insulation are applicable for cables connected to equipment or accessories designed to operate with cables which run at a
temperature not exceeding 70 °C. Where conductor operating temperatures up to 90 °C are acceptable the current rating is increased — see Table 4E1A of BS 7671.

2 Where the conductor is to be protected by a semi-enclosed fuse to BS 3036, see the introduction to this appendix.

3 The current-carrying capacities in columns 2 to 5 are also applicable to flexible cables to BS 6004 Table 1(c) and to S0 °C heat-resisting PVC cables to BS 6231
Tables 8 and 9 where the cables are used in fixed installations.
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¥ Table F4(ii) Voltage drop (per ampere per metre) at a conductor operating temperature of 70 °C
Table 4D1B

Conductor 2 cables 2 cables, single-phase AC

Cross- DC
sectional area

4 5
mV/A/m mV/A/m

25 1.75 1.80 1.75 1.80 1.55 1.50

50 0.93 1.00 0.95 0.97 0.85 0.82

95 0.46 0.56 0.50 0.54 0.48 0.43

* Spacings larger than one cable diameter will result in larger voltage drop.

Reference EE ) Reference Reference Reference
methods A& methods C methods C methods A& methods C&F
B (enclosed & F(clipped &F(clipped B (enclosed (clipped direct,
in conduit or direct on tray direct on tray in conduit or on tray or in free

trunking)  orinfree air) orin free air)  trunking) air) Touching,

touching spaced Trefoil

3 or 4 cables, three-phase AC

Reference
methods C
& F (clipped

direct, on tray
or in free air)
Touching, Flat

1.55

0.84

0.47

Reference
methods C
& F (clipped

direct, on tray
or in free air)
Spaced*, Flat

1.55

0.86

0.51

t The impedance values in Table F4(ii) consist of both the resistive and reactive elements of voltage drop, usually provided separately for 25 mm* and above

conductor sizes. For more information, see Appendix 4 of BS 7671.
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V¥ Table F5(i) Multicore cables having thermoplastic (PVC) or thermosetting insulation (note 1), non-armoured (copper conductors)

Table 4D2A Ambient temperature: 30 °C
Conductor operating temperature: 70 °C
Current-carrying capacity (amperes):

Conductor Reference method A Reference method B Reference method C Reference method E (in
Cross- (enclosed in conduit in a (enclosed in conduit on a (clipped direct) free air or on a perforated
sectional area  thermally insulating wall, wall or in trunking, etc.) cable tray, etc. horizontal or
etc.) vertical)

1 two-core 1 three-core 1 two-core 1 three-core 1 two-core 1 three-core 1 two-core 1 three-core
cable*, cable* or 1 cable*, cable* or 1 cable*, cable* or 1 cable*, cable* or 1
single-phase four-core single-phase four-core single-phase four-core single-phase four-core

AC or DC cable, three- AC or DC cable, three- AC or DC cable, three- AC or DC cable, three-
phase AC phase AC phase AC phase AC

3
A

1 n 10 13 11.5 15 13.5 17 14.5

2.5 18.5 17.5 25 20 27 24 30 25
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V¥ Table F5(i) continued

Conductor Reference method A Reference method B Reference method C Reference method E (in
Cross- (enclosed in conduit in a (enclosed In conduit on a (clipped direct) free air or on a perforated
sectional area  thermally insulating wall, wall or in trunking, etc.) cable tray, etc. horizontal or
etc.) vertical)

1 two-core 1 three-core 1 two-core 1 three-core 1 two-core 1 three-core I two-core 1 three-core
cable*, cable* or 1 cable*, cable* or 1 cable*, cable* or 1 cable*, cable* or 1
single-phase four-core single-phase tour-core single-phase four-core single-phase four-core

AC or DC cable, three- AC or DC cable, three- AC or DC cable, three- AC or DC cable, three-
phase AC phase AC phase AC phase AC

70 139 125 168 149 213 184 232 196

Notes to Table F5(i):

(a) The ratings for cables with thermosetting insulation are applicable for cables connected to equipment or accessories designed to operate with cables which run at a
temperature not exceeding 70 °C. Where conductor operating temperatures up to 90 °C are acceptable the current rating is increased — see Table 4E2A of BS 7671.
(b) Where the conductor is to be protected by a semi-enclosed fuse to BS 3036, see the introduction to this appendix.
* With or without protective conductor. Circular conductors are assumed for sizes up to and including 16 mm?. Values for larger sizes relate to shaped conductors and may
safely be applied to circular conductors.
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rable ¥ Table F5(ii) Voltage drop (per ampere per metre) at a conductor operating
4D28B temperature of 70 °C

Conductor cross- Two-core cable, Two-core cable, Three- or four-core
sectional area single-phase AC cable, three-phase

4
mV/A/m

95 0.46 0.50 043

f The impedance values in Table F5(ii) consist of both the resistive and reactive elements of voltage

drop, usually provided separately for 25 mm? and above conductor sizes. For more information, see
Appendix 4 of BS 7671.
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¥V TableFé 70 °C thermoplastic (PVC) insulated and sheathed flat cable with protective conductor (copper conductors)

Table 4D5 :
Ambient temperature; 30 °C

Conductor operating temperature: 70 °C
Current-carrying capacity (amperes) and voltage drop (per ampere per metre):

Conductor cross- Reference Reference Reference Reference Reference Reference Voltage drop
sectional area method 100*  method 101* method 102* method 103 method C method A

(above a (above a (in a stud wall (in a stud wall (clipped (enclosed in
plasterboard plasterboard with thermal with thermal direct) conduit in an
ceiling covered ceiling covered insulation with insulation insulated wall)

by thermal by thermal cable touching with cable

insulation not insulation the inner wall not touching
exceeding exceeding surface) the inner wall
100 mm In 100 mm in surface)
thickness) thickness)

P

fal
1 13 10.5 13 8 16 11.5 44

25 21 17 21 13.5 27 20 18

6 34 27 35 235 47 32 1.3

16 57 46 63 42.5 85 o7 2.8

Notes:

*Reference methods 100, 101 and 102 require the cable to be in contact with the plasterboard ceiling, wall or joist, see Tables 7.1(ii) and 7.1(iii) in Section 7.

(a) Wherever practicable, a cable is to be fixed in a position such that it will not be covered with thermal insulation.

(b) Regulation 523.9, BS 5803-5: Appendix C: Avoidance of overheating of electric cables, Building Regulations Approved Document B and Thermal insulation: avoiding
risks, BR 262, BRE, 2001 refer.
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Appendix

Certification and reporting

The certificates and forms are used with the kind permission of BSI.

G1 Introduction
Fundamentally, two types of form are recognised by BS 7671, certificates and reports:

» certificates are issued for new installation work
> reports are issued for inspections of existing installations.

G2 Certification

Two types of certificate for new work are recognised by BS 7671:

» Electrical Installation Certificate
» Minor Electrical Installation Works Certificate.

G2.1 Electrical Installation Certificate

The Electrical Installation Certificate is intended to be issued where more significant
installation work is undertaken; examples are:

» a complete installation for a new property

rewire of an existing installation

replacement of a consumer unit

addition of a new circuit from the distribution board or consumer unit.

yvyy

G2.2 Minor Electrical Installation Works Certificate

The Minor Electrical Installation Works Certificate is intended to be issued for an addition
or alteration to an existing circuit; examples are:

» adding lights to a lighting circuit

adding socket-outlets to a ring final circuit

rerouting an existing circuit

replacing an existing shower with a larger power rating of unit
replacing circuit-breakers with RCBOs where there is a difference of
overcurrent type, e.g. replacing Type C for Type B.

vvyyy

On-Site Guide | 163
© The Institution of Engineering and Technology



G

164

Appendix

In each case, the characteristics of the circuit are likely to have been altered, whether it's
the addition of extra load or changes to the original earth fault loop impedance.

G2.3 Accountability

Certificates call for those responsible for the electrical installation or construction work to
certify that the requirements of the Regulations have been met. Under no circumstances
should a third party issue a certificate for installation work they have not undertaken.

It is common with larger installations for the design to be carried out by one company,
installation or construction by someone else and the inspection and testing to be
undertaken by some other, e.g. a testing organisation working on behalf of the installer;
this is quite acceptable but the company who carries out the installation must issue the
Electrical Installation Certificate.

G3 Reporting
G3.1 Electrical Installation Condition Report

The Electrical Installation Condition Report (EICR) is intended to be issued when a
periodic inspection of an electrical installation has been carried out. The EICR does not
certify anything and, hence, must not be issued to certify new electrical installation work.
The purpose of the EICR is to report on the condition of an existing electrical installation
and, ultimately, present one of two outcomes:

» SATISFACTORY - the installation is deemed safe for continued use
» UNSATISFACTORY - one or more issues of safety have been identified.

Where an unsatisfactory result has been recorded, C1 and/or C2 observations will
have been included identifying the reason(s) for the result. FI (Further Investigation)
may also be recorded where the inspection has revealed an apparent deficiency which
could not, owing to the extent or limitations of the inspection, be fully identified and
further investigation may reveal a code C1 or C2 observation. Once the report has been
issued by the inspector, the onus is then placed on the client to act in response to the
observations recorded.

G3.2 Observations

Observations to be recorded fall into four categories:

» (1 — Danger present. Risk of injury. Immediate remedial action required
» (2 - Potentially dangerous — urgent remedial action required

» (3 - Improvement recommended

» Fl — Further investigation required without delay
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Examples of C1
Where danger currently exists and an immediate issue of safety is apparent:

» uninsulated live conductors exposed on broken wiring accessory
» incorrect polarity at socket-outlets, e.g. live/cpc reversal
» item of metalwork that has become live due to a fault.

Examples of C2
Not immediately dangerous but a dangerous condition could occur due to a fault:

» Protective equipotential bonding not installed to extraneous-conductive-parts

» RCD (30 mA for additional protection) fails to operate in the required time

» double-pole fusing (line and neutral)

» no connection to means of earthing at origin

» no cpc for lighting circuit having Class | fittings/accessories with exposed-
conductive-parts

» no RCD (30 mA for additional protection) where socket-outlets are likely to
supply equipment used outdoors.

Examples of C3

Installations complying with older versions of BS 7671:

» no RCD ( 30 mA for additional protection) for socket-outlets used within the
building

» earth leakage circuit-breaker installed at origin of TT installation

» no cpc for lighting arcuit where only Class Il fittings/accessories are installed.

Examples of FI
Where further investigation may reveal a code C1 or C2:

» a consumer unit is fitted with devices and components of different
manufacture and may not meet the requirements of BS EN 61439-3
» suspected that devices within a consumer unit are subject to a product recall

G3.3 Dangerous situations

Where the inspector discovers an extremely dangerous situation, e.g. persons or livestock
are at immediate risk of electric shock or an imminent fire hazard is evident, urgent
action is advised to remove the danger. As the expert, the inspector has been employed
to identify electrical problems and, therefore, should make safe such dangerous issues
while on the premises.

The inspector is advised to exercise judgement to secure the area and inform the client
immediately, followed up in writing. Once permission has been obtained, the danger
should be removed.
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G3.4 Remedial work

Often the client will ask how much time they have before any necessary remedial work
should be carried out once alerted of the unsatisfactory result of the inspection. There is
no standard answer that can be given as all installations and situations are different from
each other. It is worth informing the client, however, that the installation has been given
an unsatisfactory result as there are issues of electrical safety and a duty of care exists
in law to ensure that employees or members of the public are not placed in a position
of unacceptable risk.

When remedial work has been completed in response to the findings of a periodic
inspection, the work may need to be certified as described in G2.

G3.5 Periodic inspection and consumer units in dwellings

With BS 7671:2008+A3:2015, the requirement for non-combustible consumer units
was introduced; see 2.2.6 of this Guide. Inspectors of electrical installations in dwellings
will encounter older consumer units, i.e. those not complying with 421.1.201, for many
years to come. To safeguard the ongoing use of such enclosures and assemblies, the
inspector must ensure the following:

» confirmation that ALL conductor connections are correctly located in terminals
and are tight and secure; this may involve seeking the advice of the manufacturer
of the equipment to establish correct torque settings for screwdrivers when
checking terminals. This applies to all terminals conductor/busbar connections
within the consumer unit, not just those relating to the addition or alteration

» there are no signs of overheating

» all covers, shields and barriers supplied when originally installed are present
and in a good, serviceable condition

It must be verified for all conductor/busbar connections:

» not clamping on insulation

» conductor not damaged e.g. through “incision” on a solid conductor during
insulation removal, or strands removed

» conductors are correctly placed, for example, on the correct side of a
moving plate in a cage-clamp terminal

» permitted number of conductors per terminal is not exceeded

» no undue strain on the electrical connection, particularly incoming tails

So far as is reasonably practicable, confirm that incorporated components such as a
Main Switch, circuit-breakers, RCBOs, RCCBs, etc., are not subject of a product recall. This
could be achieved by direct question to the manufacturer.

It must not be overlooked that a ferrous enclosure still has the same internal parts and
connections as a non-ferrous enclosure and, as such, a consumer unit with ferrous
enclosure should still be inspected and tested at regular intervals.

It is worth bearing in mind the Note by the Health and Safety Executive in BS 7671:2018,
which states:
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Existing installations may have been designed and installed to conform to the standards
set by earlier editions of BS 7671 or the IEE Wiring Requlations. This does not mean

that they will fail to achieve conformity with the relevant parts of the Electricity at Work
Regulations 1989.

G4 Introduction to Model Forms from
BS 7671:2018

For convenience, the forms are numbered as below:

Form 1  Electrical Installation Certificate

Form 3 Schedule of Inspections

Form 4  Generic Schedule of Test Results

Form 5  Minor Electrical Installation Works Certificate
Form 6  Electrical Installation Condition Report
Form 7  Condition Report Inspection Schedule

appx 6 The introduction to Appendix 6 'Model forms for certification and reporting' of
BS 7671:2018 is reproduced below.

(i) The Electrical Installation Certificate required by Part 6 should be made out and
signed or otherwise authenticated by a skilled person or persons in respect of
the design, construction, inspection and testing of the work.

(ii) The Minor Electrical Installation Works Certificate required by Part 6 should be
made out and signed or otherwise authenticated by a skilled person or persons
In respect of the design, construction, inspection and testing of the minor work.

(iii) The Electrical Installation Condition Report required by Part 6 should be made
out and signed or otherwise authenticated by a skilled person in respect of the
inspection and testing of an installation.

(iv)  Skilled persons will, as appropriate to their function under (i), (ii) and (iii)
above, have a sound knowledge and experience relevant to the nature of the
work undertaken and to the technical standards set down in these Regulations,
be fully versed in the inspection and testing procedures contained in these
Regulations and employ adequate testing equipment.

(v)  Electrical Installation Certificates will indicate the responsibility for design,
construction, inspection and testing, whether in relation to new work or further
work on an existing installation.

Where the design, construction, inspection and testing are the responsibility of one
person a Certificate with a single-signature declaration in the form shown below may
replace the multiple signatures section of the model form.

On-Site Guide | 167
© The Institution of Engineering and Technology



G

Appendix

FOR DESIGN, CONSTRUCTION, INSPECTION & TESTING

| being the person responsible for the Design, Construction, Inspection &
Testing of the electrical installation (as indicated by my signature below),
particulars of which are described above, having exercised reasonable skill
and care when carrying out the Design, Construction, Inspection & Testing,
hereby CERTIFY that the said work for which | have been responsible is to the
best of my knowledge and belief in accordance with BS 7671:2018, amended
- —— .(date) except for the departures, if any, detailed as follows.

(vi) A Minor Electrical Installation Works Certificate will indicate the responsibility
for design, construction, inspection and testing of the work described on the
certificate.

(vii)  An Electrical Installation Condition Report will indicate the responsibility for the
inspection and testing of an existing installation within the extent and limitations
specified on the report.

(viii) Schedules of inspection and schedules of test results as required by Part 6
should be issued with the associated Electrical Installation Certificate or
Electrical Installation Condition Report.

(ix)  When making out and signing a form on behalf of a company or other business
entity, individuals should state for whom they are acting.

(x) Additional forms may be required as darification, if needed by ordinary persons,
or in expansion, for larger or more complex installations.

G4.1 Electrical Installation Certificate

Figures G4.1(1)—(v) show a typical completed Electrical Installation Certificate comprising
Forms 1, 3 and 4. It is assumed that the diagrams and documentation required by
Regulation 514.9 are available. The installation is for a music shop, which has SELV
lighting, wiring in close proximity to gas pipes, broadband and data cables, and has
fire sealed trunking through to a store room. Regarding Form 4, the continuity test has
been carried out using (R; + R5) and hence R, testing is Not Applicable. Different test
instruments will show different displays indicating “out of range”, e.g. +299 or >199.
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¥ Figure G4.1(i) Electrical Installation Certificate — page 1

ELECTRICAL INSTALLATION CERTIFICATE
(REQUIREMENTS FOR ELECTRICAL INSTALLATIONS - BS 7671 [IET WIRING REGULATIONS]) Ref. No. SVT-1

DETAILS OF THE CLIENT
PRP Music, 22 Johnston Street, Seaton, AC30 1DC

..................................................................................................................................................................................

INSTALLATION ADDRESS
..PRP.Music,.22. Johnston Street, Seaton, AC30. 1DC. . ...
DESCRIPTION AND EXTENT OF THE INSTALLATION E/
Description of installation: pewire of commercial premises - music shop N ntaaon
Extent of installation covered by this Certificate:
) , Addition to an O]
Complete installation existing installation
Alteration to an ]
existing installation
(Use continuation sheet if necessary) see continuation sheet No: IN/A
FOR DESIGN

I/'We being the person(s) responsible for the design of the electrical installation (as indicated by my/four signatures below), particulars
of which are described above, having exercised reasonable skill and care when carrying out the design and additionally where this
certificate applies to an addition or alteration, the safety of the existing installation is not impaired, hereby CERTIFY that the

design work for which |/we have peen responsible is to the best of my/our knowledge and belief in accordance with

BS 7671:2018, amended to . [N/.A.. (date) except for the departures, if any, detailed as follows:

Details of departures from BS 7671 (Regulations 120.3, 133.1.3 and 133.5) None

Details of permitted exceptions (Regulation 411.3.3). Where applicable, 5 suitahie nsk assessments) must be afached 1o #is Carificae.

None
Risk assessment attached [

The extent of liability of the signatory or signatories is limited to the work described above as the subject of this Cerdificate.

For the DESIGN of the installation: **(Where there is mutual responsibility for the design)

Signature: PCJE""R'“ ...... Date: 2/07/12 Name (IN BLOCK LETTERS): GLJVEJENKIN Designer No 1
Signature: ......... s i g e Date: .77 Name (IN BLOCK LETTERSY). ................ oy P ——R Designer No 2**
“FOR CONSTRUCTION

| being the person responsible for the construction of the electrical installation (as indicated by my signature below), particulars of
which are described above, having exercised reasonable skill and care when carrying out the construction hereby CERTIFY that the
construction work for which | have been responsible is to the best of my knowledge and belief in accordance with BS 7671:2018,
amended to . N./. A .(date) except for the departures, if any, detailed as follows:

Details of departures from BS 7671 (Regulations 120.3 and 133.5): None

[ The extent of liability of the signatory is limited to the work described above as the subject of this Certificate.
For CONSTRUCTION of the installation:

Date: 2/07/2018Name (IN BLOCK LETTERS). ... GLIVE JENKIN Constructor

FOR INSPECTION & TESTING

| being the person responsible for the inspection & testing of the electrical installation (as indicated by my signature below), particulars
of which are described above, having exercised reasonable skill and care when carrying out the inspection & testing hereby CERTIFY
that the work for which | have been responsible is to the best of my knowledge and belief in accordance with BS 7671:2018,

amended to N/ A .(date) except for the departures, if any, detailed as follows:

Details of departures from BS 7671 (Regulations 120.3 and 133.5): None

The exient of liability of the signatory is limited to the work described above as the subject of this Certificate.
For INSPECTION AND TESTING of the installation:

. Date: 2/07/2012Name (IN BLOCK LETTERS). ... CLIVE JENKIN Inspecior
NEXT INSPECTION
IWe the designer(s), recommend that this installation is further inspected and tested after an interval of not more than ... 3 ...
yearsimeonths.
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V¥ Figure G4.1(ii) Electrical Installation Certificate — page 2

PARTICULARS OF SIGNATORIES TO THE ELECTRICAL INSTALLATION CERTIFICATE

Designer (No 1)
Name: ...CLIVE JENKIN. ........ Company: HONISTER INSTALLATION. LTD
Address: ‘,} Emm%ﬁ ................................................................................................................
o LOCKERMOUTH. . Postcode:CA99 LER TelNo: 91234 5678490
D‘uigmr (No 2)
(if applicable)
Name:....N/ZA..... ... ... ORI i o s i
I s e B e N B D e
....................................................................... Posicode: ................... TR v i i
Constructor
Name: ....CLIVE JENKIN....... Company: HONISTER INSTALLATION LTD.
e M B g N N . RO o SR T e
............... COCKERMQUTH............... Postcode: CA99.1ER TelNo: Q1234 5678490
Inspector
Name: ...CLIVE JENKIN........... Company: HONISTER INSTALLATION LTD.
Address: %Mgﬂﬂ ...................................................................................................................
................ QCKERMQUTH............ Posicode: CA99 1ER TelNo:@1234 S67890
SUPPLY CHARACTERISTICS AND EARTHING ARRANGEMENTS
Earthing Number and Type of Live Nature of Supply Parameters Supply Protective Device
arrangements ~ Conductors
TN-C [ AC M DC O Nominal voltage, U/ Uy .2350.. V BS (EN) .B8.......
TN-S E/ 1-phase, 2-wire E/ 2-wire [] Nominal frequency, ¥ .20 . Hz Type ... b
TN-C-S [] | 2-phase, 3wire [] | 3-wire [] Prospective fault current, Iy 1.6 kA
TT 0 3-phase, 3-wire L[] Other [] External loop impedance, Ze ®:140 Rated current JQ0Q. A
IT O 3-phase, 4-wire [] (Note:(1) by enguiry
Confirmation of supply polarity [ (2) by enquiry or by measurement)
Other sources of supply (as detailed on attached schedule) CIN /A,
PARTICULARS OF INSTALLATION REFERRED TO IN THE CERTIFICATE
Means of Earthing Maximum Demand
- Delete as appropriate
Distributor’s facility E/ ORI (e {mn}|"'ﬂ"“ia T ME "Amﬂps' S v e
Installation earth Type (e.g.rod(s), tape etc) ... . INLA ... eninas
electrode O NIV kom0 5 0 i e
Electrode resistance toEarth ... 0
Main Protective Conductors P
Earthing conductor Material ... .CUL . . csa ... 1@ ... mm’° | Connection/ continuity verified &
Main protective bonding
conductors Material ...... CU.........csa ... .H2 .. mm° | Connection/ continuity verified E’
10 ex
To water installation pipes To gas installation pipes ﬁ/ [ To oil installation pipes [&) / A] To structural steel [JN/A
To lightning protection [J To other [] Specify ... e
Main Switch / Switch-Fuse / Circuit-Breaker / RCD
Location ... Store. room.... Current rating .......... 100 ... A | if RCD main switch
........ (under. StAirs)......... | Fuse/device rating or seting N/AA | Rated residual operating current (1,,) N/A..mA
BS(EN) ........ eQ947-3 . Voltage rating ........ e .+ RS V | Rated time delay .............c.ccoeonessmsssisssssnens ms
No of poles .......... T A Measured operaling time ..............c..........M$
COMMENTS ON EXISTING INSTALLATION (in the case of an addition or alteration see Regulation 644.1.2);
....................... B T e
SCHEDULES
The attached Schedules are part of this document and this Certificate is valid only when they are attached to it
..... 1..... Schedules of Inspections and ....1...... Schedules of Test Results are attached.
(Emter quaniiies of schedulss mtached)
Page 2 of 5.
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V¥ Figure G4.1(iii) Schedule of Inspections — Electrical Installation Certificate
— page 3

SCHEDULE OF INSPECTIONS (for new installation work only) for Form3No. ... .2VI-1 13
DOMESTIC AND SIMILAR PREMISES WITH UP TO 100 A SUPPLY

NOTE 1: This form is suitable for many types of smaller installation, not exclusively domestic.
All items inspected in order to confirm, as appropnate, compliance with the relevant clauses in BS 7671.
The list of items and associated examples where given are not exhaustive.
NOTE 2: Insert  to indicate an inspection has been carried out and the result is satisfactory,
or N/A to indicate that the mspection is not applicable to a particular item.

"LEG“ DESCRIPTION e
1.0 EXTERNAL CONDITION OF INTAKE EQUIPMENT (VISUAL INSPECTION ONLY) .
1.1 Service cable v
1.2 Service head v":
1.3 Earthing arrangement V‘(
1.4 Mater tails ‘V/
1.5 Metenng equipment /
1.6 Isalator (where present) N.r’" A.
2.0 PARALLEL OR SWITCHED ALTERNATIVE SOURCES OF SUPPLY
21 Adequate arrangements where a generating set operates as a swilched alternative to the public supply {551.6) N/A
22 Adequate arangements where a generating set operates in paraliel with the public supply (551.7) N/A
3.0 AUTOMATIC DISCONNECTION OF SUPPLY
a1 Presence and adequacy of earthing and protective bonding arrangements:

» Installation earth electrode (where applicable) (542.1.2.3) N/A
« Earthing conductor and connections, including accessibility (542.3; 543.3.2) v
« Main protective bonding conductors and connections, including accessibility (411.3.1.2; 543.3.2 544 1) v
- Provision of safety electrical earthing / bonding labels at all appropriate locations (514.13) v
» RCD(s) provided for fault protection (411.4.204; 411.5.3) N/A
4.0 BASIC PROTECTION
4.1 mmﬂmmyﬂmmmmmm:mnrmmmhm} i
« Insulation of live parts e.g. conductors completely covered with durable insulating material (416.1) v
» Barriers or enclosures e.g. correct IP rating (416.2) '/..
5.0 ADDITIONAL PROTECTION
51 Presence and effectiveness of additional protection methods:
*RCD(s) not exceeding 30 mA operating current (415.1; Part 7), see ltem 8.14 of this schedule v
‘Supplementary bonding (415.2; Part 7) N/A
6.0 OTHER METHODS OF PROTECTION
B.1 Presence and effectiveness of methods which give both basic and fault protection: g
« SELV system, including the source and associated circuits (Section 414) v
* PELV system, including the source and assodiated circuits (Section 414) N/ A
+ Double or reinforced insulation i.e. Class Il or equivalent equipment and associated circuits (Section 412) N/ A
» Electrical separation for one item of equipment e.g. shaver supply unit (Section 413) N/A

7.0 CONSUMER UNIT(S) / DISTRIBUTION BOARD(S): )
7.1 Adequacy of access and working space for items of electrical equipment including switchgear (132.12) v
72 Components are suitable according to assemibly manufacturer's instructions or literature (536 4 203) v
7.3 Presence of linked main switch(s) (462.1.201) v
74 Isolators, for every circuit or group of circuits and all Rems of equipment (462.2) v,
75 Suitability of enclosure(s) for IP and fire ratings (416.2; 421.1.6; 421.1.201) v

Page .3.. of .5
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V¥ Figure GA4.1(iv) Schedule of Inspections — Electrical Installation Certificate
—page 4

DESCRIPTION

CONSUMER UNIT(S) / DISTRIBUTION BOARD(S) continued
T8 Protecton against mechanical damage where cables enler equipment (522.8.1; 522 8.5, 522 8.11)

T Confirmabion that ALL conducior conneciions ans cormectly localed in terminals and are Gight and secure [526.1)
7B Avoidance of healing affects where cables enter ferromagnetic enclosures e.g. steal (521.5)

T8 Selaction ol correct type and of dreuit protectve devices for overcurrent and fault protection (411.3.2; 411.4;
411.5; 411.6; Sactions 432, 433; 3.1.1)

7.10 Presence of appropriate circuit charts, warning and other notices:
= Provision of circull charis/schadules or equivalent forms of information (514.9)
= Waming notice of method of isolation where live parts not capable of being isolated by a single devica (514.11)

= Pariodic inspection and lesting notice (514.12.1)

NN ENA ;g

* RCD six-maonthly test notice, where required (514.12.2)
* AFDD six-monthly lest notice; whera required NXA
* Waming notice of non-standard (mixed) colours of conductors presant (514.14) N‘/A

.1 Frasance of labals 1o indicala the purposa of switchgear and protective devices (514.1.1; 514.8)

8.0 CIRCUITS
a1 Adequacy of conduciors for current-carrying capacity with regard to type and nature of the installation (Section 523)

a2 Cable installation methods suitable for the location(s) and extemal influences [Section 522)
B3l Segregation/separation of Band | (ELV) and Band Il (LV) circuits, and electrical and non-elecirical services (528)

a4 Cables correcily erected and supporied throughout with protection against abrasion (Sections 521, 522)

SNNY K

as Provision of fire barmiers. sealing arrangements where necessary (527.2) N/A
a8 MNon-sheathed cables enclosed throughout in conduil, ducting or trunking (521.10.1; 528.8) N/ A

BT Cables concaaled under fioors. above oallings o in wallsipartiions, adequaisly prolecied against damage (522.8.201;
522 6.202; 522 .6.204)

48 Conductions comectly identified by colour, lettering or numbserding (Secion 514)
as Presance, adequacy and cormec! lermination of prolective conductors (411.3.1.1; 543.1)

B 10 Cables and conducion comectly conneciad. encosed and with no undue mechanical strain {Section 528)

an No basic insulation of a conducior visible oulside endosure (526.8)

812 Single-pole devices for switching or protection in line conductors only (132.14.1: 530.3.2)

813 Accessors nol damaged. securely fixed, cormectly connected, suitable for external influences {134.1.1; 512.2; Section 526)
814 Provision of additional protection/requirements by RCD not exceeding 30 mA:

* Socket-outiets rated at 32 A or less (411.3.3)

= Mobils squipmant with a current raling not exceeding 32 A for use ouldoors (411.3.3)

NEILGLSG

<
.
>

= Cables concealad in walls at a depth of less than 50 mm (522.6.202; 522 6.203)

= Cables concealed In walls |/ partiions containing metal parts regardless of depth (522 .6.202; 522 6.203)
B8.15 Presance of appropriate devices for isolation and switching cormectly located including:

* Means ol swilching offl for machanical maintenance (464, 537.3.3)

* Emergency swilching [585.1, 537.3)

KSR K

* Functional switching, for control of parts of the installation and current-using equipment (463.1, 537.3.1)

* Firafighter's swilchas (537 .4)

g
>

9.0 CURRENT-USING EQUIPMENT (PERMANENTLY CONNECTED)
81 Equipment not damaged. securely fixed and suitable for external influences (134.1.1; 416.2; 512.2)
B2 Provision of overoad andfor underwoltage protection e.g. for rotating machines, if required (Sections 445, 557)

™~

s
Sy
-3

2.3 instalied to minimire the builld-up of heat and restrict the spread of fire (421.1.4; 558.4.1)
6.4 Adequacy of working space. Accessibility to equipment (132.12; 513.1)

<

i

10.0 LOCATION(S) CONTAINING A BATH OR SHOWER (SECTION 701)
10.1 30 mA RCD protecton for all LY circults, equipment suitable for the zones, supplementary bonding (where required) etc. Nr’A

11.0 | OTHER PART 7 SPECIAL INSTALLATIONS OR LOCATIONS
1.1 List all other special installations or locaions present. if any. (Record separately the results of particular inspections applied ) N/A

Name (Capitals) . ANDY.DODDS  Signature A Dodds . Date .2/07/2018
Page 4. of . 3.
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V¥ Figure G4.1(v) Generic schedule of test results — Electrical Installation Certificate - page 5

GENERIC SCHEDULE OF TEST RESULTS

DB reference mCL!:L

Location ........oLterereem. (understairs)
Teat DB () e i s S

Details of circuits and/or installed equipment vulnerable to damage when

testing ...

e SELM. £1RCECONIC. LEANSFOLINNLLS. ...

Details of test instruments used {ﬁtﬂtﬂ serial and/or asset numbe F"E:I
[y 1y 1) SRR 4= 1 = B 4 1 3 A T ——
Insulation resistance ........ e it R

Note: One schedule of test results will be issued for every consumer unit or distribution board

e L P I T s Earth fault loop impedance ............ e
.Eurrﬂct suppw Pnhrity mnfimed H .............................................................................................................................. H{:D ..................... FUER e VEEFEELE R M ;(‘A ...........................................
Phase saquam:amnﬁrmd{wh&mappmpﬂatﬂ: m’.ﬂu Earth electrode @sistance ........./MAL ..
Tested by: Test results
; Ring final ol § 2| hsaion | 2| Z | RCD | AFDD Remarks
Signature e lodenking Date .2C7/ /2018 .. | circuit continuity [H[?I’? J S | Resistance | £ | (©) (continue on a separate
1 2 ;
. = 13 ML2 a h
Circuit details £2) or Rz %ﬁ (M<2) sheet if necessary)
Protective device Conductor details £

b z| & B

_ = k=
g AR | _ _ & - g |af
= : . 2 — | = Eo "'E = . EE L E
- Circuit Description = = E‘E = EE e E E = | £ = | & 3 (i3 ES|EE(ZE |3 g‘
g 2 2| E|38 8 |5E|38/ 2| s1S|E|8|2)., 2| 2 5332|598 |52
] m (2| B |58 & |=&|c=| 3 Flc|l | @ | & |&|=|53|5 =E|5E|lg8| 22

1 2 3 4 5 8 ? 5 8 10 1" 12 1 i 18 ¥ " 1# 8 o 21 ) 7 FT %
1 |Ring, shop sockets eooq B | 32| & |30 |1.37 ¢ 25|15 |oe|0e|097038|N/A|spol29429q lo.s7| 25| | N/A
2 |Radial, Water heater p1o09 B | 16| & |30 |2.37 € |2.5| 1.5 |N/A[N/AIN/A 0.2 |N/A|sook294+299 .’/ o4| 28 / N/ A
2 |Radial, Burgler alarm |e1004 B | 16| & |30 |2.37 ¢ | 25| 1.5 |NJA|N/AIN/A |0.29|N/A| sook299+2 99 fﬂ-‘!.-ﬂi’-q 26 \é/ NS A
4 [Radial, spckets sales 61009 B | 16| & |30 |237 € |25|1.5 |NAIN/AN/Alp78 |N/A|soolk2adi29q  lo78| 25| o | NVA
5 |rRadial, fire alarm e1004 B 1e| € (B0 |23 € |25 | 1.5 |NFAINAIN/A [OT8B|N/A|SOOk299+294 (’G.E_’i 249 \/ NSA
& |Lights, internal and extemal signe 10049 B & & |30 |728 C |1.5|1.0 ||NAIN/AIN/A l0.51L|IN/A|spo29% 299 \/‘ n71| 31 \/ N/ A
7 |Spare
g |Spare
Page 2..0f 2.
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G4.2 Electrical Installation Certificate - Completion
Notes for the person producing the Certificate:

1 The Electrical Installation Certificate is to be used only for the initial certification
of a new installation, for an addition or alteration to an existing installation
where new circuits have been introduced, or the replacement of a consumer
unit/distribution board. It is not to be used for a Periodic Inspection, for which
an Electrical Installation Condition Report form should be used. For an addition
or alteration which does not extend to the introduction of new circuits, a Minor
Electrical Installation Works Certificate may be used.

The “original” Certificate is to be issued to the person ordering the work
(Regulation 644.4). A duplicate should be retained by the contractor.

2 This Certificate is only valid if accompanied by the Schedule of Inspections
and the Schedule(s) of Test Results.

3 Thesignatures appended are those of the persons authorized by the companies
executing the work of design, construction, inspection and testing respectively.
A signatory authorized to certify more than one category of work should sign in
each of the appropriate places.

4 The time interval recommended before the first periodic inspection must be

inserted (see IET Guidance Note 3 for guidance).
The proposed date for the next inspection should take into consideration the
frequency and quality of maintenance that the installation can reasonably be
expected to receive during its intended life, and the period should be agreed
between the designer, installer and other relevant parties.

5 The page numbers for each of the Schedule of Inspections and the Schedule(s)
of Test Results should be indicated, together with the total number of sheets
involved.

6 The maximum prospective value of fault current (l,) recorded should be the

greater of either the prospective value of short-circuit current or the prospective
value of earth fault current.

G4.3 Electrical Installation Certificate - Guidance for
recipients

(to be appended to the Certificate)

This safety Certificate has been issued to confirm that the electrical installation work to
which it relates has been designed, constructed, inspected and tested in accordance
with British Standard 7671 (the IET Wiring Regulations). You should have received an
“original” Certificate and the contractor should have retained a duplicate. If you were
the person ordering the work, but not the owner of the installation, you should pass this
Certificate, or a full copy of it including the schedules, immediately to the owner.

The "original" Certificate should be retained in a safe place and be shown to any person
inspecting or undertaking further work on the electrical installation in the future. If you
later vacate the property, this Certificate will demonstrate to the new owner that the
electrical installation complied with the requirements of British Standard 7671 at the
time the Certificate was issued. The Construction (Design and Management) Regulations
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2015 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.

For safety reasons, the electrical installation will need to be inspected at appropriate
intervals by a skilled person or persons competent in such work. The maximum time
interval recommended before the next inspection is stated on Page 1 under "NEXT
INSPECTION".

This Certificate is intended to be issued only for a new electrical installation or for new
work associated with an addition or alteration to an existing installation. It should not
have been issued for the inspection and testing of an existing electrical installation. An
"Electrical Installation Condition Report" should be issued for such an inspection.

This Certificate is only valid if accompanied by the Schedule of Inspections and the
Schedule(s) of Test Results.

G4.4 Schedule of Test Results

Notes to the tests and observations required when completing the Schedule of Test
Results:

» Measurement of Z. at this distribution board to be recorded

» Measurement of | at this distribution board to be recorded

» Confirm correct polarity of supply to this distribution board by the use of
approved test instrument

» Confirmation of phase sequence for multi-phase installations

» Identify circuits with equipment which could be damaged if connected when
tests are carried out, e.g. SELV transformers, dimming equipment.

The following tests, where relevant, must be carried out in the given sequence
(see also 10.2):

A - Installation isolated from the supply
1 Continuity
Radial conductors

Continuity of protective conductors, including main and
supplementary bonding

Every protective conductor, including main and supplementary bonding
conductors, should be tested to verify that it is continuous and correctly
connected.

Test method 1

Where test method 1 is used, enter the measured resistance of the line
conductor plus the circuit protective conductor (R; + R5). See 10.3.1. During
the continuity testing (test method 1) the following polarity checks should be
carried out:
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(a) overcurrent devices and single-pole controls are in the line conductor,
(b) except for E14 and E27 lampholders to BS EN 60238, centre contact screw

lampholders have the outer threaded contact connected to the neutral, and
(c) socket-outlet polarities are correct.

Compliance for each circuit is indicated by a tick in polarity column 17.

(R; + R5) need not be recorded if R, is recorded in column 14.
Test method 2

Where test method 2 is used, the maximum value of R, is recorded in column 14.

Ring final circuit continuity

Each conductor of the ring final circuit must be tested for continuity, including
spurs. An exception is permitted where the cpc is formed by, e.g. metallic conduit
or trunking and is not in the form of a ring. N/A can be recorded here but continuity
of the cpc will be confirmed in either column 13 or 14.

Insulation resistance

All voltage sensitive devices to be disconnected or test between live conductors
(line and neutral) connected together and earth.

The insulation resistance between live conductors (line-to-line and line-to-neutral
for three-phase installations and line-to-neutral for single-phase installations) is
inserted in column 15 and between live conductors and earth in column 16.

The minimum insulation resistance values are given in Table 10.3.3 of this Guide.

Polarity - by continuity method

A satisfactory polarity test may be indicated by a tick in column 17. Only in a
Schedule of Test Results associated with an Electrical Installation Condition Report
IS It acceptable to record incorrect polarity.

B - Installation energised

4  Polarity of supply
The polarity of the supply at the distribution board should be confirmed and
indicated by ticking the box on the Schedule of Test Results.

5 Earth fault loop impedance Z,
This may be determined either by direct measurement at the furthest point of
a live circuit or by adding (R; + Ry) of column 13 to Z.. Z, is determined by
measurement at the origin of the installation.
Z should not exceed the values given in Appendix B.
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6 Functional testing

The operation of RCDs (including RCBOs) is tested by simulating a fault condition,
iIndependent of any test facility in the device; see Section 11.

When testing an RCD at |a, record the operating time in column 19.

RCDs are tested in relation to their function:

* RCDs rated at 30 mA or less are used to provide additional protection,
these devices are to be tested at 5 Ia,
» RCDs rated at 100 mA or higher where used to provide fault protection
or fire protection, these devices are to be tested at |15
with the operating time recorded in column 22.
Effectiveness of the test button must be confirmed and the result recorded in
column 21.

7  Switchgear

All switchgear and controlgear assemblies, controls, etc. must be operated to
ensure that they are properly mounted, adjusted and installed.

8 Earth electrode resistance

The resistance of earth electrodes must be measured. For reliability in service the
resistance of any earth electrode should be below 200 Q. Record the value on
Form 1, 2 or 6, as appropriate.

G4.5 Minor Electrical Installation Works Certificate

Figure G4.5 shows an example of a completed Minor Electrical Installation Works
Certificate and Table G4.8 gives some notes on how to complete it.
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V¥ Figure G4.5 Minor Electrical Installation Works Certificate — page 1 of 1

MINOR ELECTRICAL INSTALLATION WORKS CERTIFICATE
(REQUIREMENTS FOR ELECTRICAL INSTALLATIONS - BS 7671 [IET WIRING REGULATIONS])
To be used only for minor electrical work which does not include the provision of a new circuit

PART 1: Description of the minor works

4. Details of departures, if any, from BS 7671:2018 for the circuit altered or extended (Regulation 120.3, 133.1.3 and 133.5):
Whera applicable, a suitable risk assessment(s) must be attached to the Certificate
None Risk assessment attached [J

..........................................................................................................................................................

...................................................................................................................................................

PART 2: Presence and adequacy of installation earthing and bonding arrangements (Regulation 132.16)

1. System earthing arrangement: TN-S [0 TN-C-S E/ T[]
2. Earth fault loop impedance at distribution board (Z_) supplying the final circuit 03? Q
3. Presence of adequate main protective conductors:

Earthing conductor E/

Main protective bonding conductor(s) to: Water E/Gas E'E:nil [ structural steel [ Other...................... u
PART 3: Circuit details
DB Reference No.: ...CUZ DB Location andtype: .Storeroom, 8-way CU
Circuit No.: ... 2 ............... Circuit description: ... Lighting ecivewit
Circuit overcurrent protective device: BS(EN).€3009 1ype B Rating.. 1O A
Conductor sizes: Live ... -5 _ mm* cpc.... . EQ. .. mm?
PART 4: Test resuits for the circuit altered or extended (where relevant and practicable)
Protective conductor continuity: R+R .O48 .0 or rR.N/A .o
Continuity of ring final circuit conductors: LL.N/A_ o NN_N/A_a cpaepe  .N/A . a
Insulation resistance: Live - Live .. +2.9.9.. MQ Live - Earth ..+29 9 MmQ
Polarity satisfactory: ﬂ/ Maximum measured earth fault loop impedance:  Z, ..©2.85.. Q
RCD operation: Rated residual operating current (1) 20O A

Disconnection time at ....... 29 . .ms

Satisfactory test button operation ﬂ

PART 5: Declaration

| certify that the work covered by this certificate does not impair the safety of the existing installation and the work has
been designed, constructed, inspected and tested in accordance with BS 7671:2018 (IET Wiring Regulations)
amended to N; A... (date) and that to the best of my knowledge and belief, at the time of my inspection,
complied with BS 7671 except as detailed in Part 1 above.

Name: .. PCJENKIN . .

For and on behalf of: Honister Installations Ltd

Address: ...+ Grassmoor, Signature: C.Jenkin

.................... Cockermaouth . .. Posiion: Divector

.................... ot B R — Dt BIOTIRIIR s
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G4.6 Minor Electrical Installation Works Certificate -
Scope of application

Notes for the person producing the certificate: The Minor Electrical Installation
Works Certificate is intended to be used for additions and alterations to an installation
that do not extend to the provision of a new circuit. Examples include the addition of
socket-outlets or lighting points to an existing circuit, the relocation of a light switch etc.
This Certificate may also be used for the replacement of equipment such as accessories
or luminaires, but not for the replacement of distribution boards or similar items.
Appropriate inspection and testing, however, should always be carried out irrespective
of the extent of the work undertaken.

G4.7 Minor Electrical Installation Works Certificate -
Guidance for recipients

(to be appended to the Certificate)

This Certificate has been issued to confirm that the electrical installation work to which it
relates has been designed, constructed, inspected and tested in accordance with British
Standard 7671 (the IET Wiring Regulations).

You should have received an “original” Certificate and the contractor should have
retained a duplicate. If you were the person ordering the work, but not the owner of
the installation, you should pass this Certificate, or a copy of it, to the owner. A separate
Certificate should have been received for each existing circuit on which minor works
have been carried out. This Certificate is not appropriate if you requested the contractor
to undertake more extensive installation work, for which you should have received an
Electrical Installation Certificate.

The Certificate should be retained in a safe place and be shown to any person inspecting
or undertaking further work on the electrical installation in the future. If you later vacate
the property, this Certificate will demonstrate to the new owner that the minor electrical
installation work carried out complied with the requirements of BS 7671 at the time the
Certificate was issued.
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G4.8 Notes on completion of the Minor Electrical
Installation Works Certificate

V¥ Table G4.8 Description of the required information

Part 1: Description of minor works  Information to record

4 No departures are to be expected except in most unusual
circumstances. See Regulations 120.3, 133.1.3 and 133.5. Any
risk assessment associated with Regulation 411.3.3 must be
-attached to the certificate and indicated.

In non-domestic installations where a risk assessment has
been carried out and the findings show that additional

protection by RCD is not necessary, the assessment(s) must
be attached to this Certificate.

3 Declaration of adequacy of earthing and bonding conductors.

Part 4 - Test results for the circuit  Record test results
!Mnrmm
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G4.9 Electrical Installation Condition Report (EICR)

Installations may be divided into two types:

» Domestic and similar installations with up to 100 A single- or three-phase

supply
» Installations with a supply greater than 100 A.

However, this Guide will only consider the Electrical Installation Condition Report for
Domestic and similar installations with up to 100 A supply. For installations with a supply
greater than 100 A, see IET Guidance Note 3.

For domestic and similar installations with up to 100 A supply, the inspector will be
required to complete a minimum of five pages of information for an EICR.

An Electrical Installation Condition Report (Form 6) is to be issued for all
inspected installations.

Figures G4.9(1)—(v) show a typical completed Electrical Installation Condition Report
comprising Forms 6, 7 and 4. The installation is some 20 years old and has no RCD
fitted.
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V¥ Figure G4.9(i) Electrical Installation Condition Report — page 1

ELECTRICAL INSTALLATION CONDITION REPORT
Ref.No. HIL-1

SECTION A. DETAILS OF THE PERSON ORDERING THE REPORT
Name .. RDOQDRDS & BURN.SERVICES..
Address .. 1.0.Steel Street,. Warkmgtan CA98.2PZ ..

SECTION B. REASON FOR PRODUCING THIS REPORT ... L‘Iiant's ne.quast due. to burning smell.._
.Known. rodent. infestation, suspﬂcte.d mh!e nm.aya.
ﬂala{s}mwhﬂimmandmhngmmmdmt 2/OT/2018. .

SECTION C. DETAILS OF THE INSTALLATION WHICH I THE SUBJECT OF THIS HEFﬂHT
Occupier Mr..P..Raymond....
Address ..Cenaeta % Ladge* Vﬂﬂﬂg View, Lampjugh
CAQT..
De&cﬂpmm remises
Domestic [¥] Commercial (] Industrial [] Other (include brief description) [T ................
Estimated age of wiring system ..20.......years
Evidence of additions / alterations Yes B No [] Notapparent [] If yes, estimate age .....5.......years
Installation records available? (Regulation 651.1) Yes [] No Date of last inspection ...Not. kinown. (date)

SECTION D. EXTENT AND LIMITATIONS OF INSPECTION AND TESTING

Extent of the electrical installation covered by this report

Visual.inspection. to.distributor’s. equipmaent and. smart. meter..Inspection.and.

test.of .consumer. unit and. final circuits. ..

Agreed limitations including the reasons (see Regulation 653.2) .N.0. d‘.tﬂmnﬂ 3.or.vemoval.of fitted kitchen
UNIts. oF. pfmncas.

Agreed with: . Person.. ordering the work. (Sa-:‘.twnA

Operational limitations including the reasons (see page no.N/A) None...

Tmrﬁpmmmdu'.adadmﬂ'nsrepm'tmdmﬂqmmmmm“mmﬂﬁﬁﬁmm[lﬁ
Wiring Regulations) as amended to ... N/A ...
nmmmmmmmmmwmmmnmmwmmmmummu
underground, have not been inspected unless specifically agreed between the chent and inspecior prior to the inspection. An inspection should be
made within an accessible roof space housing other elecincal equipment

SECTION E. SUMMARY OF THE CONDITION OF THE msmu.nrm
General condition of the installation (in terms of electrical safely) Cable. damage. evident.in loft, nthﬂrwm

.condition of the. installation is good,. aﬂ:haugh some.. ﬂgns nf wear.and tear..

Um&ﬂﬁsﬁsm thtﬂahmmlmnsufﬁmﬂahiﬂyhrmnhumdua! -
EAHSFAETORY- UNSATISFACTORY* (Delete as appropnate)
"An unsalisfactory assessment indicates that dangerous (code C1) andlor potentially dangerous (code C2) conditions have been identified.

SECTION F. RECOMMENDATIONS

Where the overall assessment of the suitability of the installation for continued use above is stated as UNSATISFACTORY, | / we recommend that
any observations classified as ‘Danger present’ (code C1) or ‘Polentially dangerous’ (code C2) are acled upon as a matter of urgency.
Investigation without delay is recommended for observations identified as ‘Further investigation required’ (code FI).

Observations classified as ‘Improvement recommended’ (code C3) should be given due consideration.

Subject to the necessary remedial action being taken, | / we recommend that the installation is further inspected and tested byJuly .202 X{date)

SECTION G. DECLARATION

l/We, being the person(s) responsible for the inspection and testing of the electrical installation (as indicated by mylour signatures
below), particulars of which are described above, having exercised reasonable skill and care when carrying out the inspection and
testing, hereby declare that the information in this report, including the observations and the attached schedules, provides an accurate
assessment of the condition of the electrical installation taking into account the stated extent and limitations in section D of this report.

Inspected and tested by: Report authorised for issue by:

Name (Capitals) CLJVE JENKIN.... Name (Capitals) CLIVE..J L.

Signature ..............C..lenkin... signature ... .C.Jenkin ..
Forlon behalfof Homister Installations. Ltd . Fodonbehalfof Honister. Installations. Ltd.
Position ..........Rirectar... Position ... Director...
Address 1. arnssmaar ﬂacke.mauth ........... Address 1. (Grassmaoor.,. Cockermouth.......
Date . ~2/07/201.8 Dl i 2/07/2018..

SECTION H. SCHEDULE(S)

....k.....schedule(s) of inspection and ...J....schedule(s) of test results are atiached.
The attached schedule(s) are part of this document and this report is valid only when they are attached 1o it

Page 1 of .5
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¥ Figure G4.9(ii) Electrical Installation Condition Report — page 2

SECTION |. SUPPLY CHARACTERISTICS AND EARTHING ARRANGEMENTS
Earthing Number and Type of Live Nature of Supply Parameters Supply Protective Device
__armangements Emdmtum

z

Er oc [ Nominal voltage, U / Uyf" .....230.....V BS(EN) .1361......
1'F"BEE 2-wire 2wire [] | Nominal frequency, 7 ........SQ...H |Type —odd

2-phase, 3wire [ | 3-wire [] Frmpacﬁvafmlu.nml.w .,.J.*i-.,-,tﬁ
3-phase, 3-wire O | oter O Extemal loop impedance, Zs @ m.ﬁ_n Rated current ... B0.. . A

3-phase, 4-wire [] (Nole: (1) by enquiry

Confirmation of supply polarity ﬂ/ (2) by enquiry or by measurement)
Other sources of supply (as detailed on attached schedule) []

SECTION J. PARTICULARS OF INSTALLATION REFERRED TO INTHE REPORT

Means of Earthing Details of Installation Earth Electrode (where applicable)

Distributor's facility ﬁ{ TR oI o it A S A S s
Installation earth OO i e
electrode O | Resistance o Earth ............Q

Main Protective Conductors )
Earthing conductor Material ......CLL.......... c54 ......L16......mm2 Connection / continuity verified B

ng g&w&mggﬁ Material .....CLL...... o523 ......10.....mm2 Connection / continuity verified ﬁ

To waler installation pipes M | To gas installation pipes W [ To ol installation pipes [N/ To structural steel [9/A

To lightning protection BV A | To other [ SPecify ... dNZA......ooooooeeeeeeeese s sssssssssssesss s sssssssss s ssssssmsssssss seeeeseesssssesseeeseeesss
Main Switch | Switch-Fuse / Circuit-Breaker | RCD

Location ...GaArage...............c.... | Curentrafing .....2100.........A | IfRCD main switch
sttt ses st sssinesnnene. | FUS@ [ device rafing or setting N/ZA. A | Rated residual operating current (l,s) ....N.ZA.....mA
BSEN) ... 2486 ... |Voltagerating ... 250........ V | Rated ime delay ... NZA . ms

SECTION K. OBSERVATIONS _

Referring 1o the attached schedules of inspection and test results, and subject to the limitations specified at the Exten and limitations of inspection
and festing section

No remedial action is required [ The following observations are made Bl (see below):

OBSERVATION(S) "ckde scheduie refrence. = spproprce CLASSIFICATION

:qgg
DOROO

A Damnge to.cable. for shower civcuit ccm No. ?) VN
—.conductors visible, arcing evident .. ... I | R

.2.Damage.to.cable. fﬂr i;ghtmg circuit (f.‘lrr..-Mn a) in. Iaft e | nlCo
.conductors visible....

ﬁﬁﬁiﬁiﬁﬁﬁfm”""'""‘H‘BHEIZEEEZEEE‘EKZE’QEEEEﬁEHf.’sa,:.ke“"""'""'EQEJHEH.’II.’IL’III:ﬁﬁ:.‘fﬁﬁ’..".ZI.'ZIIZI."ZIZII L.
.4.No_additional protection by RCD to lighting. civCuits............. | ..C3....

A A R R R R AR Sl S B A R - A A R A R R R 4 3 =5 A F-BARE

One of the following codes, as appropriate, has been allocated to each of the observations made above to indicate to the person(s) responsible for
the installation the degree of urgency for remedial action.

C1 - Danger presenl. Risk of injury. Immediate remedial action required

C2 - Polentially dangerous - urgent remedial action required

| C3 - Improvement recommended

FI - Further investigation required without delay

Page 2 of ..5.
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Figure G4.9(jii) Electrical Installation Condition Report — page 3

CONDITION REPORT INSPECTION SCHEDULE FOR

DOMESTIC AND SIMILAR PREMISES WITH UP TO 100 A SUPPLY
Note: This form is suitable for many types of smaller installation, not exclusively domestic.

OUTCONES [(coopiabie | s|Unacceptadle | Stale |improvement |Staie Further | o oy oo | wy |Limiation | L Mot appicatie | A

condition condibon €1 or C2 |recommended | C3 |investigafion
OUTCOME

. (Use codes above Provade addibonal

F DESCRIPTION comment whers appropriete
C1, €2, C3 and Fi coded dems Io be recorded
in Section K of the Condition Report)

1.0 | EXTERNAL CONDITION OF INTAKE EQUIPMENT (VISUAL INSPECTION ONLY) 2
1.1 _|Sendce cable v,
12 | Service head v
1.3 | Distributor's earthing amangement v,
14 | Meter tails v
1.5 | Metering equipment Ve
1.6 | Isolator (where present) v
2.0 [PRESENCE OF ADEQUATE ARRANGEMENTS FOR OTHER SOURCES SUCH AS

MICROGENERATORS (551.6; 551.7) N/A
3.0 [EARTHING / BONDING ARRANGEMENTS (411.3; Chap 54) )
3.1 | Presence and condition of distributor's earthing arrangement (542.1.2.1; 542.1.2.2) v
32 | Presence and condilion of earth electrode connection where applicable (542.1.2.3) N/A
3.3 | Provision of earthing/bonding labels at al appropriate locations (514.13.1) v
34 | Confirmation of earthing conductor size (542.3: 543.1.1) v":
35 | Accessibilly and condiion of earthing conductor at MET (543.3.2) v
36 | Confirmation of main protective bonding conductor sizes (544.1) v
3.7 | Condiion and accessibility of main protedive bonding conductor connections (543.1.2; 544.12) v
38 |Accessibilty and condiion of oher profective bonding connecions (543.3.1; 543.3.2) v
40 [CONSUMER UNIT(S)/ DISTRIBUTION BOARD(S) )
4.1 | Adequacy of working spacelsccessibility to consumer unit/distribution board (132.12; 513.1) v
42 | Security of fiing (134.1.1) v
43 | Condiion of enclosurefs) in terms of IP rating efc (416.2) v
44 | Condition of anclosure(s) in terms of fre raing efc (421.1.201, 526.5) v
45 | Enciosure not damagedideteriorated so as to impair safety (651.2) v
456 | Presence of main linked swilch (as required by 461.1.201) v,
47 | Operation of main switch (lunctional check) (643.10) v
48 | Manual operation of circuit-breakers and RCDs to prove disconnection (643.10) v,
49 | Corect identfication of circuit details and protedive devices (514.8.1: 514.9.1) v
4.10 | Presence of RCD six-monthly test notice at or near consumer unitidistribution board (514.12.2) C3
4.1 | Presence of non-standard (mixed) cable colour waming notice ator near consumer unitiistribution board (514.14) | v
412 | Presence of altemative supply waming notice t or near consumer unitidistibution board (514.15) N/A
4.13 | Presence of other required labelling (please specily) (Section 514) N/A
4.14 | Compatibility of protective devices, bases and other components: comect type and rating (No signs of v

unacceptable thermal damage, arcing or overheating) (411.3.2: 411.4: 411.5; 411.6: Sections 432, 433)
4.15 | Single-pote switching or protective devices in line conductors only (132.14.1: 530.3.2) v
4 18 | Protection against mechanical damage where cables enter consumer unitidistribution board (132.14.1; 522 8.1)

522.8.5; 522.8.11) q/:
417 | Protacion against slecromagnetic effects where cables enter consumer unitdistibution boardlendosures (521.5.1)| v
4.18 | RCD(s) provided for fault protection - includes RCBOs (411.4.204; 411.5.2: 531.2) C3
4.19 | RCD(s) provided for additional protection/requirements - includes RCBOs (411.3.3; 415.1) C3
4.20 | Confirmation of indication that SPD is functional (851.4) N/A
421 | Confirmation that ALL conducior connections, including conneciions 1o busbars, are correctly located in o

terminals and ane tight and secure (526.1)
422 | Adequate amangements where a generaling set aperates as a swilched allemative o the public supply (551.8) | N/ A
4.23 | Adequate amangements where & generating sel operates in parallel with the public supply (551.7) N/7A

Page .=.. of . 2.
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¥ Figure G4.9(iv) Electrical Installation Condition Report — page 4
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Acceptable Unacceptable | Stafe |improvement | State |Further :
uurmmlw flm o oo isd mmnmmmm LllImmm
OUTCOME
ITEM| {Use codes above. Provide additional
NO DESCRIPTION comment where appropriale.
C1, C2. C3 and Fi coded fems fo be reconded
in Section K of the Condition Report)
j.'l m@.mn: .
_5_1 deﬁu.a_q v,
52 |Cables comectly supported throughout ther run (522.8.5; 522.10.202) v 4
(53 [Condition of insulation of live parts (416.1) C1
54 | Non-sheathed cables protecied by enclosure in conduit, ducting or frunking (521.10.1) N/A
L To inchude he integrity of conduit and trunking systems (mellic and plastc) N7A
55| Adequacy of cables for current-camying capacity with regard for the type and nature of imstallation (Seclion 523]| 4/,
(56 | Coordination between conduclors and overload protective devices (433.1; 533.2.1) v
57 |Adequacy of protecive devices: type and rated current for faull protection (411.3) v 4
(58 | Presence and adequacy o circut protective conductors (411.3.1) v 4
59 | Wiring system(s) appropriate for the fype and nature of the installation and extemal influences (Secton 522) | (@ 1.
5,10 | Concealed cables installed in prescribed zones (see Section D. Exfent and limitations) (522.6.202) v
T . : . -
_5 %mwﬂmﬁmﬁmmmmm&yﬂmdwmmﬂm s
5.12 | Provision of additional requirements for protection by RCD not exceeding 30 mA:
= for all socket-outlets of rating 32 A or less, unless an excepiion is pemmitied (411.3.3) P}
» for the supply of mobile equipment not exceeding 32 A rating for Use ouIdDors (411.3.3)
» for cables concealed in walls at 2 depth of less than 50 mm (5226202, 203) ?
» for cables concealed in walls/partfions containing metal parts regardiess of depih (522 6.203) v
= Final arcults supphying kuminaires within domestic (household) premises (4113 4)
(.13 [ Prowision of fre bamiers, sealing arangements and proteciion agains hemal elecs [Secion 527) 5’
%14 | Band I cables segregated/separaed rom Band | cables [525.1) ~
515 | Cables segegaiedseparaied From communications cabing (5252 Y
516 Emwdmhnmmmmj Y
17 | Termination of cablles al endosures — ndicate exient of samgling in Secion D of the report (Seciion 526)
» Connecions soundly made and under no undue srain (526 5) v
- hymmd-mmmmmﬁm .,{:_
s Connections of live conducions adequaisly endosed (526.5) v
* Adequately connecied at point of entry to enclosure [glands, bushes et ) (522.8.5) v
5.18 | Condition of accessones mchuding sockel-ouliets, switches and joint boxes (551.21Y)) v 4
5.19 | Suabiity of accessones for exiemal infuences (512.2) v,
5.20 | Adequacy of working space/accessibility o equipment {13212 513.1) v
5.21 | Single-pole switching or protective devices in line conductors only (132.14.1, 530.3.2) v
6.0 | LOCATION(S) CONTAINING A BATH OR SHOWER
6.1 | Additional protection for all low voltage (LV) circuits by RCD not exceeding 30 mA (701.411.3.3) s
6.2 | Where used as a prolective measure, requirements for SELV or PELV met (701.414.4.5) N/A
6.3 | Shaver sockets comply wilh BS EN 61558-2-5 formerly BS 3535 (701.512.3) N7A
64 | Presence ol supplementary bonding conductors, unless not required by BS 76712016 (701.415.2) v
B.5 | Low voltage (e.9. 230 voll) socket-oullets sited at leas! 3 m from zone 1 (701.512.3) N7A
66 _s.duhinyﬁmmmmmmmmshmmmmnmnmmnm.mz} v
B.7 | Sultability of accessones and controlgear etc. for @ pasticular zone (701.512.3) v 4
6.8 | Sultabiity of cuent-using eguipment for particular position within the location [701.55) v a4
7.0 [OTHER PART 7 SPECIAL INSTALLATIONS OR LOCATIONS
7 List al other special nstallations or locations present, i any. (Record separately the results of particular N/A
inspections applied }
Nome (Capitats) CLIVE JENKIN  gonpre . Clive Jenkin 1.0 2-July-2018
Page 4. of 2.
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V¥ Figure G4.9(v) Generic schedule of test results — Electrical Installation Condition Report — page 5

GENERIC SCHEDULE OF TEST RESULTS

xipuaddy | N

DB reference no G 1. Details of circuits and/or installed equipment vulnerable tﬂdamaga when | Details of test instruments used (state serial and/or asset numbers)
Location .........KiEchen, Bmfar cupbﬁard tosing ... T e T N 2 Yt 2 & S
Z.at [-"Bllﬂl 016 D:mmung Eqmment in. fl:tunge cnvennssreenn | INSUIAHON TESISANCE ..ov.vvsvvvs v oo sere s s sesssvssssse v s s sess st snss srse
Lt DB RS R e | e e A S e R e e serreioien | | SR ARTOOE IDNTORE it o e e
Correct supply pularlt}rcunflrmed E" .............................................................................................................................. Y- i T — < SO —
Phase sequence confirmed (whers appropriate) A« rressssssussisssmssssmsnsssssissis s s oo Earth glectrode resistante .......lNZB ..o
Tested by: Test results
NK| o
Name (Capitals) F’CJEN — oty (8| ool || rop |aro "
Signature ......C.JeNKIN ... Date .2/OT{2018 ... | cicuit continuity {H::;"'l:lﬁ?} §§ Resistance | B | () (continue on a separate
Circutt details ) ok |SE| MO | E sheet if necessary)
Protective device Conductor delails g

" = i
a - E = L] g
E |  CircutDescripion | = Z |2z = |28\ 8y E|E g|&|g|@ S| & _g% iglgs |28
B = g 4 32 8 =E|E5| o g [ = 2 E = | ® | @ R8|8% ok ='§
S 2 |S|E|E8| 2 |2E@2| S| g|lc|E|lT|lE|@|=>|5F|3 SEZE|SE |83

1 2 3 4 -] B i -] ] Lt n 12 13 14 15 18 1" 18 1% o Fi| £ £ i |
1 |Ring sockets downstairsleoses] B | 32| & |[N/A|1.37 € [2.5| 1.5 [p.48|0.48 0.790.31|N/A|sook299-29 9 1/.::.43 NAAIN/A| NSA
2 |Ring sockets upstairs feosas| B | 32| 6 |nra|1.37 ¢ |2.5| 1.5 [p33|osz0.540.22|N/A| 500299294  lo.38|NsAlnzA| N/A
3 |Ring sockets kitehen & utilityleogag B | 32 | & [N/A|1.37 € [2.5]| 1.5 || 07| O7 [1.150.46|N/A|500k299+2949 ‘./G.E-E N/A|NAA| NJA
4 |Lights upstairs eosagl B | & | e [N/A|1.37 ¢ |1.0|1.0 [N/A|N/A|N/APB.O7|N/A|SOO299+299 o |3.24|N/ZA|N/A| N/ZA
5 |Lights downstairs & utility|eécsqas B & @ |[N/A|L37 C |[1.0]| 1.0 ||NAA[N/A| N/A| 3.8 [N/A|SOOK299+2949 JE.I‘&'& NAAIN/A| N/A
& |Lights garage eosasl B | & | & |[NA|137 € |1.0] 1.0 [N/A|N/A| N/Al. 36| N/A| soolr299294 v |o.52|N/A|NZA| NZA
7 [Shower (8 kw) eogqsl B | 40| & |[NJA|L37 C |[e.0| 2.5 ||N/A|NFAIN/AID.IS|N/A | SOO299+294 \/".:}_-_r,j_ NAAIN/A| NJA
B |Spare

Page . of .2,

Note: One schedule of test results will be issued for every consumer unit or distribution board



Appendix

Standard circuit

arrangements for
household and similar
installations

H1 Introduction

This appendix gives advice on standard circuit arrangements for household and similar
premises. The circuits provide guidance on the requirements of Chapter 43 for overload
protection and Section 537 of BS 7671 for isolation and switching. Reference must also
be made to Section 7 and Table 7.1(i) for cable csa, length and installation reference
method.

It is the responsibility of the designer and installer when adopting these circuit
arrangements to take the appropriate measures to comply with the requirements of
other chapters or sections which are relevant, such as Chapter 41 'Protection against
electric shock!, Chapter 54 'Earthing arrangements and protective conductors' and
Chapter 52 'Selection and erection of wiring systems'.

Circuit arrangements other than those detailed in this appendix are not precluded when
specified by a competent person, in accordance with the general requirements of
Regulation 314.3.

H2 Final circuits using socket-outlets complying
with BS 1363-2 and fused connection units
complying with BS 1363-4

H2.1 General

In this arrangement, a ring or radial circuit, with spurs if any, feeds permanently connected
equipment and a number of socket-outlets and fused connection units.

The floor area served by the circuit is determined by the known or estimated load and
should not exceed the value given in Table H2.1.
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431204 A single 30 A or 32 A ring circuit may serve a floor area of up to 100 m”. Socket-
outlets for washing machines, tumble dryers and dishwashers should be located so as
to provide reasonable sharing of the load in each leg of the ring, or consideration should
be given to separate circuits.

<=z 17 The number of socket-outlets provided should be such that all equipment can be

supplied from an adjacent accessible socket-outlet, taking account of the length of flex
normally fitted to portable appliances and luminaires. See H7.

Diversity between socket-outlets and permanently connected equipment has already

been taken into account in Table H2.1 and no further diversity should be applied, see
Appendix A of this Guide.

¥ Table H2.1 Final circuits using BS 1363 socket-outlets and connection units

Minimum live conductor
% 2
cross-sectional area* (mm”)

Copper
Overcurrent conductor Copper
protective thermoplastic or conductor Maximum
device rating  thermosetting  mineral insulated floor area
Type of Circurt (A) insulated cables cables served (m")

5 5 6

Al Ring 30 or 32 25 1.5 100
A3 Radial 20 25 1.5 50
. See Section 7 and Table 7.1(1) for the minimum csa for particular installation reference methods. It

is permitted to reduce the values of conductor cross-sectional area for fused spurs.

Where two or more ring final circuits are installed, the socket-outlets and permanently
connected equipment to be served should be reasonably distributed among the circuits.

H2.2 Circuit protection
Table H2.1 is applicable for circuits protected by:

» fuses to BS 3036, BS 1361 and BS 88, and
» circuit-breakers:

— Types B and C to BS EN 60898 or BS EN 61009-1
— BS EN 60947-2
— Types 1, 2 and 3 to BS 3871.
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H2.3 Conductor size

The minimum size of conductor cross-sectional area in the circuit and in non-fused spurs
IS given in Table H2.1, however, the actual size of cable is determined by the current-
carrying capacity for the particular method of installation, after applying appropriate
rating factors from Appendix F, see Table 7.1(i). The as-installed current-carrying capacity
(1) so calculated must be not less than:

» 20 A for ring circuit Al

» 30 A or 32 A for radial circuit A2 (i.e. the rating of the overcurrent protective
device)

» 20 A for radial circuit A3 (i.e. the rating of the overcurrent protective device).

The conductor size for a fused spur is determined from the total current demand served
by that spur, which is limited to a maximum of 13 A.

Where a fused spur serves socket-outlets the minimum conductor size is:

» 1.5 mm’ for cables with thermosetting or thermoplastic (PVC) insulated cables,
copper conductors
» 1 mm’ for mineral insulated cables, copper conductors.

The conductor size for circuits protected by BS 3036 fuses is determined by applying

the 0.725 factor of Regulation 433.1.202, that is the current-carrying capacity must be at
least 27 A for circuits Al and A3, 41 A for circuit A2.

H2.4 Spurs

The total number of fused spurs is unlimited but the number of non-fused spurs should

not exceed the total number of socket-outlets and items of stationary equipment
connected directly in the circuit.

In an Al ring final circuit and an A2 radial circuit of Table H2.1 a non-fused spur should
feed only one single or one twin or multiple socket-outlet or one item of permanently
connected equipment. Such a spur should be connected to the circuit at the terminals
of a socket-outlet or junction box, or at the origin of the circuit in the distribution board.

A fused spur should be connected to the circuit through a fused connection unit, the

rating of the fuse in the unit not exceeding that of the cable forming the spur and, in any
event, not exceeding 13 A.

H2.5 Permanently connected equipment

Permanently connected equipment should be locally protected by a fuse complying with
BS 1362 of rating not exceeding 13 A or by a crrcuit-breaker of rating not exceeding 16 A
and should be controlled by a switch, where needed (see Appendix J). A separate switch
IS not required if the circuit-breaker is to be used as a switch.
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H3 Radial final circuits using 16 A socket-
outlets complying with BS EN 60309-2
(BS 4343)

H3.1 General

Where a radial circuit feeds equipment the maximum demand of which, having allowed
for diversity, is known or estimated not to exceed the rating of the overcurrent protective
device and in any event does not exceed 20 A, the number of socket-outlets is unlimited.

H3.2 Circuit protection

The overcurrent protective device should have a rating not exceeding 20 A.

H3.3 Conductor size

The minimum size of conductor in the circuit is given in Tables H2.1 and 7.1(i). Where
cables are grouped together the limitations of 7.2.1 and Appendix F apply.

H3.4 Types of socket-outlet

Socket-outlets should have a rated current of 16 A and be of the type appropriate
to the number of phases, circuit voltage and earthing arrangements. Socket-outlets
incorporating pilot contacts are not included.

H4 Cooker circuits in household and similar
premises

The circuit supplies a control switch or a cooker unit complying with BS 4177, which may
incorporate a socket-outlet.

The rating of the circuit is determined by the assessment of the current demand of the
cooking appliance(s), and cooker control unit socket-outlet if any, in accordance with
Table Al of Appendix A. A 30 or 32 A circuit is usually appropriate for household or
similar cookers of rating up to 15 kW.

A circuit of rating exceeding 15 A but not exceeding 50 A may supply two or more
cooking appliances where these are installed in one room. The control switch or cooker
control unit should be placed within 2 m of the appliance, but not directly above it.
Where two stationary cooking appliances are installed in one room, one switch may be
used to control both appliances provided that neither appliance is more than 2 m from
the switch. Attention is drawn to the need to provide selective (discriminative) operation
of protective devices as stated in Regulation 536.3.
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H5 Water and space heating

Water heaters fitted to storage vessels in excess of 15 litres capacity, or permanently
connected heating appliances forming part of a comprehensive space heating installation,
should be supplied by their own separate circuit.

Immersion heaters should be supplied through a switched cord-outlet connection unit
complying with BS 1363-4.

H6 Height of switches, socket-outlets and
controls

55315 The Building Regulations of England and Wales and of Scotland require switches and
socket-outlets in new dwellings to be installed so that all persons including those whose
reach is limited can easily use them. A way of satisfying the requirement is to install
switches, socket-outlets and controls throughout the dwelling in accessible positions
at a height of between 450 mm and 1200 mm from the finished floor level — see
Figure H6. Because of the sensitivity of circuit-breakers, RCCBs and RCBOs fitted in
consumer units, consumer units should be readily accessible.

(In areas subject to flooding, meters, cut-outs and consumer units should preferably be
fixed above flood water level.)

¥ Figure H6 Height of switches, socket-outlets, etc.

maximum

minimum
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Appendix
H7 Number of socket-outlets

Sufficient socket-outlets are required to be installed so that all equipment likely to
be used can be supplied from a reasonably accessible socket-outlet, taking account
of the length of flexible cable normally fitted to portable appliances and luminaires.
Table H7 provides guidance on the number of socket-outlets that are likely to meet this
requirement.

In Scotland, mandatory standard 4.6 requires that every building must be designed and
constructed in such a way that electric lighting points and socket-outlets are provided
to ensure the health, safety and convenience of occupants and visitors. The Building
Standards Division of the Scottish Government make recommendations for the number
of socket-outlets that should be installed in a domestic premises in section 4.6.4 of the
domestic technical handbook as follows:

» kitchen — 6 (at least 3 above worktop height)
» other habitable rooms — 4

» plus at least 4 more throughout the property including at least one per
circulation area per storey.

The socket-outlets may be either single or double.

¥ Table H7 Minimum number of twin socket-outlets to be provided in homes

Room type Smaller rooms Medium rooms Larger rooms
(up to 12 m?) (12-25 m?) (more than 25 m?)

Bed-sitting room 4 5 6

Utility room 3 4 5

Garages 2 3 4

Hallways and landings 1 2 3
N
wmm a bath or Soe Note 3

Note: With certain exceptions, all socket-outlets are required to be protcted by a 30mA RCD in
accordance with BS 7671 (IET Wiring Regulations).

Thanks to Electrical Safety First and the Electrical installation Forum.
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Notes to Table H7:

1 KITCHEN - If a socket-outlet is provided in the cooker control unit, this should not be included in the
6 recommended in the table above. Appliances built into kitchen furniture (integrated appliances)
should be connected to a socket-outlet or switch fused connection unit that is accessible when
the appliance is in place and in normal use. Alternatively, where an appliance is supplied from a
socket-outlet or a connection unit, these should be controlled by an accessible double pole switch or
switched fused connection unit. It is recommended that wall mounted socket-outlets above a work
surface are spaced at not more than 1 metre intervals along the surface.

2 HOME ENTERTAINMENT - In addition to the number of socket-outlets shown in the table it is
recommended that at least two further double socket-outlets are installed in home entertainment
areas.

3 LOCATIONS CONTAINING A BATH OR SHOWER - Socket-outlets other than SELV socket-outlets
and shaver supply units complying with BS EN 61558-2-5 are prohibited within a distance of 3 m
horizontally from the boundary of zone 1 e.g. 230 V socket-outlets in a bathroom must be installed a
minimum 3 m from the edge of the bath, BS 7671 (IET Wiring Regulations) refers.

4 ELECTRIC VEHICLE CHARGING - Electric vehicle charging should be from a single socket-outlet via a
dedicated circuit provided for the connection to electric vehicles. This dedicated circuit must conform
to the relevant requirements in BS 7671 section 722 “Electric Vehicle Charging Installations”, which

includes the specification of socket-outlets and connectors for the charging point. See also IET Code
of Practice for Electric Vehicle Charging Equipment Installation.

H8 LED lighting

Installers will quite correctly select and install energy efficient lighting to comply with
Part L of the Building Regulations, to improve the efficiency of the installation and to
minimise energy costs to the client.

Incandescent lighting was commonly replaced by Compact Fluorescent Lamps (CFLs)
and these in turn are being replaced by Light Emitting Diodes (LED) lamps. The
advantage of LED lamps over CFL lamps is they do not require a warm-up period to
enable full brightness and they are generally more efficient in terms of lumens per watt.

In addition to efficiency, LED lamps are available in various colour temperatures for
different applications and client preference.

Manufacturers of LED lamps will claim a product life of up to 25,000 hours depending
on the manufacturer and model range. Generally, the cost of the lamp will dictate
performance and life expectancy. LED lamps are produced for every type of lampholder,
application and are available for both mains voltages and extra-low voltage (ELV). Lamps
for use on mains voltages will have a small power supply built into the individual lamp
base whilst ELV lamps will be supplied from a separate lamp driver power supply. When
selecting lamps and drivers where dimming is required, it is important to select types
that are specified as dimmable by the manufacturer.

Although manufacturers and suppliers are claiming very long life for their LEDs and
drivers, contractors are reporting very early failures and much shorter product life.
Installers should carefully read the manufacturer’s product sheet to ensure that they are
installed in accordance with the manufacturer’s specification. Designers and installers
are required to comply with BS 7671 Regulation 134.1.1 which states, “The installation
of electrical equipment shall take account of manufacturers’ instructions”
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One reason for early failure is when drivers and recessed downlighters are installed in
ceilings and are covered with, or touching, thermal or acoustic insulation. This may cause
the driver or lamp to overheat, which leads to early failure. Insulation should be kept clear

of drivers and lamps and installers should consider using proprietary displacement boxes
to achieve this separation.

Another reason for early failure of drivers and LED lamps is that they are not suitable
for the supply voltage prevailing on the installation. Many manufacturers will specify a
maximum operating voltage of 230 V or 240 V but Appendix 2 of BS 7671:2018 shows
nominal voltage of 230 V with permitted tolerances of +10 % / —6 %, meaning that the
supply voltage at the incoming terminals of an electrical supply provided in accordance
with ESQCR can be between the limits of 216.2 — 253.0 volts.
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Appendix

Resistance of copper
and aluminium
conductors

42455 10 check compliance with Regulation 434.5.2 and/or Regulation 543.1.3, ie. to

54313 evaluate the equation S* = I°t/k’, it is necessary to establish the impedances of the
circuit conductors to determine the fault current | and hence the protective device
disconnection time t.

Fault current | = Uy/Zs

where:
U, is the nominal voltage to earth
Zs is the earth fault loop impedance
and

Ls=Zo+ (R, +R)

where:
s is that part of the earth fault loop impedance external to the circuit concerned
R, is the resistance of the line conductor from the origin of the circuit to the point
of utilization
R, is the resistance of the protective conductor from the origin of the circuit to the

point of utilization.

Similarly, in order to design circuits for compliance with BS 7671 limiting values of earth
fault loop impedance given in Tables 41.2 to 41.4, it is necessary to establish the relevant
impedances of the circuit conductors concerned at their operating temperature.

Table I gives values of (R, + R)) per metre for various combinations of conductors up to
and including 35 mm” cross-sectional area. It also gives values of resistance (milliohms)
per metre for each size of conductor. These values are at 20 °C.
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V¥ Tablell  Values of resistance/metre or (R, + R,y/metre for copper and
aluminium conductors at 20 °C

Cross-sectional area (mm®) Resistance/metre or
(R, + R )/metre (mQ/m)

Line conductor Protective Aluminium
conductor

25 - 7.41

2.5 1 25.51
2.5 15 19.51
25 25 14.82

6 - 3.08
6 25 10.49
6 4 7.69
6 B 6.16

16 = 115 1.91
16 6 423 -

35 - 0.524 0.87
35 16 1.674 2.78
35 25 1.251 2.07
35 35 1.048 1.74
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¥V Tablel2 Ambient temperature multipliers to Table I1

Expected ambient temperature (°C) Correction factor*
5 0.94
{ 0.98
25 1.02

*  The correction factor is given by {1 + 0.004(ambient temp — 20 °C)} where 0.004
is the simplified resistance coefficient per °C at 20 °C given by BS EN 60228 for
copper and aluminium conductors.

Verification

For verification purposes the designer will need to give the values of the line and circuit
protective conductor resistances at the ambient temperature expected during the tests.
This may be different from the reference temperature of 20 °C used for Table 11. The
rating factors in Table 12 may be applied to the values to take account of the ambient
temperature (for test purposes only).

Multipliers for conductor operating temperature

1able 41> Table 13 gives the multipliers to be applied to the values given in Table I1 for the purpose

Table 41.3  of calculating the resistance at maximum operating temperature of the line conductors
and/or circuit protective conductors in order to determine compliance with, as applicable,
the earth fault loop impedance of Table 41.2, Table 41.3 or Table 41.4 of BS 7671.

Table 214 Where it is known that the actual operating temperature under normal load is less than
the maximum permissible value for the type of cable insulation concerned (as given in
the tables of current-carrying capacity) the multipliers given in Table I3 may be reduced
accordingly.
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¥V Table13  Multipliers to be applied to Table 11 to calculate conductor resistance
at maximum operating temperature (note 3) for standard devices

(note 4)
Conductor installation Conductor insulation
70 °C 90 °C 90 °C
Thermoplastic Thermoplastic Thermosetting

(PVC) (PVC)

Not incorporated in a cable 1.04 1.04 1.04

and not bunched (note 1)

Notes:

Tablesas 1 See Table 54.2 of BS 7671, which applies where the protective conductor is not incorporated or
' bunched with cables, or for bare protective conductors in contact with cable covering.

Table 54.3 . : : ! : ;
See Table 54.3 of BS 7671, which applies where the protective conductor is a core in a cable or is
bunched with cables.

3 The multipliers given in Table 13 for both copper and aluminium conductors are based on a
simplification of the formula given in BS EN 60228, namely that the resistance-temperature
coefficient is 0.004 per °C at 20 °C.

4 Standard devices are those described in Appendix 3 of BS 7671 (fuses to BS 1361, BS 88, BS 3036,
circuit-breakers to BS EN 60898 types B, C, and D) and BS 3871-1.
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Selection of devices for
isolation and switching

rable537.24 ¥ TableJ1  Guidance on the selection of protective, isolation and switching
devices, reproduced from BS 7671

Standard Isolation” Emergency Functional
switching”  switching”
Switching device BS EN 50428 No No Yes
BS EN 60669-1 No Yes Yes
BS EN 60669-2-1 No No Yes
BS EN 60669-2-2 No Yes Yes
BS EN 60669-2-3 No Yes Yes
BS EN 60669-2-4 Yes” Yes Yes
BS EN 60947-3 Yes"” Yes Yes

BS EN 60947-5-1 No Yes Yes

Circuit-breaker 'BS EN 60898 Yes Yes Yes
BS EN 609472 Yes™? Yes Yes

'BS EN 61009-1 Yes® Yes Yes

Isolating switch BS EN 60669-2-4 Yes® Yes Yes
BS EN 60947-3 Yes™? Yes Yes

Plug and socket-outlet  BS EN 60309 Yes” No No
(>32A)
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Device Standard Isolation” Emergency Functional
switching”  switching”
Device for the ~ BSEN61995-1 Yes” No No
‘connection of luminaire

Fuse BS 88 series Yes No No

Plug and switched BS 1363-1 Yes®
BS 1363-2 Yes”

Switched fused BS 1363-4 Yes™ Yes Yes

Yes = Function provided, No = Function not provided

M Function provided if the device is suitable and marked with the symbol for isolation (see IEC 60617
identity number S00288) __/—

2) .
537.3.3.6 See Regulation 537.3.3.6.

() Device is suitable for on-load isolation, 1.e. disconnection whilst carrying load current.

462.2 ) In an installation forming part of a TT or IT system, isolation requires disconnection of all the live
’ conductors. See Regulation 462.2

() Circuit-breakers and RCDs are pnmanly arcuit protective devices and, as such, they are not
intended for frequent load switching. Infrequent switching of circuit-breakers on-load is -EIdI'I'IISSIbiE
for the purposes of isolation or emergen{:y switching.For a more frequent duty, the number of
operations and load characteristics according to the manufacturer’s instructions should be taken
into account or an altemative dewice from those listed as suitable for functional switching in
Table 537.4 should be employed.

Note 1: An entry of (1,3) means that the device is suitable for on-load isolation only if it is marked
with the symbol for on-load isolation —/g—

Note 2: In the above table, the functions provided by the devices for isolation and switching are
summarized, together with an indication of the relevant product standards.
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Identification of
conductors

K1 Introduction

The requirements of BS 7671 were harmonized with the technical intent of CENELEC
Standard HD 384.5.514: Identification, including 514.3: Identification of conductors
(now withdrawn).

Amendment No 2:2004 (AMD 14905) to BS 7671:2001 implemented the harmonized
cable core colours and the alphanumeric marking of the following standards:

» HD 308 S2:2001 Identification of cores in cables and flexible cords
» BS EN 60445:2017 Basic and safety principles for man—machine interface,
marking and identification of equipment and terminals and of terminations

This appendix provides guidance on marking at the interface between old and harmonized
colours, and general guidance on the colours to be used for conductors.

British Standards for fixed and flexible cables have been harmonized (see Table K1).
BS 7671 has been modified to align with these cables but also allows other suitable
methods of marking connections by colours, e.g. tapes, sleeves or discs, or by
alphanumerics, i.e. letters and/or numbers. Methods may be mixed within an installation.
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¥ Table K1 Identification of conductors (Harmonized)

Function Alphanumeric  Colour

Two-wire unearthed DC power circuit
Positive of two-wire circuit L+ Brown
Negative of two-wire circuit L Grey

Outer positive of two-wire circuit derived from L+ Brown
m% two-wire circuit derived from = Grey
Positive of three-wire circuit L+ Brown
Mid-wire of three-wire circuit"” M Blue
Negative of three-wire circuit — Grey

Notes:

1 Power circuits include lighting circuits.

2 M identifies either the mid-wire of a three-wire DC circuit, or the earthed conductor of a two-wire
earthed DC arcuit.

3 Only the middle wire of three-wire circuits may be earthed.

4 An earthed PELV conductor is blue.
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Table 7A

Appendix K

K2 Addition or alteration to an existing
installation

K2.1 Single-phase

An addition or alteration made to a single-phase installation need not be marked at the
interface provided that:

(a) the old cables are correctly identified by the colours red for line and black for
neutral, and

(b) the new cables are correctly identified by the colours brown for line and blue
for neutral.

K2.2 Two- or three-phase installation

Where an addition or alteration is made to a two- or a three-phase installation wired in
the old core colours with cable to the new core colours, unambiguous identification is
required at the interface. Cores shall be marked as follows:

Neutral conductors

Old and new conductors: N

Line conductors

Old and new conductors: LL 12,13

V¥V TableK2 Example of conductor marking at the interface for additions and
alterations to an AC installation identified with the old cable colours

Function Old conductor New conductor

Colour Marking Marking Colour
Line 1 of AC Red L1 L1 Brown*

Line 3 of AC Blue L3 L3 Grey*
Protective Green-and- Green-and-
conductor Yellow Yellow

* Three single-core cables with insulation of the same colour may be used if identified at
the terminations.
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Table 7B
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Appendix

K3 Switch wires in a new installation or
an addition or alteration to an existing
installation

Where a two-core cable with cores coloured brown and blue is used as a switch wire,
both conductors being line conductors, the blue conductor should be marked brown or
L at its terminations.

K4 Intermediate and two-way switch wires in a
new installation or an addition or alteration
to an existing installation

Where a three-core cable with cores coloured brown, black and grey is used as a switch
wire, all three conductors being line conductors, the black and grey conductors should
be marked brown or L at their terminations.

K5 Line conductors in a new installation or
an addition or alteration to an existing
installation

Power circuit line conductors should be coloured as in Table K1. Other line conductors
may be brown, black, red, orange, yellow, violet, grey, white, pink or turquoise.

In a two- or three-phase power circuit, the line conductors may all be of one of the
permitted colours, either identified L1, L2, L3 or marked brown, black, grey at their
terminations.

K6 Changes to cable core colour identification

¥ Table K6(i) Cable to BS 6004 (flat cable with bare cpc)

Cable type Old core colours New core colours

Single-core + bare cpc Red or Black Brown or Blue

Alt. two-core + bare cpc Red, Red Brown, Brown
On-Site Guide
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Appendix K

rable 7¢c ¥ Table K6(ii) Standard 600/1000 V armoured cable BS 6346, BS 5467 or BS 6724

Cable type Old core colours New core colours
Single-core Red or Black Brown or Blue

Three-core Red, Yellow, Blue Brown, Black, Grey
Five-core Red, Yellow, Blue, Black, Brown, Black, Grey, Blue,

rable 7o ¥ Table K6(iii) Flexible cable to BS 6500

Cable type Old core colours New core colours

Two-core Brown, Blue ‘No change

K7 Addition or alteration to a DC installation

Where an addition or alteration is made to a DC installation wired in the old core colours
with cable to the new core colours, unambiguous identification is required at the
interface. Cores should be marked as follows:

Neutral and midpoint conductors

Old and new conductors: M
Line conductors
Old and new conductors: Brown or Grey, or L+ or L-
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rable7e ¥ Table K7  Example of conductor marking at the interface for additions and
alterations to a DC installation identified with the old cable colours

Function Old conductor New conductor

Colour  Marking Marking Colour

Two-wire unearthed DC power circuit
Positive of two-wire circuit Red L+ L+ Brown
Negative of two-wire circuit Black L- L— Grey

Outer positive of two-wire circuit derived from  Red L+ L+ Brown
three-wire system

Outer negative of two-wire circuit derived from  Red - - Grey
three-wire system

Positive of three-wire circuit Red L+ L+ Brown
Mid-wire of three-wire circuit Black M M Blue
Negative of three-wire circuit Blue - L- Grey
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Appendix

Degrees of protection

provided by enclosures
(IP code)

The requirements of the IP code are giuen In BS EN 60529:1992+A2:2013. For more
information see Guidance Note 1: Selection and Erection.

The degree of protection provided by an enclosure is indicated by two numerals followed
by an optional additional letter and/or optional supplementary letter(s) as shown in
Figure L1.

V¥ Figure L1 [P code format

IP 2 3 C H

Code letters
(international protection)

First characteristic numeral
(numerals O to 6, or letter X)

Second characteristic numeral
(numerals O to 8, or letter X)

Additional letter (optional)
(letters A, B, C, D)

Supplementary letter (optional)
(letters H, M, S, W)

For the purposes of this Guide, IP codes cited are defined as follows:

IP2X Penetration by a solid foreign object >12.5 mm in diameter shall not
be possible.

IPXXB Access of a finger shall not be possible.

IP2XC Penetration by a solid foreign object >12.5 mm in diameter shall not

be possible. Additionally, an inserted 2.5 mm” probe of 100 mm in
length shall have adequate clearance from live parts.
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L Appendix

IP4X Penetration by a solid foreign object > 1.0 mm in diameter shall not
be possible.

IPXXD Access by a 100 mm length of wire with CSA of 1.0 mm” shall not
be possible.

IPX4 Water splashed against the enclosure from any direction will not
affect the equipment.

IPX5 Water jets directed against the enclosure from any direction will not

affect the equipment.

IPX7 Temporarily immersed enclosure, ingress of water shall not cause
harmful effects to the equipment.
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Additional protection

inspection

omission of additional
protection

provision by RCD

supplementary
equipotential bonding

testing
Additions and alterations

Alphanumeric
identification of
conductors

Alternative supplies,
warning notice

Automatic disconnection
(ADS)

Bands | and I,
segregation

Basic protection

9.2.2(h)(iv);
G3.2

o SR,

B M W b
3.41.1:76;
8.1; 8.3.1;
8.3.2

4.7
115
1.8

Table K1

6.13

i . % S o )
9.2.2(h)(iii);
Table G4.8

14.1; 74.2,
716

241, 34.1.1,
3.4.3; 9.2.2(h)

Bath/shower

additional protection
by supplementary
equipotential
bonding

cubicle not in
bathroom

general

protection by RCDs

summary of
requirements

underfloor heating

zone diagrams

Bending radii of cables

Bonding

distributor's
requirement

general

generator

labelling

4.7, 4.8

8.2

3.6.1(d); 3.6.3;
7.2.5(d); 8;
Table 3.4.3

3.6.1; 3.6.3;
7.2.5(d)

8.1: Table 8.1;
8.5.1

Figs 8.1())—(ii)
Table D5

A

13

La: 8l
9.2.2(h)(ii);
9.3.1; 10.2.1;
10.3.1; 10.3.6;
G3.2;G44

2453
6.4
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main protective
equipotential

supplementary
equipotential
bonding

BS 1363 socket-outlets
Building logbook
Building Regulations

C
Cable
communications

floors and ceilings

grouping

in thermal insulation
lengths, maximum

current-carrying
capacity

selection

separation distances

supports/bends

walls and partitions
Capacities

conduit

trunking

Ceilings, cables above

Certificates

Charge retention, warning

label

On-Site Guide

4.5:4.4;
45

4.6;
Table 4.6;
47:48

8.1, Appx H
Foreword

1.2

142
7.3.1

1.2.1;
Table E5
note (b)

Table 7.1(iir)
Table 7.1(i)

Table 7.1(ii);
Appx F

Appx C

Tables
7.4.2(1), (i)

Appx D
7.3.2

Appx E
Appx E

131
Tables

7.1(w), (i)
9.1; Appx G

6.1

© The Institution of Engineering and Technology

Circuit protective
conductors

continuity test
Circuit-breakers

application

short-circuit capacity

Class | and Class Il
equipment

Colours, cable core
Communications cables

Competent persons

Conductor cross-sectional

area

Conduit
capacities
supports

Consumer unit

split

with RCBOs
Controlgear
Cooker circuit

Corrosion of cable

Current-carrying capacity

Cut-out

distributor’s

Degrees of protection
(IP code)

Departures

10.3.1; Appx B
10.3.11

Table 7.2.7(ii)
Table 7.2.7(i)

2.26; 24.1,;
8.3.2;, G3.2

Appx K
74.2

Preface;
Foreword

Table 7.1(i1)

Appx E
Table D3

2.25; 2.2.6;
33

Figs 3.6.3
(n)/(ir)

Fig 3.6.3(i)
2.25;6.2
H4

Appx C
Appx F

1.1(0); 1.3(e);
2.9

Appx L

1.4,
Table G4.8



Devices, selection of
isolation and switching
protective

Diagrams

Disconnection times

Distribution board
Distributor (definition)
Diversity

Earth electrode
testing

Earth fault current
protection

Earth fault loop
impedance

testing

Earthing and bonding
conductor size

equipotential bonding,
supplementary

gas service pipe,
metallic

generator reference

high protective
conductor current

label

Appx J
127
6.10

3.5; 7.1(h);
7127
Appx B

3.1;6.14
1.1
Appx A

1.1(d); 2.4.3;
4.2;49;4.10

10.3.5;
Fig 10.3.5.2

5.3

1.1(d); 1.3(d);
2.2.6; 36.1(a);
49: 7.2.5;
3 3

Table 7.1(i)
note 1, Appx B

9.3.1(e);
10.3.6

il
4.4

46:;
Table 4.6;
4748

44
243

75
Fig 6.4

oil service pipe,
metallic

TN-C-S
TN-S
i

typical arrangements

water service pipe,
metallic

Electric shock, protection
against

Electrical Installation
Certificates

Electricity at Work
Regulations

EMC

Emergency switching off

Enclosures, IP code for

Escape routes, wiring
systems in

External cables and
telecommunications

F

Fault current

prospective

protection
Fault protection

FELV

Final arcuits

standard

44

Fig 2.1(1);
Table 4.4(i)

Fig 2.1(ii);
Table 4.4(i)

Fig 2.1(iii);

Table 4.4(ii)
411

4.4

34 8.1

9.1; Appx G

10.1
7.10

e
Table J1

Appx L

711

Table 7.4.2(i)

1.3(0);
7.2.7]

o s
34.1.2

9.2.2(h)(iii);
10.3.3vi;
Table

10.3.3

7
7.2; Appx H
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Fire safety requirements

Firefighter's switch
Flashover

Floating earth
(portable generator)

Floors

Functional switching

Functional testing

Furniture with electrical
supply

Fuses

distributor’s (cut-out)

G

Garages

Gas installations

Generators, portable

Grouping of circuit
cables

Height of overhead wiring

Height of switches, socket-

outlets

On-Site Guide

1.2.1 Part B
5.5
St

24.1;
Fig 2.4.1

71.3.1

5.4
Table J1

10.3.9

7.6

2.2.5;
Table
7.2.7(1)

1.1(0;
1.3(e); 2.2.1

1.1(a); 2.2.6;
Table H7

2.3 Fg 2%
4.5 44

45 49:;
7.4.3: 10.3.1ii

2.4; Figs
24.1/2.4.2/
2.4.3(1), (i)

121

Table D2

HB6
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High protective conductor

current
earthing
labelling at DB

HSE Guidance Note GS 38

|dentification of
conductors

Immersed equipment

Immersion heaters

Induction loops (hearing)

Information required
Initial testing
Inspection and testing
checklists
label for periodic
report
schedules
Installation
considerations
diagram
method

Insulation resistance
minimum values

Internal cables and
telecommunications

IP code
Isolation
identification

multiple devices

1.5
Fig 6.14
10.1(d)

Appx K
Table 3.4.3
H5

14.4

1.5

10

9
9.2.2,9.3.1
Fig 6.9
Appx G
Appx G

1.5
6.10
7.1(0)

9.3.1(b):
10.3.3

Table
10.3.3

Table
7.4.2(1)

Appx L

6.7
6.8



requirements

switch, Electricity
isolator

switchgear

J
Joists/ceilings

L

Labelling

LED lighting
Lighting circuits

Load estimation
Logbook, building

Loop impedance see Earth
fault loop impedance

Manual, operation and
maintenance

Maximum demand

Mechanical maintenance,
switching off for

Metallic pipes
Meter

Meter tails

Mineral insulated cable

Minor Works Certificate

5.1.1

225
2.24: 228

5.1.2;
Table J1

5 9 i
Fig 7.3.1;
Tables

7.1(i), (iii)

6
H8

Table 7.1(i);
1.2.5, 744

Appx A

Foreword

Foreword

Appx A

5.2
4.3
7 i

1.3(b); 2.2.1;
223226

Table
7.4.2(ii);
Table C1

Appx G

N
Nominal voltage

Non-sheathed cables

Non-standard colours

Notices

0]
Off-peak supplies
Ohmmeter

Outbuildings

Overhead wiring
Overload protection

Overvoltages

P
Part P
PELV

Periodic inspection

Phase sequence check

Photovoltaic systems,
warning notice

Plastic services

Polarity testing

Portable generators

Prospective fault
current

measurement

1.1(b); 6.3

2.2.6;
3.4.1.]

6.12

1.1(a)
10.3.1

1.1(a);
2.2.6

Appx D
225 32
3.5 372

1.2.1
3.4.3; 7.3.1(€):

7.3.2(f); 7.6(a);

Table 8.1;
9.2.2(h)(1)
10.3.3v;
Table 0.3.3

Appx G
10.3.8

6.15
4.5; 4.8

9.3.1(0); 10.2;
10.3.4

2.4

71.2.7i

9.3.1(f);
10.2.2;

10.3.7
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Protective device,
choice

Proximity to

communications
cables

other services

Radial circuits

testing

Rated short-circuit
capacities

RCBOs

RCCB
RCDs

additional protection

diagram of operation
disconnection times
fault protection
integral test device
labelling

multipole

omission of

requirement for

risk assessment
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1.2.7

1472
74

Table 7.1(i);
Appx H

10.3.1

Table 7.2.7(i)

225 226
313236
36.3.2:726

2.2.6

225936
71.24;725;
1.2.6; 7.6;
8.3.1;8.3.2

225,242
315481k
16; 8.1;
9.3.1; 852;
9.2.2(h)(iv);
11.5

Fig 11.0
3.5.3
2.2.6

11.6
6.11
11.7

36.2,5.6.2.2,
125

7125
3.6.2.2
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testing
Reports

Residual current devices
see RCDs

Resistance of conductors

Ring circuits

Spurs

testing

S

Schedules

Scope
Selection
cables

devices for isolation,
etc.

SELV

Separation of gas
pipework

Short-circuit capacity

Short-circuit current
protection

Shower
Socket-outlets

final circuits with high
PE current

general

11
Appx G

Appx |

Table 7.1(i);
Appx H

122, H24
10.3.2

6.10; 9.1;
Appx G

Preface: 1.1

Appx C

Appx ]

3.4.3: 7.3.1(e);
7.3.2(H);

74.1; 7.6(a);
Table 8.1:
9.2.2(h)(1);
10.3.3v;

Table 10.3.3

2.3;Fig 2.3; 4.3;
44.45: 49:
74.5

Table 7.2.7(i)

5.5
7.2.5(d); 8

7.5.3
7.2.2; Appx H



minimum number

protection by RCD
SPDs
decision flow-chart

conductor critical
length

connection methods

selection

types

Split consumer unit

Spurs
Standard circuits

Stud walls

Supplementary
equipotential bonding

Supplier (definition)
Supply
frequency
nominal voltage
Support, methods of

Surge protective devices
see SPDs

surges
lightning
switching

Switchgear

Switching

22
Table H7

36.1(b)
37
Fig 3.7.2.2

57 Ba
3.76

3.7.4; Fig3.7.4
373

2.2.6;

Figs 3.6.3
(i)/(iir)
122, H24
Appx H

Tables 7.1(ii),
7.1(iii), F6

4.6; Table 4.6;
47:48

i

1.1(a)
1.1(b)
Appx D

) b
371
5.1.2; 6.2
5

T

Tails (consumer)

Telecommunications
lines

Testing
instruments
procedures
results schedule
sequence
checklist

Thermal insulation

Thermoplastics/
thermosetting,
applications

TN system
disconnection times
TN-S system

earthing arrangement

typical external
impedance

TN-C-S system
earthing arrangement

typical external
impedance

Trunking
capacities
supports

1T system
disconnection times

earthing arrangement

Figs 2.1

(1)—(iin);

223,226

3.71

9

10.1
10.3
Appx G
10.2
9.3.1

Table 7.1(iii);
Appx C; Appx F

Table C1
1.2
552

LE2%
Fig 2.1(ii)

1.1; 7.1@@)(i)

Fig 2.1(i)

1.1; 7.1(@)(1)
1.7

Appx E
Table D4

353
Fig 2.1(iii)
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general 1.1(d); 7.1;
71.2.5(a); 7.2.6;
10.3.5.1
metal consumer units 2.2.6
Two-way switching 74.4;
Fig 7.4.4
U
Underfloor heating 8.3
Unexpected nominal
voltage, warning of 6.3
V
Ventilation 1.2.1 Part F
Voltage drop
calculation Appx F
general 7.1(g); 7.2.3;
Table 7.1(i); note 1
Inspection 9.2.2(d)
verification 10.3.10
W
Walls and partitions 7.3.2
Water heaters H5
Wiring systems in escape
routes /.11
y 4
Zones
baths and showers 8.1
cables in walls 7.3.2(b); 9.2.2(0)
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