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1101

HSR25, EAWR
Regulation 16

114.1

115.1

Part 1

This Guide is one of a number of publications prepared by the Institution of
Engineering and Technology (IET) to explain and enlarge upon the requirements in
BS7671 :2018+A2:2022 Requirements for Electrical Installations, [ET Wiring Regulations.
BS 7671 is a joint publicaton of the British Standards Institution and the Institution of
Engineering and Technology. All references to BS 7671 in the text of this Guidance Note
are references to BS 7671:2018+A2:2022, unless otherwise noted.

From herein, BS 7671:2018+A2:2022 is referred to as BS7671. The year reference will
only be included where there is a need to reference a requirement made in an earlier
edition, such as BS 7671:2008.

The scope generally follows that of BS 7671, but also includes material not included in
BS 7671, providing background to the intentions of BS 7671 and giving 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 itself
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 that comply with BS 7671, must also
comply with all relevant statutory regulations, such as the Electricity at Work Regulations

1989 (EAWR), the Building Regulations and, where relevant, the Electricity Safety, Quality
and Continuity Regulations 2002 (ESQCR), 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 that differ from or are additional to those of BS 7671, and these will
take precedence.

Users of this Guide should assure themselves that they have complied with any relevant
legislation, including legislation that post-dates the publication.

This Guide is concerned with limited applicaton of BS 7671 in accordance with
Section 1.1: Scope.

On-SiteGuide | 9
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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 outthe installation and commissioning.

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

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

(a) designers) (seethe Construction (Design and Management) Regulations 2015
(CDM) for information on designers' duties);

(b) installer(s) (contractor or, if there is more than one, principal contractor and
contractors);

(c) electricity distributor

(d) installation owner and/or user

(e) architect

(f) local building control authority/standards division or approved inspector

(g) fire prevention officer

(h) construction (design and management) (CDM) co-ordinator

(i) building information modelling (BIM) co-ordinator

(j) regulatory authorities

(k) licensing authority (where necessary);

() Health and Safety Executive (HSE); and

(m) client.

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.

Precise details of each item of equipment should be obtained from the manufacturer
and/or equipment supplier and compliance with appropriate standards confirmed.

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

On-SiteGuide
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Building Regulations 2010, Part L 2013 (Amended 2021) 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 abuilding logbook. Information on howto 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
SW129BS

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 IEC/IEEE82079-1:2020 Preparation of instructions for use. Structuring, content
and presentation Ceneral 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-SiteGuide | 11
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Introduction

1.1 Scope

This Guide is for installers (for simplicity, the term installer is 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.

Part7 NOTE 1: Special 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.

Chapter 82 NOTE 2: Some information is given regarding  Prosumers Installations from Chapter 82 but thisis an
informative overview and does not cover the reguirements of Chapter 82 in any depth.

This Guide is restricted to installations:

3131 (a) atasupply frequency of 50 Hz;

(b) at a nominal voltage of 230 V ACsingle-phase or 400/230 V ACthree-phase;

(c) supplied through a distributor's cut-out having a fuse or fuses rated at 100 Aor
lessto one of the following Standards:
- BS882
- BS883
- BS88-6
- BS 1361 Typell

NOTE: BS 1361 was withdrawn in March 2010 and replaced by BS 88-3; BS 88-22 and BS 88-6 were

both withdrawn in March 2010 and replaced by BS 88-2 (BS EN 60269-2). However, 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-Sarrangement - 0.35 Q, (see Figure 2.1(i)); and
» TN-Sarrangement - 0.8 Q, (see Figure 2.1(ii))
NOTE: The values of 035 () 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.

On-SiteGuide | 13
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For a TT arrangement, 21 Q is the usual stated maximum resistance of the
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 earth electrode resistance or Z. measurement exceeding 200 Q may not
be stable due to environmental changes, such as drying out in summer and
freezing in winter.

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

The Guide introduces the use of standard circuits, which are discussed in Section 7.
However, due to 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 Part2 of BS7671 are used.

In compliance with the definitions in 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 energized 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:

GN 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

YVYVVYVYYYVYY

NOTES:
For clarification:

» the distributor of electricity is deemed to be: "A party that distributes electricity to consumers
using electrical  lines and equipment they own or operate" 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 Regulations 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).

14§ On-SiteGuide
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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 the

following:

Part Title

A Structure
B Fire safety
c Site preparation

and resistance to
contaminants and

moisture

D Toxic substances

E Resistance  to the
passage of sound

F Ventilation

G Sanitation, hot water
safety and water
efficiency

K Protection  from falling
collision and impact

L Conservation of fuel
and power

M Access to and use of
buildings

P Electrical ~ safety -
dwellings

R Physical infrastructure
for high speed
electronic
communications
networks

Regulaton 7 Materials and
workmanship

NOTE: Guidance is available  for

documents which

and Communities (DLUHC)

can be freely downloaded
website:

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  305/201  1/EU-CPR
covering  construction products, referred to as the Construction
Products  Regulation  (CPR).

part of the Building Regulations in the form of approved

from the Department for Leveling Up, Housing

http:/Awww.gov.uk/planning-permission-england-wales

On-SiteGuide | 15
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1.2.2 The Building (Scotland) Regulations 2004
(as amended)

The detailed requirements are givenin 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, covering the
following:

(a) compliance with BS 7671;

(b) the minimum number of socket-outlets in dwellings;

(c) the minimum number of lighting pointsin dwellings;

(d) the minimum illumination levels in common areas of domestic buildings, for
example, blocks of flats;

(e) the range of mounting heights of switches and socket-outlets, etc.;

(f) separate switching for concealed socket-outlets, for example, behind white
goods in kitchens; and

(g) conservation of fueland power in buildings.

With regard to electrical installations in Scotland, the requirements of the above are
deemed to be satisfied by compliance 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 canbe obtained from the website: www.buildingconlrol-ni.com

1.2.4 The Building Regulations of Wales

On 31stDecember 201 1 the powerto make building regulations for Wales was transferred
to Welsh ministers. This means Welsh ministers 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 untl Welsh ministers
make changes to them. The latest update was published July 2018 and information can
be obtained from their website: https://gov.wales/building-regulations

On-Site Guide

© The Institution of Engineering and Technology



544.1

122 16
132.16

11

1.3 Basicinformation required

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

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

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

(c) the maximum prospective fault current (I,f) at the supply terminals

(d) the typical maximum earth fault loop impedance (Ze 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; and
(h) the arrangements for the incoming cable and metering.
NOTE: 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.

1.4 Intended departures from BS 7671

Where the designer decides to depart from the requirements of BS7671, the resulting
degree of safety must not be lessthan that obtained by compliance with the Regulations.
The designer is responsible for the safety of the design. Anyintended departure from the
requirements of BS 7671, although the designer is confident regarding safety, must be
recorded on the Electrical Installation Certificate (EIC).There is a difference between an
intended departure and a non-compliance. Note the following distinction:

(a) anintended departure must be recorded on the EIC
(b) anintended departure not recorded on the EICis unacceptable, as it is simply
anon-compliance and the certificate would, therefore, be worthless.

On-SiteGuide § 17
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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(iii), including typical protective conductor cross-sectional areas.

The following scenarios are considered:

(a) Figure2.1(i) TN-C-S(protective multiple earthing - PME)earthing arrangement;
(b) Figure 2.1(ii) TN-S earthing arrangement (cable sheath earth); and
(c) Figure 2.1(iii) TT earthing arrangement (no distributor's earth provided/used).

¥ Figure 2.1 (i) TN-C-S(PME) earthing arrangement

circuit protective  metal water metal gas
conductors pipe pipe

consumer’s tails

notice (see Figure 6.4)

-
10mm?

| Lds o—els[sld]

main switch

16mm?

gas meter

water gas
service service
pipe pipe

NOTE: An electricity isolator switth may not always be installed by the distributor.
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¥ Figure 2.1 (ii) TN-Searthing arrangement (cable sheath earth)

circuit protective  metal water metal gas
conductors pipe pipe
consumer’s tails
notice (see Figure 6.4)
bOm m?

| main switch

16mm?

gas meter

water gas
service service
pipe pipe

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

Y 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
notice (see Figure 6.4)

&

|
hﬂ mm?

{
electricity )
isolator main switch
switch
16 mm’
(buried and not
protected) .~
LABEL (see Figure 6.5) 5 :
\ i

gas meter

earth water gas
electrode service service
pipe pipe

NOTES:

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

1
54231 2  See Table 4.4(jii) for further information regarding the sizing of the earthing conductor for a TT
earthing arrangement.

3 See 2.2.6 for requirements for consumer unit enclosures.

20 On-SiteGuide
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2.2 Function of components
2.2.1 Distributor's cut-out

Thiswill be sealed to prevent the fuse being withdrawn by unauthorized 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 againstfault current

up to the consumer's main switch.

Asthe cut-out is the property of the distributor, installers must not cut sealsand 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. Should an installer encounter a distributors seal which has already been
broken or removed it is recommended that this is notified to the person ordering the
work before work commences.

NOTE: The supplier of electricity may not be the same organization asthe distributor; (see 1.1).

2.2.2 Electricity meter

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

2.2.3 Meter tails

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

V Figure 2.2.3 Meter tails

consumer’s tails

1031174

kWh

S {

electricity —
isolator main switch
switch
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© The Institution of Engineering and Technology



2

434.3(iv)

22

2.2. 31 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 additon 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 faultcurrent 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.

2.2.3.2 Supplier's tails

The cables between the distributor'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

Disfributors 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 Figure 2.2.3. This double-pole  switch permits the supply to the installation to be
interrupted  without withdrawing the distributor's cut-out fuse. Where this is the case the
tails between the meter and the electricity isolator are part of the supplier's equipment.

2.2.5 Consumer'scontrolgear

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

(a) a double-pole isolator;

(b) fuses, circuit-breakers or residual current circuit-breakers (with overcurrent
protection) (RCBOs) for protection against overload and fault currents;

(c) residual current devices (RCDs) for additional protection against electric shock

(d) RCDs for fault protection;

(e) arc fault detection devices (AFDDs) for additional protection against fire; and

(f) surge protection device(s) (SPDs) where required.
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Alternatively, a separate main switch and distribution board may be provided.

All devices and components shall only be those declared suitable according to the
assembly manufacturer's instructions or literature. The scope of BSEN 61439-3 includes
distribution boards with an incoming rated current not exceeding 250 A and outgoing
circuits 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 |ET Guidance Note 1 and the BEAMA guide: Overload protection of an RCCBor
switch in an LV assembly to BS EN 61439-3.

2.2.6 Consumerunit assemblies

201 Where a consumer unit assembly is installed in domestic (household) premises one of

the following applies:

» the enclosure is to be manufactured from non-combustible material; or
» the consumer unit isto be 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 °C degree glow-wire rated material would
not be classified as 'non-combustible’ in the context of this Regulation.

Where a steel consumer unit isinstalled in aninstallation forming part of a TT system, the
earth fault loop impedance, Z, is likely to be much higher than the maximum permitted
for use of the overcurrent protective device (OCPD),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 1 s.

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

(a) aClassl metal consumer unit is installed and each outgoing circuit is protected
by an RCBO;and

(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)
residual current circuit-breaker (RCCB),for example 100 mA S-type RCCB.

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 ftwo or three RCCBs protect multiple circuits through individual
circuit-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. |n essence, where
the construction and layout of the consumer unit is such thattherisk 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 forthe protective measure
5313532201 of double or reinforced insulation throughout their length. This can be achieved
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.
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:

522.8.1 (b

-

(i) the line conductor becoming disconnected and making contact with the
metal enclosure; and

(ii) the incoming terminals becoming loose, which may give rise to arcing
and/or fire.

This can be achieved by, for example, clipping or clamping the consumer's ftails,
or by installing them in trunkingand the use of a suitable cableentry gland. In all
cable entry arrangements, the enclosure shall not have sharp edges that could
damage cables.

¥ Figure 226 Example of clipping tails to arrest movement

Cables clipped at relevant positions circuit protective metal water metal gas
7 r ipe ipe
to arrest movement wsumer’s tails conductors pip! PIpP!

I
§
RCBOs
sole]e]e
£ 3 “11: 'l
| main switch
2
16mm )
gasmeter
water £ gas
service | service
pipe pipe
412.2.2.1 (c) the cable installation entry method shall, so far as is reasonably practicable,
416.2.2 maintain  the fire containment  of the enclosure. It is essential that account is

taken of the manufacturer's instructions, if any.

This can generally be achieved by the installer ensuring that cable access holes
made in the enclosure do not leave gaps greater than:
(i) 1.0 mm for the horizontal top surface; and

(i) 25 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 minimize 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, need to do so through the
same enfry point.

A non-combustible enclosure includes the base, cover, door and any components, such
asthe hinges, covers, screws and catches necessary to maintain firecontainment. Devices
and blanks are contained within the non-combustible enclosure and, therefore do not
have to be manufactured from a non-combustible material, such as steel. However, the
use of non-combustible blanks is not precluded. Any unused ways in the consumer unit
must be closed off using blanks to provide at least IP XXB protection.

NOTE: This information on consumer units has been kindly provided by BEAMA. Further information
can be found at: http:/www.beama.org.uk/en/publications/technical-bulletins.cfm

Where the consumer unit is to be located in an external, non-habitable building, such as
a garage or shed, which is not in close proximity to a dwelling, consideration could still
be given to installing aconsumer 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 by a skilled person (electrically), which
must be appended to the Electrical Installation Certificate (EIC).

2.3 Separation of gasinstallation pipework
from the electrical installation

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

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

(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  materiall rated at 230 V or more, or a panel of electrical insulating
material  should be interposed.

The cited distances are quoted within Clause 84.2 of BS 6891 :2015+A1:2019
Specification  for the installation and maintenance  of low pressure gas installation
pipework of up to 35 mm ("RI'*) on premises.
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528.3.4 W Figure 2.3 Separation from the gas installation

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

& Supply cable or
distribution cable

Minimum
e distance
q 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

540 2.4 Portable generators

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

(a) on aconstruction site;

(b) on stalls at a street market; or

(c) atan external gathering or function attended by the general public, such asa
country show.

This Guide considers three scenarios relating to the use of portable generators: see 2.4.1
to 2.4.3.

For information relating to the permanent use of generators see IET Guidance Notes
5 and 7 and Section 551 of BS 7671. Further information on the use of temporary
generators is available in the IET Practitioner's Guide to Temporary Power.

Where generators are used to supply mobile or transportable units such as catering vans
or temporary buildings, see also Section 717 Mobile and Transportable Units of BS7671
and |IET Guidance Note 7.
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«+ 2.41 Electrically separated generator systems

The windings of smaller portable generators are often isolated from the mass of Earth
and the protective conductor, i.e. there is no connection between the chassis and/or
earth connection of the socket-outlet(s) of the unit and either of the live conductors
of the generator winding. The ends of the generator winding are brought out to one or
more three-pin socket-outlets which should preferably conform to BSEN 60309-2. The
protective conductor of the socket-outlet(s) is usually connected internally to the frame
of the generator only (see Figure 2.4.1).

3 The electrical system connected to this type of earthing 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:

(a) one or more items of Classll equipment;
(b) one item of Class| equipment; or
(c) one or more items of Classll and one item of Class| equipment.

The supply of only Classll equipment, however, is preferable.

No more than one item of Class| equipment should be supplied at any time unless
further measures are put in place. This is because first faults will go undetected, putting
users at risk of shock in the event of a second fault (asthe users can provide a path for
current flowing between exposed-conductive-parts of faulty electrical equipment).
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¥ Figure 2.4.1 Portable generatorusing electrical separationas the protective measure

Current-using

w—
e E—— goad equipment

Socket-outlet
with overcurrent
protection

Generator

ss14q 2.4.2 Portable generator used without an Earth electrode

28

Where a generator is used for a short duration, or is powering a simple system
(e.g. a mobile wunit), and providing the connecting cables are adequately protected
from mechanical damage, it may not be necessary to connect the system to the mass
of Earth. It is important to ensure that the protective conductor connections of the
socket-outlets at the generator are connected to the neutral of the generator winding in
addition to the chassisor frame of the generator (see Figure 2.4.2). This arrangement is
described as a 'floating earth' as the source of supply is not connected to the mass of
Earth.

Such a configuration will provide a return path for any fault current caused by contact
between live parts and exposed-conductive-parts ofthe connected equipment, enabling
automatic disconnection of supply (ADS) to be used as the protective measure, as is
common with most installations. If this arrangement is used and the system is not
connected to the mass of Earth, it constitutes a departure from BS 7671 Regulation
411.4.1as Earth does not form part of the fault path.

With this configuration, neither of the live conductors of the generator are connected to
the conductive mass of the Earth. If this method of supply is used, 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.

As an additional protective measure, distribution circuits supplied from the generator
output should be protected by an RCD operating at no more than 100 mA with atime
delaynot more than 200 ms. Thisisto provide detection of faults caused by unintentional
earthing of the system, such as may occur with Class| equipment in contact with the
mass of Earth (e.g.a metal-framed distribution unit on the ground). The settings will
allow selectivity with other 30 mA RCDsproviding Additional Protection on final circuits.
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¥ Figure 2.4.2 Generator with floating earth arrangement
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2.4.3 Portable generator with Earth Electrode

For longer term use, or if there are several circuits supplied by the generator a reliable
connection with Earth is required. Connecting the system to Earth allows for detection
of insulation faults in the distribution - see Figure 2.4.3.

Note that this does not create a TT system; the system will be TN-S from the generator,
with the neutral or star point being connected 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 asthe earth electrode does not
form part of the earth fault loop path.

The required value of electrode resistance is determined by the protective devices
on the output of the generator. For example, if a single-phase 8 kVA generator has a
Type C 32 Acircuit breaker on the output, in order to disconnect following a distribution
cable insulation fault of negligible impedance to the mass of Earth, a current of
320 Amust flow to meet the required disconnection time. At a supply voltage of 230 V
(note Cy i, does not apply) this requires an electrode value of 0.72 Ohms or less. In
practice such a value will be very hard to achieve for a temporary system and so it is
common to use RCDsor Residual Current Monitors to provide ADS.
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In practice the installation of an earth electrode for a temporary system is unlikely to
produce a sufficiently low resistance to enable overcurrent protective devices to operate.
Because of this it is most common to use RCDsor Residual Current Monitors to provide ADS.

Chapter 54 The requirements of BS 7671 Chapter 54 apply. For generator fault currents,

419

30

manufacturers advice should be complied with as the ability of a generator to sustain
high fault currents varies.

V Figure 2.4.3 Generator using earth electrode
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Where restrictions, such as concreted/paved areas or where the portable generator is
being used some distance above ground level, make it impossible to install an earth
electrode and it is not suitable to operate the system un-earthed as described in 2.4.1,
other earthed metalwork may be used, such as metal fencing or structural steelwork.
Connections to street furniture with an electrical installation such as street lighting or
other electrical systems of buildings should be avoided.

2.4.4 Inverter generators

Because traditional  engine/alternator generators can suffer stability issues when
powering low-energy loads such as LED lighting, the use of electronic inverter generators
are increasingly common. These have the appearance of being centre-tapped to earth
(see Figure 2.4.4) and test equipment may not function correctly.
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¥ Figure 2.4.4 Inverter generator configuration
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Such arrangements should be treated in the same way asthose in 2.4.2 or 2.4.3, though

they may not sustain high fault currents and the requirements of BS 7671 regulation
group 419 may apply.
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Appendix 3
5331

Protection

3.1 Typesof 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) by means of 30 mA residual
current devices (RCD(s));

(e) additional protection against fire may also be included (arc fault detection
devices (AFDDs)); and

(f) protection against transient overvoltage may be included (surge protection
devices (SPDs)).

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 asa TT system), in which casean RCDhas to be used.

A residual current circuit-breaker with integral overcurrent protection (RCBO), being a
unit with a combined circuit-breaker and RCD, will carry out functions (a)to (d).

3 2 Protection against overload current

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

(a) fuses to BS 88-2 (BS EN 60269-2), BS88-3, BS 88-6, BS 1361 or BS3036;
(b) circuit-breakersto BS3871-1 types 1,2 and 3;

(c) circuit-breakersto BSEN 60898 types B,C and D; and

(d) RCBOsto the BSEN 61009 series and to BS EN 62423.

NOTE: BS 3871-1 has been withdrawn and is replaced by BS EN 60898-1:2019; however, these
devices are likely to be present in older installations.
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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 fuse links to BS 88-2 (BS EN 60269-2) or BS88-6 or BS 1361 is used, protection

against short-circuit current and earth fault current will be provided by that particular
overcurrent protective device (OCPD).

NOTE: BS 5486: Part 13 has been withdrawn; however, consumer units to this standard may still be
found in older installations.

For other protective devices the breaking capacity mustbe adequate for the prospective
fault current at their point of installation.

3.4 Protection against electric shock

3.41 Automatic disconnection of supply (ADS)

ADS is the most the common method of protection against electric shock. There are two
elements to ADS: basic protection and fault protection.
34.1.1 Basic protection

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

(a) electricalinsulation; and

(b) enclosures and barriers.

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

A 30 mA RCD may be provided to give additional protection against contact with live
parts but must notbe used as primary protection.

3412 Fault protection
Fault protection  comprises:

(a) protective earthing;
(b) protective equipotential bonding; and
(c) automatic disconnection in case of a fault.

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

On-Site Guide

©

The Institution  of Engineering and Technology



13

3.4.2 Other methods of protection against electric shock

410.3.3  In addition to ADS,BS 7671 recognizes other methods of protection against electric shock.

44 3.4.3 SELVand PELV
SELV
Separated extra-low voltage .(SELV) systems:

414.3 (a) are supplied from isolated safety sources such as a safety isolating transformer
to BSEN 61558-2-6 or BS EN 61558-2-8;
(b) have no live part connected to earth or the protective conductor of another
system;
414.4.1 (c) have basic insulation from other SELVand protective extra-low voltage (PELV)
circuits;
(d) have double or reinforced insulation or basic insulation plus earthed metallic
screening from LV circuits; and
have no exposed-conductive-parts connected to earth or to exposed-
conductive-parts  or protective conductors  of another circuit.

414.4.4 (e

~

PELV

41441 Protective extra-low voltage (PELV) systems must meet all the requirements for SELV,
except that the circuits are not electrically separated from earth.

41445 For SELVand PELV systems, basic protection need not be provided if voltages do not
exceed those given in Table 3.4.3.

¥ Table 3.4.3 SELVand PELVbasic protection voltage limits

Location SELV and PELV

Dry areas 25 VAC or 60 V DC

Y
voltages

Further protection required at all

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

‘" 3.5 Automatic disconnection

3.5.1 Standard circuits

Forthe 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.
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36

3.5.2 Disconnection times: TN systems

A disconnection time of not more than 0.4 s is required for final circuits not exceeding:

» 63 Awith one or more socket-outlets; and
» 32 Awhen supplying only fixed equipment.

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

» final circuits exceeding 32 A, (excluding circuits with socket-outlets); 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 ROD,hence, a time of not more than 0.2 s
is required for final circuits not exceeding:

» 63 Awith one or more socket-outlets; and
» 32 Awhen supplying only fixed equipment.

A disconnection time of not more than 1 s is permitted for:

» final circuits exceeding 32 A, (excluding circuits with socket-outlets); and
» distribution circuits.

3.6 Residual current devices (RCDs)

RCDis the generic term for a device that operates when the residual current in the circuit
reaches a predetermined value. The RCD s, 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 Types of RCD

Different types of RCDare manufactured and they vary depending on their behaviour in
the presence of DC components and frequencies. The appropriate type of RCDshall be
selected from the following:

(a) RCDType AC:RCD tripping on alternating sinusoidal residual current, suddenly
applied or smoothly increasing. Type AC RCDs shall only be used to serve
fixed equipment, where it is known that the load contains no DC components.
Examples of fixed equipment containing no DC components include electric
heating appliances and simple filament lighting which does not include
electronic transformers or dimmer controls.

(b) RCD Type A: RCD tripping on alternating sinusoidal residual current and on
residual pulsating direct current, suddenly applied or smoothly increasing.
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(c) RCDType F:RCDfor which tripping is achieved as for Type A, and in addition:
(i) for composite residual currents, whether suddenly applied or slowly rising,
intended for a circuit supplied between line and neutral or line and earthed
middle conductor; and
(i) for residual pulsating direct currents superimposed on a smooth direct

current.
(d) RCDType B: RCDfor which tripping is achieved as for Type F,and in addition;

(i) for residual sinusoidal alternating currents up to 1 kHz;

(i) for residual alternating currents superimposed on a smooth direct current;

(ili) for residual pulsating direct currents superimposed on a smooth direct
current;

(iv) for residual pulsating rectified direct current which results from two or
more phases; and

(v) for residual smooth direct currents, whether suddenly applied or slowly
increased, independent of polarity.

For general purposes, only Type A RCDsmay be used.

For further guidance on the correct use of RCDs for household and similar use, see
PD IEC/TR 62350 Guidance for the correct use of residual current operated profective
devices (RCDs) for household and similar use.

3.6.2 Protection by RCDs

RCDsare 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) In AC systems, additional protection by means of an RCDwith a rated residual
operating current not exceeding 30 mA shall be provided for:

(i) socket-outlets with a rated current not exceeding 32 A in locations where
they are liable to be used by persons of capability BAI, BA3 or children
(BA2, BA3);

(i) additional protection for socket-outlets not exceeding 32 A in other
locations; and

(iii) mobile equipment witharated current not exceeding 32 A for use outdoors.

Note 2 to Regulation 411.3.3: RCD protection of all socket-outlets is
recommended.
(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;
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22.6.202 (f) 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; and

(g) 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.

Note 4 to Regulation 411.3.3 clarifies those means of connection which are not
considered to be a socket outlet as: "A lighting distribution  unit complying with
BS 5733, shaver supply unit complying with BS EN 61558-2-5, luminaire track
system, installation coupler, LSC or DCL is not regarded as a socket-outlet for
the purposes of this regulation".

3.6.3 Omission of RCD protection
1133 3,6.3.1 Specific cases

RCDsfor additional protection for socket-outlets not exceeding 32 A in locations other than:

» socket-outlets with a rated current not exceeding 32 Ain locations where
they are liable to be used by persons of capability BAI, BA3 or children (BAZ2,
BA3); and/or

» mobile equipment with a rated current not exceeding 32 A for use outdoors

can be omitted, 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 3.6.3.2.

Cables installed on the surface do not specifically require RCD protection; however, RCD
protection maybe 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.

1133 3.6.3.2 Risk assessmentand the omission of additional requirements by
RCDs for socket-outlets

As identified above, BS 7671 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,
that 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.

For this situation, the risk assessment needs to be carried out by a skilled person
(electrically)  together with the responsible person and must be appended to the
appropriate Electrical Installation Certificate (EIC).
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The risk assessment should consider the frequency of use, the environment, the
equipment to be connected, the skill level of the person usingthe equipment and the
socket-outlet and the persons who will have accessto 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 asa last resortand 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, such as change of use, change
of ownership orwhen a periodic inspection is undertaken and must be appended to the
Electrical Installation Condition Report (EICR).

3.6.4 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.

3.6.4.1 Examples of RCDs within installations

In each case, refer to 2.2.6 of this Guide.

¥ Figure 3.6.4(i)) Consumer unit with RCBOs, suitable for all installations (TN and TT)

final circuits

30 mA RCBO
labelled main switch
‘Main switch’ (isolator)
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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 RCBOswill minimize inconvenience in the event of a

fault and is applicable to all systems.

¥ Figure 3.6.4(ii) Split consumer unit with separate main switch and two
30 mA RCCBs

final circuits final circuits

B
kWh

£
57 6€ 165456

main switch 30 mA
(isolator) RCCB RCCB
labelled

‘Main switch’

The division of an installation into two parts with separate 30 mA RCCBswill 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 that connect the load side of the
double-pole main switch to the supply side of the RCCBs.
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¥ Figure 3.6.4(iii) Three-way split consumer unit with separate main switch, two
30 mA RCCBsand circuits without RCD protection

final circuits

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

final circuits

031174 ]

i LI 303
1 * bk omom
|8 puasWTO” £

main switch
(isolator)
labelled

‘Main switch’

The three-way division of an installation can provide ways unprotected by RCDsfor, say,
fire systems and for two separate 30 mA RCCBsto 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 connecting the load side of the
double-pole main switch to the supply side of the RCCBs.

3.6.4.2 RCBOs

The use of RCBOswill minimize inconvenience in the event of a fault and is applicable
to all systems (see Figure 3.6.4(i)).

Such a consumer unit arrangement also easily allows individual circuits, such as 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.

3.6.4.3 Split board with two 30 mA RCDs

The division of an installation into two parts with separate 30 mA RCCBswill ensure that
part of the installation will remain on supply in the event of a fault (see Figure 3.6.4(ii)).
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3.6.4.4 Three-way splitboard 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 RCCBsto 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 3.6.4(iii)).

534 37 Surge protection devices (SPDs)

3.7.1 Overview

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

N1 For more information, see IET Guidance Note 1.

Damage can occur when the surge or transient overvoltage, asthe 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.

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 assevere as lightning surges
but are more repetitve and canreduce equipment lifespan.

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

(a) Section 443 of BS7671 has requirements  forthe protection of persons, livestock
and property from injury and damage as a consequence of overvoltage; and
534 (b) Section 534 has requirements  for the selection and installation of SPDs.

NOTES:

1 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.

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

3 BS 767 1 does not specify requirements for protection against fransient overvoltages due to direct or
nearby lightning  strokes on the structure. For risk management for protection against such transient

overvoltages, see BS EN 62305-2.
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.
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3.7.2.1 Surge protection requirements
Regulation 443.4.1 of BS7671 states that:

» “Protection against transient overvoltages shall be provided where the
consequence caused by the overvoltage could result in:
(i) serious injury to, or loss of, human life (for example. Hospitals and, care
homes, orin the provision of home dialysis equipment)
(i) failure of a safety service, as defined in Part 2
(iii) significant financial or data loss.

» For all other cases, protection against transient overvoltages shall be provided
unless the owner of the installation declares it is not required due to any loss
or damage being tolerable and they accept the risk of damage to equipment
and any consequential loss."

Therefore, protection against transient overvoltages shall be provided where the
consequence caused by overvoltage:

(a) results in serious injury to, or loss of, human life, (for example hospitals and
care homes or in the provision of home dialysis equipment);

(b) results in the interruption of public services and/or damage to cultural heritage,
(for example in data centres or heritage status buildings, such as museums and
castles);

(c) results in the interruption of commercial or industrial activity (for example, in
banks, hotels, supermarkets, industrial plants or farms); or

(d) affects a large number of collocated individuals (for example, in offices,
universities, schools or residential tower blocks).

For all cases other than those listed above, a risk assessment to determine if protection
against transient overvoltages is required (see BS 7671 Appendix 16 and IET Guidance
Note 1 for further information).

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

The flow chart in Figure 3.7.21 is designed to 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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3.7.3 Types of SPD protection

534.1 For the protection of ACpower circuits, SPDsare allocated a type number:

534.4 (a) Type 1 SPDsare only used where there is a risk of direct lightning current and,
typically, are installed at the origin of the installation;
(b) Type 2 SPDsare used at distribution boards; and
(c) Type 3 SPDsare used near terminal equipment.

See also Table 3.7.3.

Appendix 16 Combined Type SPDs are classified with more than one type, for example 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).

534410 ¥ Table 3.7.3() CSAof conductors and types of SPD protection

Type Name Location Conductor csa Hazard

1 Equipotential Origin of the 16 mm 2 minimum - Protect against flashover
bonding or lightning installation length of tails - ideally from direct lightning
protection/current <0.5 m but no longer strikes to structure or to LV
SPD than 1 m overhead supply

¥ Table 3.7.3(H) CSAof conductors connecting SPDsand the OCPDsto live
conductors

Location Conductor csa

1 Origin of the installation 16 mm? minimum - length of tails - ideally <05 m but
no longerthan 1 m
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3.7.4 Coordination and selection of surge protection

Where a number of SPDsare 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.

SPDprotection should be coordinated as follows:

(a) choose the correct type of SPD for the installation and site in the correct
location;

(b) refer to Regulation 443.6.2 and Table 443.2 of BS7671 (impulse withstand
voltage);

(c) choose SPDswith a protection level (Up) sufficiently lower than the impulse
withstand voltage or lower than the impulse immunity of the equipment to be
protected; and

(d) choose SPDsof the same make or manufacture.

NOTE: Coordinated SPDs must be of the same make or manufacture unless the designer s 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

=

W
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3.7.5 Critical length of connecting conductorsfor SPDs

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

Referto the SPDmanufacturer's instructions for optimal installation.

¥ Figure 3.7.5 Critical length of connecting conductors for SPDs

OCPD Y
a
A
SPD E/l
b f
| Main earthing terminal or
connecting conductor bar
—y
OCPD = overcurrent protective  device
SPD = surge protection device
El = equipment or installation to be protected against overvoltages
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3.7.6 Methods of connection

53443 Primarily, the installation of SPDsmust follow the manufacturer's instructions. However,
minimum  SPD connections at the origin of the electrical supply are usually made as
those shown in Figure 3.7.6(i) (TN-C-S, TN-S, TT) and Figure 3.7.6(ii) (TT - SPDs
upstream of an RCD):

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

53447 V¥ Figure 3.7.6(i) SPDson the load side of an RCD
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¥ Figure 3.7.6(iij) SPDson the supply side of an RCD
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NOTE: See Appendix 16 of BS 767 1 for further information on the connection of SPDs.

3.8 Arcfault detection devices (AFDDs)

v -z@‘@*@:w@? = Ll

13

Arcfault detection devices (AFDDs) conforming to BSEN 62606 shall be provided for
single-phase ACfinal circuits supplying socket-outlets with arated current not exceeding

32 Ain:

Higher Risk Residential Buildings (HRRB)
Houses in Multiple Occupation (HMO)
Purpose built student accommodation
Care homes.

vyvyyy

NOTE: A higher risk residential building is generally  categorized as having: the floor of the top storey

of the building 18 metres or more above ground level, or containing 6 storeys or two or more

dwellings, or two or more rooms used for residential purposes, or student accommodation

For all other premises, the use of AFDDs conforming to BS EN 62606 is recommended

for single-phase ACfinal circuits supplying socket-outlets not exceeding 32 A.

Where used, AFDDs shall be placed at the origin of the circuit to be protected.

On-Site Guide
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The use of AFDDs does not obviate the need to apply one or more measures provided
in other clauses in BS7671.

NOTE: For busbar systems conforming to BS EN 61439-6 and Powertrack  systems to BS EN 61534,
the AFDD may be placed ata location other than the origin of the circuit.

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.

3.8.1 Precautions where particular risks of fire exist

3.8.1.1 General

The requirements  of Regulation 422.1 of BS7671 shall be applied in addition to those for
protection against fire caused by electrical equipment for installations in locations where
any of the following conditions of external influence exist (as considered in Regulations
422.2 to 422.6 of BS7671) which include:

(a) protected escape routes;

(b) locations with risks of fire due to the nature of processed or stored materials;

(c) combustible constructional materials;

(d) fire propagating structures; and

(e) selection and erection of installations in locations of national, commercial,
industrial or public significance.

In such locations, the fire safety design of the building(s) should be documented.  This
information  should be included in a fire safety manual produced by or for the person
responsible for the building (the 'responsible person’) as detailed in local national fire
safety legislation or guidance, including, for example, BS 9999.

It is recommended that the electrical system designerfinstaller shall provide the
person responsible for the building with details of the electrical system, setting out the
basis of the design with respect to fire safety. It shall explain the operation of all the
associated relevant building services systems and give information on routine testing
and maintenance requirements.

Where it is determined that cables should have an improved fire performance  but are
not covered by Regulations 422.2 to 422.6, this may be achieved by using cables with a
minimum  light transmittance of 60 °/owhen tested in accordance with BS EN 61034-2, and:

(a) limited flame propagation according to the minimum requirements  of the
relevant part of BSEN 60332-3 (series); or
(b) where cable management systems are used which are either:
(i) conduit systemsclassifiedasnon-flame propagatingaccordingtc BSEN 61386; or
(ii) cable trunking systems and cable ducting systems classified as non-flame
propagating according to BS EN 50085.

In eithercase cables to the minimum requirements of BSEN60332-1-2 are used.
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Except for wiring systems meeting the requirements of Regulation 422.3.5 of BS7671,
all electrical equipment shall be restricted to that necessary to the use of the locations
given in Regulation 422.1 as listed above.

Electrical equipment shall be selected and erected that its normal temperature rise and
foreseeable temperature rise during a fault cannot cause a fire. This shall be achieved
by the construction of the equipment or by additional protective measures taken during
erection. Special measures are not necessary where the temperature of surfaces is
unlikely to cause combustion of nearby substances.

Atemperature cut-out device shall have manual reset only.
3.8.1.2 Protected escape routes

A protected escape route is defined as "a route enclosed with specified fire-resisting
construction designated for escape to a place of safety in the event of an emergency”,
and guidance on protected escape routes is given in Appendix 13 of BS 7671.

Cables or other electrical equipment shall not be installed in a protected escape route
unless they are part of an essential fire safety or related safety system.

This generally means that cables in a protected escape route should be limited to
lighting, emergency lighting, and fire detection and alarm systems, although cables for
other safety systems may be necessary.

Only cables that meet the following requirements shall be installed in protected escape
routes:

(a) cables meeting the requirements for wiring systems for safety services
Regulation 560.8.1;

(b) resistance to flame propagation according to the recommended requirements
of the relevant part of BS EN 60332-3 (series) or, where cable management
systems accordingto (i) or (ii) below are used, to the recommended requirements
of BSEN 60332-1-2; and

(c) a minimum of 60 % light transmittance when tested in accordance with
BSEN 61034-2.

Where used, cable management systems shall be one or more of the following types
and shall be of limited smoke production so as not to inhibit escape:

(i) conduit systems classified as non-flame propagating according to BSEN 61386;
(i) cable trunking systems and cable ducting systems classified as non-flame
propagating according to BSEN 50085;
(iii) cable tray and cable ladder systems classified as non-flame propagating
according to BSEN 61537; or
(iv) powertrack systems meeting the requirements of BSEN 61534.

Cables in escape routes shall be as short as practicable. Cables encroaching on escape
routes shall notbe installed within arm's reach unless they are provided with protection
against mechanical damage likely to occur during an evacuation.
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Earthing and

bonding

4.1 Protective earthing

¥ Figure 4.1 lllustration of earthing and protective conductor terms
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circuit protective conductor

main protective bonding conductor

earthing conductor

supplementary protective bonding conductors (where required)
main earthing terminal

exposed-conductive-part

extraneous-conductive-part

main metallic water pipe (extraneous-conductive-part)

earth electrode (TT and IT systems)

other means of earthing (TN systems)
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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, within the required
time - that is, to cause the fuse to blow or the circuit-breaker or residual current device
(RCD) to operate.

1.2 Every exposed-conductive-part (a conductive part of equipment that can be touched
1 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 (MET) and, hence, to
the means of earthing for the installation.

4.2 Legal requirements

The Electricity Safety, Quality and Continuity Regulations 2002 (ESQCR)(as amended)
requires a distributor of electricity to make the supply neutral conductor or protective
conductor available for the connection of the consumer's protective conductor where it

Ne. 381 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 protective earthed-

neutral (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 |[ET Guidance Note 5.

4.3 Main protective bonding
(Figures 2.1()) 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.

> Main protective bonding conductors are required to connect extraneous-conductive-
’ parts to the MET 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 MET of the electrical installation.
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Examples of extraneous-conductive-parts are:

(i) Metallic water installation pipes;

(ii) Metallic gasinstallation pipes;

(ili) Other metallic installation pipework and ducting;
(iv) Central heating and air conditioning systems;
(v) Exposed metallic structural parts of the building.

Where non-metallic pipes, for example plastic, enter a building and arethen connected to
metallic pipes within the building, the metallic pipes within the building do not normally
require protective bonding asthey are unlikely to be extraneous-conductive-parts.

Connection of alightning protection system to the protective equipotential bonding shall
be made in accordance with BSEN 62305.

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

Where an incoming telecommunication cable has a metallic sheath, equipotential

bonding shall be applied. However, the consent of the owner or operator of the cable
shall be obtained. Where consent is not granted, and as a consequence this requirement
is not met, details shallbe recorded in the description section of the appropriate electrical
certification specified in Part6 of BS7671.

4.4 Earthing conductorand 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()) and (ii). For TT supplies, refer
to Table 4.4(jii).

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

CSAline conductor mm? 6 10 16 25 35 50 70
CSA earthing conductor 6 10 16 16, . 18 ' 25 35
CSA protective bonding conductor 6 6 10 10 10 16 25
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¥ Table 4.4(ii) Earthing conductor and main protective bonding conductor sizes
(copper equivalent) for PME (TN-C-S) supplies

544.1.1 CSAline conductor mm? 6 10 35
Table 54.8 CSA protective bonding 10 10 10 10 10 16 25
conductor
NOTES:
543.2.4 Protective  conductors (including  earthing and bonding  conductors) of 10 mm csa or less shal be
copper.

Table 54.7 5 The distributor ~ may require a minimum size of earthing conductor  at the origin of the supply of
16 mm 2 copper or greater for TN-S and TN-C-S supplies.
542.31 4 Buried earthing  conductors must be at least:

Table 54.1 i 25 mm ? copper if not protected  against corrosion
ifi. 50 mm 2 steel if not protected  against corrosion
jii. 16 mm 2 copper if not protected  against mechanical damage but protected against corrosion

iv. 16 mm ?coated steel if not protected against mechanical damage but protected against corrosion.

-1

When in doubt, the distributor should be consulted.

5 Tables 4.4() and 44(i) refer to the csa of line conductors whilst Table 54.8 of BS 7671 refers
to the PEN conductor. For the purposes  of this Guide, the line conductor is used as the PEN
conductors are not considered.

¥ 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 and corrosion corrosion and

mechanical mechanical

damage damage

25 16 25 4 4 25
NOTES:

1 Assuming  protection against corrosion by a sheath.
544.1.1 2 The main protective  bonding conductors shall have a csa of not less than half that required for the

earthing conductor  and not less than 6 mm %

Note that:

543.2.4 (a) only copper conductors should be used; copper covered aluminium conductors,
aluminium conductors or structural steel can only be used if special precautions
outside the scope of this Guide are taken.
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544.1.2 (b) where practicable, protective bonding connections to gas,water, oil, and similar
services should be within 600 mm of the service meter, or atthe 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 and, not to soft or flexible
meter connections.

542.3.2 (c) the connection must be made using clamps (to BS 951) and be suitably
protected againstcorrosion at the point of contact.

NOTE: Screwed and/or bolted bonding  connections must be accessible  for inspection and testing.

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.

Where there is a plastic incoming service and a metal installation within the premises, the
metal pipework does not require protective bonding. However, main protective bonding
is recommended unless it has been confirmed that any metallic pipework within the
building is not introducing Earth potential (see 4.3).

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 tme cannot be achieved, supplementary equipotential
bonding must be applied. However, this is outside the scope of this Guide. See Regulation
411.3.2.5and |ET Guidance Note |
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544.2

544.2.3

415.2

701.415.2

58

Thecsarequired for supplementary equipotential bonding conductors is given in Table 4.6.

Y Table 4.6 Supplementary bonding conductors

Size of ©  Minimum cross-sectional atea of supplementary equipotential bonding conductor (mm?)
circuit
protective
conductor
(mm?)

Exposed-conductive-part to  Exposed-conductive-partto  Extraneous-conductive-part
extraneous-conductive-part exposed-conductive-part to extraneous-
conductive-part*

not : : not not
mechanically mechanically mechanically mechanically mechanically mechanically
protected protected protected protected protected protected

1 2 5 4 5 6

16.0 10.0 10.0 16.0 16.0 25 4.0

*

If 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.

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.

If the installation meets the requirements of BS 7671 for earthingand bonding, there is
no specific requirement for supplementary equipotential bonding of:

i. kitchen pipes, sinks or draining boards;

ii. metallic boiler pipework;

ili. metallic furniture in kitchens;

iv. metallic pipes to wash-hand basins and WCs; or

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

NOTE: Metallic waste pipes deemed to be extraneous-conductive-partsmust be connected by main
protective bonding conductorsto the MET;see also 4.3.
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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

-3 This is connected to the MET 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(iii).

e It is recommended that the earth fault loop impedance for an installation forming part of
ZaTT system does not exceed 200 O.

542.2.6 Metallic gas, water utility or other metallic service pipes are not to be used as earth
electrodes, although they must be bonded if they are exiraneous-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.

410 Typesof earth electrode

542.2.2 The following types of earth electrode are recognized:

(a) earth rods or pipes;

(b) earth tapes or wires;

(c) earth plates;

(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);

(f) lead sheaths and metal coverings of cables which meet all of the following

conditions:

(i) adequate precautions to prevent excessivedeterioration 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; and

(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.
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Table 54.7
Table 54.8

544.1.1
542.3.1

543.1.3

542.4.2
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4.11 Typical earthing arrangements for various
types of earthing system

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

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

For TT systems protected by an RCDwith an earth electrode resistance 1 O or greater,
the earthing conductor size need not exceed 2.5 mm 2 if protected against corrosion by

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

The earthing bar is sometimes used as the MET. However, means must be provided
in an accessible position for disconnecting the earthing conductor to facilitate the
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.
On-SiteGuide
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Isolation and

switching

“2 5,1 Isolation
3205200 5.1.1 Requirement

Means of isolation should be provided:

(a) at the origin of the installation
Amainlinked switch orcircuit-breaker should be provided asameans of isolation
and of interrupting the supply on load.
For single-phase household and similar installations, wherethe main switch may
be operated by ordinary 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 a TN-S or TN-C-S
systemonly 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 areadily 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.

462.1 (e) for every supply.

5.1.2 The switchgear

537.3.2.3 The position of the contacts of the isolator must either be externally visible or be clearly,
positively and reliably indicated.

537.2.4 The device must be 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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465.1

619

46

62

5 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.

* 8.2 Switching off for mechanical maintenance

1.1 A means of switching off for mechanical maintenance is required where mechanical

maintenance may involve a risk of injury - for example, from the mechanical movement
of machinery or from 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;

(c) 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 instaled so as to prevent inadvertent or unintentional
switching on; and

(f) be installed and durably markedso 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 off

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.

3 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.

3.5 A plug and socket-outlet or similar device must not be selected asadevice for emergency

switching.
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An emergency switch must be:

53

(a) capable of cutting off the full load current, taking account of stalled motor
currents where appropriate;
(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;
537.3.3.6 (d) readily accessibleat the place where danger might occur and, where appropriate,
at any additional remote position from which that danger can be removed;
537.3.3.7 (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; and
537.3.3.6 (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.
463.1.3  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 5374 of 85 767 1allows for the use of circuit-breakers for functional ~ switching  purposes
but, in each case, the manufacturer should be consulted to establish suitability Part L of the

Building Regulations  requires local switching to be provided for lighting installations for energy
management.

37.

5.5 Firefighter's switch

537.4.2  Afirefighter's switch must be provided to disconnect the supply to any exterior electrical
installation operating ata 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 53742 to 53744 of BS 7671.
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416.2.5
462.4

514.1.1

514.10.1

Labelling

The following durable labels areto be securely fixed on or adjacent to installed equipment.
Warning notices and other relevant safety signs shall comply with BS ISO 3864,
BS EN ISO 7010, and BS EN IEC/IEEE 82079-1. Permission is given for the use of the
notice provided with the BS 951 clamp.

6.1 Retention of a dangerous electrical charge

It 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
identificaton ~ 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 notice 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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6.4 Earthing and bonding connections
514151 A permanent notice to BS 951 (Figure 6.4) or BS EN IEC/IEEE 82079-1 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 (MET), where itis not part of the main switchgear.

Y Figure 6.4 BS 951 label at connection  of earthing and bonding conductors

NOTE: An example of a label according to BS EN IEC/IEEE 82079-1 is provided in Figure 11C of
Appendix 11 of BS 7671.

6.5 Purpose of switchgear and controlgear

514.1.1 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

514.8.1 A protective device, forexample, afuse or circuit-breaker, must bearranged and identified
so that the circuit protected may be easily recognized.

6.7 Identification of isolators

537.2.7 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

514.11.1 A durable wamning notice must be permanently fixed in a clearly visible position to
identify the appropriate isolating devices, where equipment or anenclosure contains live
parts which cannotbe isolated by a single device.
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6

6.9 Periodic inspection and testing

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

¥ Figure 6.9 Label for periodic inspection and testing

IMPORTANT

This installation should be periodically inspected and tested and
areport 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 ...

The requirements of Regulation 514.12.1 need not be applied for dwellings or similar
installations where:

- the fixing of the notice is not reasonably practicable; for example, where there
is insufficient room or the location of the notice is deemed unlikely to be
beneficial; and

- an Electrical Installation Certificate, complete with Guidance and Instruction
for Recipients, as detailed in Appendix 6 of BS7671, has been issued to the
person ordering the work.

NOTE: Examples and dimensions are provided in Appendix 11of BS7671.

6.10 Diagrams

1 Adiagram, 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 againstelectric shock;

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

(d) any circuit or equipment vulnerable during a typical test, for example, 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.

NOTE: All diagrams, charts, and information or instruction notices shall comply with BS EN 61082-1,
BSEN IEC/IEEE82079-1, and, where appropriate, BS EN 81346-1.

On-SiteGuide 67

© TheInstitution of Engineeringand Technology



68

6.11 Residual current devices (RCDs)

’.2 Where an installation incorporates an RCD, a notice with the words shown in Figure 6.11

must be fixed in a permanent position at or near the origin of the installation.

¥ Figure 6.11 Notice for the testing of an RCD

This installation, or part of it, is protected by a device
which automatically switches off the supply if a fault
develops. Test six-monthly by pressing the relevant
test button(s) which should operate the device.
Afterwards, manually switch on the device. If the device
does not operate, or indicates a fault, seek expert
advice.

The requirements  of Regulation 514.12.2 need not be applied for domestic (household)
premises or similar installations where:

- thefixing of the notice is not reasonably practicable; for example, where there
is insufficient room or the location of the notice is deemed unlikely to be
beneficial; and

- an Electrical Installation Certificate, complete with Guidance and Instruction
for Recipients, as detailed in Appendix 6 of BS 7671, has been issued to the
person ordering the work.

NOTE: Examples and dimensions are provided in Appendix 11of BS7671.

6.12 Warning notice: non-standard colours

If additions or alterations have been made to an installation so that some of the wiring
complies with the harmonized colours of Table K1 in Appendix K, but there is also wiring
in the earlier colours, a warning notice may have been affixed at or near the appropriate
distribution board using the wording shown in Figure 6.12.
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Y 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.

6.13 Warning notice - alternative supplies

514.15.1 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) atthe origin of the installation;
(b) atthe meter position, if remote from the origin;
(c) atthe consumer unit or distribution board to which the additional or alternative

supply is connected; and
(d) atall points of isolation of all sources of supply.

The warning notice must use the wording shown in Figure 6.13.

¥ Figure 6.13 Label advising of multiple supplies

“ﬁuﬁt’;‘;ﬁ("" Isolate all electrical supplies
Supplies before carrying out work

Isolate primary supply at

Isolate alternative sources at

NOTE: Examples and dimensions  are provided in Appendix Il of BS 7671.
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6.14 Warning notice - high protective conductor
current

545.7.1.205 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 (see Figure 6.14).

¥ 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 (PV) systems

712.514.101 An instruction notice indicating the presence of a photovoltaic system on abuilding shall

be fixed:

(i) atthe origin of the electrical installation

(ii) atthe metering position, if remote from the origin
(iii) atthe consumer unit or distribution board to which the supply from the inverter

is connected.
V' Figure 6.15 (i) Indication showing the presence of a photovoltaic installation on

a building
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712,514,102 Each point of access to live parts on the DC side, such as distribution boards and
combiner boxes, shall have a permanent warning notice indicating that live parts may
be still energized after isolation, e.g. using the text, 'SOLARDC - Live parts can remain
energized after isolation'.

Y Figure 6.15 (ii) Label advising of live parts within enclosures in a PV system

WARNING

Solar DC

Live parts canremain energized after !

isolation. :

6.16 Warning and user instruction labels

514.9.2 Regulation 514.9.2 specifies harmonized standards to be used for user instructions and
warning signs. This permits more flexibility in the sizingof appropriate labels for particular
circumstances.

Appendix 11 of BS 7671 provides particular guidance for the types of safety signs,

warning signs and instructions required to be applied to electrical installations.
Table 6.16has been reproduced here from Table 11A of Appendix 11 of BS7671.

Y Table 6.16 Minimum Iabel text and symbol sizesto BSEN IEC/IEEE82079-1
relevant to electrical installations

Label use Recommended

minimum height

of graphical

representations

Graphical Graphical Dark on light Low contrast (e.g. white on blue,
symbols safety signs background (eg. white  on red, white on black)
black on white or
black on yellow)

General 15 mm 15 mm 14 pt (4.9 mm) 16 pt (5.6 mm)
labels

NOTE: Examples  shown here are provided for illustrative purposes  and alternative text and symbol
sizes and layouts complying with BS EN IEC/IEEE 82079-1 are permitted.
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Final circuits

7.1 Final circuits

41152 Table 7.1(ii) has been designed to enable a radial or ring final circuit to be installed
411.53.3 without calculation where the nominal voltage of the supply is at 230 V single-phase or
525.202 400V three-phase. Forother nominal voltages, the maximum circuit length given in the

table must be corrected by the application of the formula:
_LxU,

Lp=—"1552 x0.95

where:

L, isthe permitted length for voltage U,
Ly isthe tabulated length for 230 V

Uo isthe nominal voltage of the supply.

The conditions assumed are that:

(a) the installation forms part of;

(i) a TN-C-S system with a typical maximum external earth fault loop
impedance, Z of 0.35 Q; or
(i) aTN-Ssystem with atypical maximum external earth fault loop impedance,
Z. of 0.8 QO; or
(iii) aTTsystemwith residual currentdevices (RCDs)installed as describedin 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(ii);

Table 481 (d) the ambienttemperaturethroughoutthe length of the circuitdoes not exceed30 °C;
Appx 3 (e) the characteristics of protective devices are in accordance with Appendix 3 of
BS 7671,

(f) the cable conductors are of copper;
Appx 4 (?) 7 % b®" than lighting circuits, the voltage drop must not exceed 5 °/o;
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Table 41.1

74

(h) the following disconnection times are applicable:
(i) 0.4 s for circuits up to and including 63 A;and

(i) Cmin is the minimum voltage factor to take account of voltage variations
depending on time and place;
(i) 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 (ESQCR), as amended, Cmin is given the value 0.95.

The following maximum loads are assumed per circuit:

v Table 7.1()) Maximum loads assumed per circuit

Protective device Rating (A) Cl type

BS 3036 30 Ring final circuit 26

BS 3036 5 Lighting 5

BS 60898, BS 61009, BS 88-3, BS 88-2 10 Lighting 8

BS 3036, BS 88-3 5 Radial 5

BS 60898, BS 61009, BS 88-2 10 Radial 8

BS 60898, BS 61009, BS 88-2, BS 88-3 16 Radial 14.6

BS 60898, BS 61009, BS 88-2 25 Radial 20

BS 60898, BS 61009, BS 88-2, BS 88-3 32 Radial 26
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¥ Table 7.1(iii) 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?)

Description o k5 25 4 6 10 16

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 Enclosed in conduit in an 11.5 145 20 26 32 44 57
insulated wall

103 Surrounded by thermal insulation 8 10 13.5 7.5 2375 32 42,5

including in a stud wall with
thermal insulation with cable not
touching a wall

NOTES:

1 Cable ratings taken from Table 4D5 of BS 7671.
2 B* taken from Table 4D2A of BS 767 1, see Appendix F.
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¥ Table 7.1(iv) Installation methods specifically for flat twin and earth cables in
thermal insulation

Installation method Reference
method to
be used to
determine

current-carrying

capacity

Examples Description

100 Installation methods for flat twin  Table 4D5
7 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?K

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:

1 Wherever  practicable, a cable should be fixed in a positon such that it will not be covered with
thermal insulation.

2 Regulation 523.9 refers: for further information, see Appendix C (Avoidance of overheating of
electric  cables) of BS 5803-5:1985, Building  Regulations ~ Approved  Document B and the Building
Research  Establishment publication Thermal  Insulation:  avoiding  risks.
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7.2 Standard final circuits

7.2.1 Grouping of circuit cables

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

For cables of household or similar installations (heating and water heating excepted),
derating for grouping is not necessary if the following rules are followed:
(a) cables are not grouped, that is, they are separated by at least two cable
diameters when installed under thermalinsulation, 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; and
(c) cables above ceilings are clipped to joists as per installation methods 100 to
103 of Table 4A20fBS 7671.

For other groupings, for ambient temperatures higher than 30 °C or for enclosure in
thermal insulation, the cable csa will need to be increased asper 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 I/8' " of 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 nonfused 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.

Afused spur is connected to the circuit through a fused connection unit, with 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 that may be supplied by a fused spur
is unlimited.

The circuit is assumed to have a load of 20 A at the furthest point with 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 °/oof the 230 V nominal supply voltage has been allowed
in the circuits; see Appendix F.
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The circuit is assumed to have a load equal to the rated current () of the circuit
protective device, evenly distributed along the circuit. Where this is not the case, circuit
lengths will need to be reduced where voltage drop isthe limitingfactor, or halved where
the 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. Ifthe installation conditions are not
the most onerous allowed (see column 4 of Table 7.1(ii)) the voltage drop will not be as
greatas presumed in the table.

7.24 Residual current devices (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 s for a
short-circuit (line to neutral) fault. (See NOTE 1 to Table 7.1(ii) and limiting factor sc.)

7.25 Requirement for RCDs

RCDs are required:

(@) where the earth fault loop impedance is too high to provide the required
disconnection, for example, where the distributor does not providle a
connection to the means of earthing- TT earthing arrangement;

(b) for socket-outlets with a rated current not exceeding 32 A in locations where
they are liable to be used by persons of capability BAI, BAS or children (BA2, BA3);

(c) for lighting circuits in domestic  (household) premises;

411.3.3 (d) for all circuits of locations containing a bath or shower or passing through
zones 1 andfor 2 not serving the location;

(e) for circuits supplying mobile equipment not exceeding32 A for use outdoors;

(f) for cables without earthed metallic covering installed in walls or partitions at

adepth oflessthan 50 mm and not protected by earthed steel conduit or similar; and
592.6.203 (g) for cables without earthed metallic covering installedin walls or partitions with
metal parts (not including screws or nails) and not protected by earthed steel
conduit and the like.
NOTE: Metallic capping does not meet the requirements for mechanical  protection  as required b
Regulation 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 of Regulation 522.6.204, (i) or (i) 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 penetrationby nails, screws and the like in accordance
with Regulation  522.6.204(iv), except where shotfired nails are likely to be used.

Omission of RCD protection

(a) Other thanin locations where theyare liable to be used by persons of capability
BAI, BA3 or children (BA2, BA3), RCD additonal 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 applyfor aninstallation
in a dwelling.
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The risk assessment needs to be carried out by a skilled person (electrically) together
with the responsible person and must be appended to the appropriate Electrical
Installation Certificate (EIC).

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.

7.26 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 RCDto 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 lessthan 200 O; and

(c) a device giving both overload and short-circuit protection is installed in the
circuit. This may be an RCBOor 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:

i. prospective fault current;

ii. circuit load characteristics;
iii. cable current-carrying capacity; and
iv. disconnection time limit.

Whilst these factors have generally been allowed for in the standard final circuits in
Table 7.1(ii), the following additional guidance is given:

i Prospective  fault current

51 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).

3.1 The distributor needs to be consulted as to the prospective fault current at the origin of

the installation. Exceptfor 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 kKA.
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¥ Table 7.2.7(i) Rated short-circuit capacities

Devicetype Device Rated short-circuit capacity (kA)
designation
Semi-enclosed fuse to BS 3036 with S1A 1
category of duty S2A 2l
S4A 4

General-purpose fuse to BS 88-2 50 at415 V
(BS EN 60269-2)

General-purpose fuse to BS 88-6 16.5 at 240 V
80 at415V

Circuit-breakers to BS EN 60898* ‘cn 'cs

and RCBOs to BS EN 61009 d.5 (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 BSEN 60898 and BSEN 61009:

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

The difference between thetwo isthe condition of the circuit-breaker after manufacturer's
testing.
» |, isthe maximum fault current the breaker can interrupt safely, although the
breaker may no longer be usable.
» | isthe maximum fault current the breaker can interrupt safely without loss
of performance.

The |, value (in amperes) is normally marked on the device in a rectangle, for example,
|6000JA. 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 s, will equal Igs.
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The short-circuit capacity of devices to BSEN60947-2 isasspecified by the manufacturer.

ii Circuit load characteristics

(a) Semi-enclosed fuses: fuses should preferably be of the cartridge type.
However, semi-enclosed fuses to BS 3036 arestill permitted for use in domestic
and similar premises if fitted with afuse 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 BSHD 60269-3:2010/
BS 88-3:2010).  these are for use in domestic and similar premises.

(c) Cartridge fuses to the BS 88 series: three types are specified:

(i) 9C fuse links with a full-range breaking capacity forgeneral application;

(i) gM fuse links with a full-range breaking capacity for the protection of motor
circuits; and

(iii) 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 61009:
guidance on selection is given in Table 7.2.7(H).

5351:2.3

¥ Table 7.2.7(H) Application of circuit-breakers

Trip current Application
1 27to4 1, Domestic and commercial installations having little or no
B 3to 51, switching  surge

4 10 to 50 I, Not suitable for general use
D 10 to 20 I, Suitable for transformers, X-ray machines, industrial welding
equipment, etc., where high inrush currents may occur

NOTE: I 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

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

7.3.1 Floors and ceilings

522.6 Where a low voltage cable is installed under a floor or above a ceiling it must be run in

6.201

5

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:

(a) be atleast 50 mm from the top or bottom, as appropriate; or

(b) have earthed armouring or an earthed metal sheath; or

(c) be enclosed in earthed steel conduit or trunking; or

(d) be provided with mechanical protection sufficient to prevent penetration of
the cable by nails, screws and the like (note that the requirement to prevent
penetration is difficult to meet); or

(e) form part of a SELV or PELV circuit.

See Figure 7.3.1.
Vv Figure 7.3.1 Cables through joists
Maximum depth Maximum diameter

of notch should be of hole should be

0.125 x joistdepth  0.25 x joist depth

Notches on top
in a zone between

0.07 and 0.25 x span e
\//\ ’/.‘.«‘Q// ‘

Holes on centre line
in a zone between

Span

NOTES:

1 Maximum diameter of hole should be 0.25 x joist depth.

2 Holes on centre line in a zone between 025 and 04 x span.
3 Maximum depth of notch should be 0.125 x joist depth.

4 Notches on top in a zone between 0.07 and025 x span.

5 Holes in the same joistshould be atleast3 diameters apart.
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7.3.2 Walls and partitions

522.6202 A cable installed in a wall or partition must:

522.6.202 (a) beburied atleast50 mm from the surface; or
(b) be protected by a 30 mA RCDand 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

522.6.204(i) reverse side, the zoning arrangement is projected through the wall.
(c) have earthed armouring or an earthed metal sheath; or
522.6.204(1v) (d) be enclosed in earthed steel conduit or trunking; or
A (e) be provided with mechanical protection sufficient to prevent penetration of
Or(‘ﬁi) the cable by nails, screws and the like (note that the requirement to prevent
penetration is difficult to meet); or
414 (f) form part of a SELV or PELV circuit.
522.6.202

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

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

522.6.203 50 mm, be installed as (b); or
522.6.202 (i) be installed as (c), (d), () or (f).

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

92 | On-SiteGuide

© The Institution of Engineering and Technology



|7

wr
e}
]

7.4 Proximity to electrical and other services

528.3  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.

7.41 Segregation of Band | and Band Il circuits

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

(a) every cableis 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 are as follows:

(a) Band | circuit: a circuit that is nominally extra-low voltage, i.e. not exceeding
50 VACor 120V DC: for example, SELV,PELV,information and communication,
data and signalling; and

(b) Band Il circuit: a 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 information and communication cables

5282 Adequate separation between information and communication wiring (Band ) and
electric power and lighting (Band IlI) circuits must be maintained. Thisisto prevent mains
voltage appearing in telecommunication circuits with consequent danger to personnel.
BS 6701 :201 6+A1:2017 requires thatexternalcables have minimum separation distances
according to BSEN 50174-3, and that internal cables are separated by the greater of the
requirements  presented by either BS EN 50174-2 for electromagnetic  compatibility, or
the following requirements for safety:

(a) atleast 50 mm where one or more of the following conditons are met:
(i) the LV electricity supply cables are enclosed in a separate conduit or
trunking which, if metallic, is bonded in accordance with BS 7671;
(i) the LV electricity supply cables are of a mineral-insulated  type;
(i) the LV electricity supply cables are of an earthed armoured construction;
(iv) the LV electricity supply cables are of a flexible, insulated and sheathed
type (e.g. "kettle leads" supplying LV mains power to telecommunications
equipment in cabinets); or
(v) where the separation is provided and maintained by a protective partition
as specified in BS7671; or
(b) atleast 150 mm in all other cases.
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7.4.3 Separation of gasinstallation 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; and

(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+Al:2019.  Specification for the
Note installation and maintenance of low pressure gas installation pipework of up to 35 mm

(RI'7)  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.

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. The effect can
be reduced by connecting as shown in Figure 7.4.4.
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¥ Figure 7.4.4 Circuit for reducing interference with induction loop
switch feed :
line neutral
«switch
wire
light point
2-way switch
common
@ >— cores grouped
together
strappers —
2-way switch
circuit shown switched off
NOTE: Black/grey switch conductors are tobe identified in accordance with Table KI.

7.5

Earthing requirements for the installation of

equipment having high protective conductor

current

7.51 Equipment

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.
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(b) a flexible cable with an industrial plug and socket to BS EN 60309-2,
provided that the protective conductor of the associated flexible cable is of
cross-sectional area not less than 2.5 mm ? for plugs up to 16 Aand not less
than 4 mm 2 for plugs rated above 16 A.

(c) a protective conductor complying with Section 543, with an earth monitoring
system to BS4444 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

543.7.1.203 The wiring of every final circuit and distribution circuit having a protective conductor
current likelyto exceed 10 mA must have high integrity protective conductor connections

complying with one or more of the following requirements:
(a) a single protective conductor having a cross-sectional area not less than
10 mm 2 complying with Regulations 543.2 and 543.3;
(b) a single copper protective conductor having a csa not less than 4 mm 2
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;
543.7.1.203 (c) twoindividual protective conductors, each complying with Section 543; and/or
(d) earth monitoring or use of a double-wound isolating transformer.

¥ Figure 7.5.2 Typical isolation transformer used to localize the effect of protective
conductor currents from a single item of equipment

transformer with at least
TN-C-S supply simpie separation L[

“ P
1

Y
- e = internal
components

=
[ R

appliance with protective

bn l 4._1' conductor current > 10 mA

—— protective conductor current localized to secondary of transformer

NOTE: Information should be provided at distribution boards to indicate circuits with high protective

conductor currents (see 6.15).
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7.5.3 Socket-outlet final circuits

Fora 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 asaring (Figure 7.5.3(ii)); or
(i) anadditionalprotectiveconductor providedby metal conduit,trunkingor ducting.

¥ Figure 7.5.3(I) Ringfinal circuit supplying socket-outlets

iR

PE

Distribution === fow ==
board &

101615)

NOTE: Separate terminals for connections at the socket outlets is not a requirement.

¥ Figure 7.5.3(H) Radialfinal circuit supplying socket-outlets with duplicate
protective conductors

PE
S
97 '
S*W Y Duplicate protective conductor. Keep close
8 R to circuit conductors to reduce EMC effects
\ v
© | A
|
T |

Distribution )
board *w

NOTE: Separate terminals for connections at the socket outlets is not a requirement.
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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. Forelectrical systems in office furniture and
educational furniture, BS 6396:2008+A1:2015 currently applies for installations supplied
viaa 13 ABS 1363 plug.

The following points should be adhered to:

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

» cables of Band | and Band Il circuits are 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 desks,
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.

» the 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+A1:2015).

» cables should be suitably located and sufficiently protected so that they
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 acrossthe metallic frame
of an item 'of furniture unless the frame has been designed to be used as a protective
conductor or the manufacturer's instructions require it.

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

(a) SELVor PELV;or
(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 IPXXDor IP4Xand covers
must only be removable by the use of a tool. It is very important that the IP rating of
IPXXDor IP4Xis maintained where site-fabricated joints are utilized.
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7.8 Additions and alterations

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

(a) the rating of the existing equipment must be suitable for the additon 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; and

(c) the earthingandbonding arrangements, if necessary forthe protective measure
applied to the addition or alteration, are adequate.

Where the work is an addition to an existing circuit, the designerfinstaller  takes
responsibility  for the circuit, so far as is reasonably practicable, in addition to the items
(a) - (c) above, not just the not just the small addition or alteration they are undertaking.
There is no difference as to whether the additionor alteration is temporary or permanent
and compliance with BS 7671 must be ensured in all circumstances.

Consumer units in dwellings

BS 7671 requires non-combustible consumer wunits to be installed in domestic
(household)  premises; see 2.2.6 of this Guide.

Installers adding or amending circuits in dwellings will encounter older consumer units,
i.e. those not complying with Regulation 421.1.201, for many years to come. Itis important
that installers do not advise the replacement of consumer units simply because they do
not 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 andsecure; this mayinvolve seekingthe 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, and not just those relating to the addition or alteration;

(b) there are no signs of overheating; and

(c) all covers, shields and barriers supplied when originally installed are present
andin agood, serviceable condition.

It must be verified for all conductor/busbar connections that:

(i) terminals are not clamping onto insulation;

(ii) conductor are not damaged, for example, through cuts or nicks 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; and

(v) no undue mechanical strain is placed on the electrical connection,
particularly incoming  tails.
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So far as is reasonably practicable, confirm thatincorporated components such
as amain switch, circuit-breakers, RCBOs, RCCBs,etc., are not the subject of any
product recall. This could be achieved by direct questioning to the manufacturer.

Installation and use of non-standard cables

512.1.5

100

Forthe purposes of this Guidance Publication and to ensure compliance with BS 7671, the
installation and use of non-standard cables, such as SY,CY and YYcables is discouraged.

The letters signify the following:

S - steel braid

Y-PVC

C - copper braid

They are used to identify the following:

SY cables: steel braided, usually translucent sheath, PVCinsulated flexible conductors
YY cables: usually grey PVCsheath, 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 Harmonized 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 organization and
installers should ensure thatall cables purchased have manufacturers' identification and
a specification reference/standard number printed on the sheath to enable testing, if
necessary, and traceability.

710 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 Electromagnetic
Compatibility (EMC) Regulations 2016 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 these
Regulations.
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7.11 Wiring systems in escape routes

In buildings where evacuation is declared as via designated escape routes cables must
not encroach on escape routes unless they meet the recommended requirements of

the relevant part of BSEN 60332-3 series and achieve atleast 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 BSEN 61386;

(ii) 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 BSEN 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 donot 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 CPRin respect of their reaction to fire. See
BS7671 Appendix 2, item 17.

Cables 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
regulations.

7.11.1 Protected escape routes

A protected escape route is defined as:

"A route enclosed with specified fire-resisting construction designated for escape to a
place of safety in the event of an emergency”, and guidance on protected escape routes
is given in Appendix 13 of BS 7671.

Cables or other electrical equipment shall not be installed in a protected escape route
unless they are part of an essential fire safety or related safety system. There may also
be socket-outlets provided for cleaning or maintenance.

This generally means that cables in a protected escape route should be limited to
lighting, emergency lighting and fire detection and alarm systems, although cables for
other safety systems may be necessary.
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Only cables that meet the following requirements shallbe installed in protected escape routes:

Where used, cable management
and shall be of limited smoke production

Cables in escape routes shall be as short as practicable.

routes shall not be installed within arm's reach unless they are provided with protection
against mechanical

resistance to flame propagation according to the recommended requirements
of the relevant partof BSEN60332-3 (series) or, where cable management systems

according to (i) or (i) below are used, to the recommended requirements  of
BS EN 60332-1-2; and

aminimum of 60 °/olight transmittance when tested in accordance with BSEN 61034-2.

systems shall be one or more of the following
so as not to inhibit escape:

types

(i) conduit systems classified asnon-flame propagating according to BSEN 61386;

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

(iii) cable tray and cable ladder systems
according to BSEN 61537; or

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

classified as non-flame  propagating

Cables encroaching on escape

damage likely to occur during an evacuation.
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Locations containing @ -

a bath or shower

8.1 Summary of requirements

701 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 canbe summarized as follows:

701.411.3.3 (a) all low voltage circuits serving the location must be protected by 30 mA residual
current devices (RCDs);
701.411.3.3 (b) all low voltage circuits passing through zones 1 and 2 but not serving the
location must be protected by 30 mA RCDs;
701.512.3 (c) socket-outlets, for example, BS 1363, are not allowed within 2.5 m of zone 1
(the edge of the bath or shower basin);
701.512.2 (d) protection againstingress of water is specified for equipment within the zones,
see Table 8.1 and Figures 8.1(i) to 8.1(iii); and
701.512.3 (e) there are restrictions asto where appliances, switchgear and wiring accessories

may be installed, see Table 8.1 and Figures 8.1(i) to 8.1(iii).

701 The space under the bathtub or shower basin is considered to be zone 1. However,
701325 where the space under a bath is only accessible by a means of atool, this is considered
7019125 o be outside the zones. Should it be necessary to connect electrical equipment beneath
a bath, for example, whirlpool units, the connection must comply with Regulation
701.512.3, meaning that socket-outlets would not be permitted beneath a bath.

701 The inside of an airing cupboard in a bathroom is deemed to be outside the location
701323 and must effectively limit the extent of the location, just as a bathroom door separates
701“:2]? 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, that circuits
supplying equipment in the airing cupboard are provided with additional protection by

an RCDrated at 30 mA.

7014145 Where SELVor PELVis used in zones 0, 1 and 2, a source described in Regulation
414.3(iv) shallnot be used.
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701.415.2 Supplementary bonding of locations containing a bath or shower is required unless all of
the following requirements are met:

411.3.2.2 (*) all circuits of the location meet the required disconnection times;
701.411.3.3 (b) all circuits of the location have additional protection by 30 mA RCDs;and
(c) all extraneous-conductive-parts within the location are effectively connected
by main protective bonding conductors to the MET of the installation.

NOTE: An example ofthisis where a metalic water service pipe enters the building in the bathroom
and would be connected to the MET of the electrical installaon by means of a main protective

bonding  conductor.

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

Zone Minimum Current-using equipment Switchgear and accessories

degree of
protection

0 IPX7 Only 12 VAC rms or 30 V Noné allowed.
ripple-free DC SELV, the safety o
source installed  outside the

zZones.

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

shaver supply units complying
with BS EN 61558-2-5 if fixed
where direct spray is unlikely.
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¥ Figure 8.1(i) Zone dimensions in a location containing a bath

Section Plan

e il L

Zone 2 . butside Zones

‘Outside Zones

W recess Zone 2 - %)
do 225m y

0.6 m—s

Yo

The space under the bath is:

Zone 1if accessible without the use of a tool
outside the zonesif accessibleonly with the use of
a tool

S = thickness of partition

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

Section Plan

Recess above ceiling

Luminaire

Zone 2

06m-—  Qutside Zones

S =thickness of partition
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753.411.3.2
415.1.1
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415.1.1

753.415.1
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¥ Figure 8.1 (iii) Zones in a location containing a shower without a basin, but with
a partition

Section Plan

Ceiling

Fixed water

Outside Zones

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 aroom 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 RCDrated at 30 mA.

8.3.2 Other areas

In areasother than special locations, Class | heating units that 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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132.14.1

Inspection and 9

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 asis reasonably practicable, that the requirements
of the Regulations have been met.

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

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

9.2 Inspection

'9.21 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 BS7671 (and, if appropriate,
its own standard); and
(b) not visibly damaged or defective so asto impair safety.

9.2.2 Inspection checklist

The inspection must include at least the checking of relevant items from the following
checklist:
(a) 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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(f) correct connection of accessoriesand equipment (including polarity);
(g) presence of fire barriers, suitable sealsand protection againstthermal effects;
(h) methods of protection against electric shock:
(i) basic protection and fault protection, i.e.;
> SELV;
> PELV;
| 4 double insulation; and
> reinforced insulation.
(ii) basic protection, i.e.;
> insulation of live parts;
| barriers or enclosures.
(iii) fault protection;
> automatic disconnection of supply.

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

+ Earth electrode(s) (where applicable);
+ 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.
(iv) additional protection by RCDs;
(i) prevention of mutual detrimental influence (refer to 7.4);
(j) presence of appropriate devices for isolation and switching correctly located;
(k) presence of undervoltage protective devices (where appropriate);
(I) labelling of protective devices including circuit-breakers, RCDs, fuses, switches
and terminals, main earthing and bonding connections;
(m)selection of equipment and protective measures appropriate to external
influences;
(n) manual operation of circuit-breakers, RCDsand AFDDsto prove functionality;
(o) confirmation that integral test button/switch causes RCD(s) to trip when
operated (functional check);
(p) confirmation overvoltage protection (SPDs)provided where specified;
(q) adequacy of accessto switchgear and equipment;
(r) presence of danger notices and other warning signs (see Section 6);
(s) presence of diagrams, instructions and similar information; and
(t) erection methods.
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9.3 Testing

Testing must include the relevant tests from the following checklist.

6431 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.

9.3.1 Testing checklist

(a) Continuity of conductors:

(i) protective conductors including main and supplementary bonding
conductors; and

(if) ring final circuit conductors including protective conductors.

(b) The insulation resistance shall be measured between:

(i) live conductors; and

(i) live conductors and the protective conductor connected to the earthing
arrangement. During this measurement, line and neutral conductors may
be connected together.

(c) Polarity: 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) Phase sequence testing.

(h) Functional testing, including:

(i) testing of RCDs;and
(i) operation of all switchgear.
643.11 (i) Verification of voltage drop (not normally required during initial verification).
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HSR25, EAWR
Regulation 14

641.1

643.1

643.1

GS38

Guidance on

initial testing of
installations

10.1 Safety and equipment

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

(a) it is unreasonable in all the circumstances for it to be dead;

(b) itis reasonable in all the circumstances for the work to be carried out; and

(c) suitable precautions are taken to prevent injury.

Live testing of electrical installations is, therefore, reasonable asitisa recognized method
of assessing the suitability and safety of an electrical installation. However, suitable
precautions must be taken including employing the correcttest 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, while
working through test procedures. When using test instruments, this is best achieved by
precautions such as:

(a) knowledge and experience of the correct applicaton and use of the test
instrumentation, leads, probes and accessories (this is of the greatest importance);
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 BSEN 61010 or BSEN 61557 for instruments;
checking before each use that all leads, probes, accessories (including all
devices such as crocodile clips used to attachto 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; and

(b

-

(c

-

(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 probesand leads.
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10.2 Sequence of tests

NOTE: The advice given does not preclude other test methods

Tests should be carried outin the following sequence:
10.2.1 Before the supply is connected (i.e. isolated)

(a) continuity of protective conductors, including main and supplementary bonding;
(b)  continuity of ring final circuit conductors, including protective conductors;

(e) insulation resistance;

(d) polarity (by continuity method); and

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

10.2.2 With the supply connected and energized

(f) check polarity of supply, using an approved voltage indicator;

(g) earth electrode resistance, using a loop impedance tester;

(h) earth fault loop impedance;

(i) prospective faultcunent measurement,if not determinedby enquiry of the distributor;and
i) functional testing, including residual current devices (RCDs) and switchgear.

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

10.3 Test procedures

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, and the 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 additon to checking the continuity of the protective

conductor, also measures (R| + R2) which, when added to the external impedance

(Z , enables the earth fault loop impedance (Z;)to be checked against the design, see
10.3.6. One other advantage of test method 1 is that it confirms polarity at each point
on the circuit and this can also be recorded on the certification.

NOTE: (Ri + R:) is the sum of the resistances of the line conductor (R1) and the circuit protective
conductor  (Ri) 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 (R1+ R2) 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
Testmethod | or 2 used to prove continuity.

643.2.1i 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 the line and earth terminals ateach pointin the
circuit. The measurement at the circuit's extremity should be recorded and is the value
of (R, + Rj) 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

Temporary
link

Main switch off, secured by safety locking device.

All fuses removed, circuit breakers off.

Zero instrument across test link.

Note: remember to remove temporary link after test.
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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 MET.

Connect the other terminal of the instrument to another test lead and use this to make
contact with the protective conductor atvarious 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 if 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).

Y Figure 10.3.1(ii) Continuity Test method 2

Main switch off, secured by safety locking device.
All fuses removed, circuit breakers off.
Zero instrument through wander-lead.

il 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 protective bonding conductor disconnected from the installation
MET. 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 extraneous-conductive-parts.

NOTE: One end of the main protective  bonding  conductor ~ must be disconnected for the continuity

test to eliminate  any parallel paths and confirm actual continuity of the conductor.
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The continuity and connection verified boxes on the Electrical Installation Certificate
(EIC) 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.

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 ri, r, and r,, 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 O) if the conductors are all of the same size. If the protective
conductor has a reduced csathe resistance, r,, 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.

Y Figure 10.3.2(i) Step 1: The end-to-end resistances of the line, neutral and

protective conductors are measured separately

a. measure rq b. measure r, C. measure r;

re 21 14
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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 retumning neutral conductor
and vice versa (see Figure 10.3.2(ii)). The resistance between the 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-quarteroftheresistance of theline, plus the neutralloop resistances, i.e (ry +r1.)/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, with  these  progressively
increasing in value as readings are taken towards the midpoint of the ring, then decreasing

again towards the other end of the ring.

Y Figure 10.3.2(ii) Step 2: Theline and neutral conductors are cross-connected
and the resistance measured at each socket-outlet

connector blocks

Step 3

The above step is then repeated, this time with the line and cpc cross-connected atthe
distribution  board (see Figure 10.3.2(iii)). The resistance between the line and cpc is
measured at each socket-outlet. Where the line and cpc conductors are the same copper
equivalent csa 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. (| + r5)/4.

Where the cpc has a different csa to the line conductors, for example where flat
twin-and-earth  cable is used, the resistance will increase asthe tests move around the
ring from the origin of the circuit, to a maximum of approximately (ry + rp)/4 at the
mid-point  of the ring, and decrease as the test point moves back towards the origin of
the circuit. Information on the expected maximum and minimum values canbe found in
Table 2.8 IET Guidance Note 3.
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As before, a higher resistance value will be measured at any socket-outlets wired as
spurs. The highest value recorded represents the maximum (R|+ R2)of the circuit and is
recorded on the Schedule of Test Results. The value canbe used to determine the earth
fault loop impedance (Zg) of the circuit to verify compliance with the loop impedance
requirements of BS 7671 (see 10.3.6).

¥ Figure 10.3.2(iii) Step 3:The line conductors and cpcare cross-connected  and
the resistance measured at each socket-outlet

w——— INe

connector blocks

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 isthen required to confirm the correct polarity of the connections, and
dispenses with the need for a separate polarity test.

10.3.3 Insulation resistance

i Pre-test checks

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

(b) Where connected equipment s likely to influence the measurement or result
of the test, or be damaged, the test shall be applied prior to the connection of
such equipment, in accordance with Table 64 of BS 7671.

ii Tests
The insulation resistance shall be measured between:

(i) live conductors; and

(ii) live conductors and the protective conductor connected to the earthing
arrangement. During this measurement, line and neutral conductors may be
connected  together.

Testsshould be carried out using the appropriate DC test voltage specified in Table 10.3.3.
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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
breakers closed, lamps removed and other current-using equipment disconnected; see
Figure 10.3.3(i).

¥ Figure 10.3.3()) Insulation resistance test of the whole installation

Test with 2-way switches in
all combinations.

Main switch off, secured by safety
locking device.

All fuses inserted, circuit breakers on.
Loads disconnected.

General lighting service (GLS)lamps Meansof earthingand
removed. Switches "on". main bonding connected.

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 acircuit 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 Testvoltage  Minimum insulation

(VDC) resistance (MQ)

SELVand PELV

NOTES:

1 Insulation  resistance measurements are usually much higher than those of Table 10.3.3.
2 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, an insulation resistance value of only 1 MQ
complies with BS7671. However, where the insulation resistance measured is less than
20 MQ the possibility of a latent defect exists. In these circumstances, each circuit should
then be tested separately.

.22 Where connected equipment is likely to influence the measurement or result of the test,

or be damaged, the test shall be applied prior to the connection of such equipment, in
accordance with Table 64 of BS 7671. Following connection of the equipment, a test
at 250 V DC shall be applied between live conductors and the protective conductor
connected to the earthing arrangement. The insulation resistance shall have a value of
at least 1 MQ.

iii  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(i)).

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

B

Test with 2-way and
intermediate switches in all
combinations.

Main switch off, secured by safety
locking device.

All fuses inserted, circuit-breakers on.
Loads disconnected.

General lighting service (GLS)lamps
removed. Switches "on" .

Means of earthing and
main bonding connected.

NOTE: The test may initially be carried out on the complete installation.
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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 atatimeand the circuit subjected to additional insulation
resistance tests.

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

Test with 2-way switches in
all combinations.

Main switch off, secured by safety
focking device.

All fuses inserted, circuit breakers on.
Loads disconnected.

General lighting service (GLS) lamps
removed. Switches “on”.

Means of earthing and
main bonding connected.

NOTES:

1 The test may initially be carried out on the complete installation.

2 Earthing and bonding connections are in place.
The earthing conductor must connect the MET to the means of earthing when testing for
certification purposes is carried out.

Three-phase

Test to earth from all live conductors (including the neutral) connected together. Where
alow 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 SELVand PELV circuits

Test between SELVand PELVcircuits and live parts of other circuits at 250 V DC.

Test between SELVor PELV conductors at 250 V DC and between PELV conductors and
protective  conductors of the PELVcircuit at250 V DC.
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Resistance readings obtained should be not less than the value stated in Table 10.3.3.

NOTE: In situations ~ whete the SELV andlor PELV conductors are separated by just insulation, such as
within  a multicore cable with LV circuits, then the test voltage shall be increased to 500 V DC

and the insulaton resistance shall be not less than | MQ.

Vi FELV circuits

FELV circuits 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 already have been carried
out (see 10.3.1). Forring finalcircuits avisual check may be required (see 10.3.2 following
step 3). When testing polarity on lighting circuits it is important to ensure all lamps are
removed prior to testing. This will enable any reverse polarity issues to be identified.

It isimportant to confirm that:

(a) overcurrent devices and single-pole controls are in the line conductor;
(b) except for EI4 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.

Y Figure 10.3.4 Polarity test on a lighting circuit

[COIOCICCCLR T LR R T COOT T

Temporary shorting link

Polarity test is carried out at single-
pole switching devices, and screw-
type lampholders (except E14 and E27
to BS EN 60328).

NOTE: The test may be carried out either at lighting points or switches.

On-SiteGuide | 121

© Thelnstitution of Engineeringand Technology



101

122

After connection of the supply, correct polarity must be confirmed at the incoming
terminals of the main isolator using a voltage indicator or a testlamp (in either case with
leads complying with the recommendations of HSE Guidance Note GS 38).

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, where fitted, and a test
performed. Alternatively, a test is made with the installation isolated from the source of
supply and secured and the connection to the earthing conductor disconnected from
the installation. This impedance reading is treated as the electrode resistance and is
added to the resistance of the protective conductor for the protected circuits. The test
should be carried out before energizing the remainder of the installation.

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

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

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

REMEMBER TO RECONNECT THE EARTHING CONDUCTOR OR REPLACE THE
TEST LINK AFTER THE TEST.

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 Cl and Pl of a
four-terminal earth tester. Toexclude 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, with 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 fora 3 m long rod electrode. With an auxiliary
electrode, T2, inserted halfway between the electrode under test, E, and temporary
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electrode TI, 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 TI, provided 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 thethree testsare substantially the same, the average of the three readings is taken
asthe resistance of the earth electrode under test.If the results obtained are significantly
different, the above procedure should be repeated with test electrode TI placed further
from the electrode under test.

¥ Figure 10.3.5.2 Earth electrode test

Temporary test

Test spike
(current)

Electrode
under test

The instrument output current may be AC or reversed DC to overcome electrolytic
effects. As these types of test instrument employ phase-sensitive detectors (PSDs),

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.
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10.3.6 Earth fault loop impedance

The effectiveness of the distributor's earth must be confirmed by a test.

The external impedance (Z 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 MAIN
EARTHING TERMINAL AFTERTHE Z. TEST.

The earth fault loop impedance  (Zg) is required to be determined for the furthest point
of each circuit. It may be determined by:
(a) direct measurement  of Zg; or
(b) direct measurement of Z. atthe origin and adding (R, + Rj) measured during
the continuity tests (see 10.3.1 and see 10.3.2) {Zs= Z,+ (R|+ R2)); or
(c) adding (R1 + R measured during the continuity tests to the value of Z
declared by the distributor  (see 1.1(d) and 1.3(d)).

Direct measurement of Zg canonly be made on a live installation.  Neither the connection
with earth nor the bonding conductors are disconnected. The reading given by the loop
impedance tester will usually be less than Z, + (R| + R2) 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 faultloop impedance in O should not exceed 50 V.
This test should be carried out before energizing other parts of the system.

NOTE: For further information on the measurement of earth fault loop impedance, refer to IET

Guidance Note 3.

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 installaion may increase fault levels.

Designs should be based on the maximum fault current provided by the distributor (see 72.7(1)).
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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

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

10.3.9 Functional testing

RCDs should be tested as described in Section 11.

Switchgear and 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.

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

Where nosuch 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.

Appendix 4, paragraph 6.4, gives maximum values of voltage drop for both lighting and
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 RCDis 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 ahealthy circuit, where there isno 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 pre-set limit, the residual operating current

(an-

¥ Figure 11.0 RCD operation

Test circuit
Exposed-conductive-part

Test button — .= l
Contacts

Fault

L ®
T Toroid

/
rip coil%F
puns o

N ey

- J
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=37 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 RCCBsto BS 4293 and
RCDprotected socket-outlets and fused
connection units to editions of BS 7288
earlier than 2018

NOTE: These standards have been withdrawn and replaced by BS EN 61008-1:2004+703:2012 and
BS 7288:2016; however, RCCBs, SRCDs and FCURCDs to these standards may stillbe found
in older installations.

(a) With a leakage current flowing equivalent to 50 °/oof the rated tripping current
of the RCD, the device should not open.

(b) With a leakagecurrent flowing equivalent to 100 °/oof 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 °/oof the rated time delay
plus 200 ms".

11.3 General-purpose RCCBsto BSEN 61008 or
RCBOsto BSEN 61009 and BS EN 62423

(a) With a leakage current flowing equivalent to 50 % of the rated tripping current
of the RCD,the device should not open.

(b) With a leakage current flowing equivalent to 100 °/o 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 anintentional time delay.In this case,
it should trip within atime rangefrom 130 msto 500 ms.

11.4 RCDprotected socket-outlets and fused
connection units (FCU)to BS 7288:2016

(a) With a leakage current flowing equivalent to 50 °/oof the rated tripping current
of the RCD,the device should not open.

(b) With aleakagecurrent flowing equivalentto 100 °/oof the rated tripping current
of the RCD,the device should open in less than 300 ms.

NOTE: These RCDs are only to be used for additional protection  and not for fault protection as they

only provide protection for the connecting cable and equipment and not for the upstream
circuit conductors.
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11.5 Additional protection

NOTE: Regardless of RCO type, effectiveness is deemed to have been verified where an RCD
disconnects within the time stated below with an alternating current test at rated residual

operating current (Izx,):
For general non-delay type, 300 ms maximum.

11.6 Integral test device

An integral test device is incorporated in each RCD.Thisdevice enables the electrical and
mechanical parts of the RCDto be verified, by pressing the button marked T or 'Test'
(see 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; or

(c) any other part of the associated installation earthing.

The test button will only operate the RCDIif the device is energized.

Confirm that the notice to test RCDssix-monthly (by pressingthe 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 a 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 does not meet the
required disconnection time, yet the tests on the other two poles are satisfactory, the
device should be considered faulty and replaced.
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Chapter 82

Prosumer’s electrlcal 12

installations

12.1 Prosumer's installations

Chapter 82 of BS 7671 provides the additional requirements, measures and
recommendations for the design, erection and verification of all types of low voltage

electrical installations identified in the Scope (Chapter 11) of BS7671, including the local
production andfor storage of energy in order to ensure compatibility with existing and
future ways to deliver electrical energy to:

(a) current-using equipment; or

(b) the public network

by means of local sources of electrical energy.

Such electrical installations are designated as prosumer's electrical installations (PEls).

A PElis a set of electrical equipment having the following functions (see Figure 12.1):
(i) supply (e.g.connection to a public power supply, local generator, photovoltaic
systems, wind turbines, batteries);
(i) distribution (e.g.distribution panel, wiring systems);
(iii) consumption (e.g.motors, heating systems, lighting, lifts); and
(iv) electrical energy management system (EEMS)(e.g.load shedding equipment,
monitoring device).

NOTE: Abattery can be considered as a generator and asa load.

An uninterruptible power supply (UPS) is not considered to form part of a PEIl as the
purpose of a UPS is only to supply downstream critical loads and is not capable of
reverse feeding the public network and/or current-using equipment in the upstream part
of the electrical installation.
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Vv Figure 121 Example of prosumer's electrical installations
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1 Public network 9 Other generators
2 Home appliances and electronic devices 10 Electric storage
3 Motors 11 EEMS
4 Lighting 12 Origin of installation
5 Heaters 13 Local distribution
6 Electric vehicles 14 Local generation
T Solarinverter 15 Local consumption
8 Wind inverter 16 Management signals
In a PEIl, an installaton owner may consider independently the supervision and the
control of different power supplies connected to the electrical installation in order
to supply efficiently and cost-effectively all the electrical loads connected to this low

voltage electrical installation.

Chapter 82 of BS 7671
sustainability

provides requirements
and efficient use of energy when

It does not cover electrical
installations and standby electrical

for PEls to achieve safe operation,

are operated only occasionally and for short periods,

for testing purposes.
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12.2 Typesof prosumer's electrical installation

There are different types of PEI:

(i) individual (see Regulation 824.3);
(ii) collective (see Regulation 824.4); and
(iii) shared (see Regulation 824.5).

12.3 Operating modes

The main operating modes that may be adopted for each type of PEI (individual,
collective or shared) are:

(i) direct feeding mode;
(ii) reverse feeding mode; and
(iii) island mode.

Storage units can:
(i) supply current-using equipment;
(ii) be charged by local power supplies; or
(iii) be charged by the public network.

Except when operating in island mode.

Local power supplies can supply:
(i) current-using equipment;
(i) local storage units; or
(iii) the public network.

Except when operating in island mode.

Transfer both from and to the direct feeding mode to island mode and vice versa can
be achieved by operating the switching device for islanding; this can be either directly
controlled (manually or remotely) or automatically controlled.

Switching from one mode to another can be done if the generators and/or converters are
synchronized with the network (providing the requirements of Regulation551 are met).

Selection of the possible operating modes may depend on the contract with the
distribution network operator (DNO).

Technical requirements for the design of the PEIl according to the selected operating
mode are provided in Section 826 of BS 7671.

The general principles and types of PElare described in BS7671: Annex A82.

Examples of operating modes are contained in BS7671: Annex B82.
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Appendix

Maximum demand
and diversity '

3n 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 or industrial and large commercial premises; such installations should be
assessed on a case-by-casebasis.

The current demand of a final circuit is determined by adding the current demands of
all points of utilization 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 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.I." (full load), as percentages of the rated full load current of the current-using
equipment. The current demand for any final circuit that 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 assessingthe 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 chosen will be the responsibility of the
installation designer.
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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 has been met.

Y Table Al Current demand to be assumed for points of utilization and
current-using equipment

Point of utilization 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

socket-outlet is incorporated in the control unit

NOTES:

1 See Appendix H for the design of standard circuits using socket-outlets to BS 13632 and
8S EN 60309-2 (BS 4343).

2 Final circuits for discharge lightihng must be amanged so as to be capable of camying the total steady
current,  which is made up 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 (VA) 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 (PF) of not less than 0.85 lagging, and takes into account
controlgear losses and harmonic  current.
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Appendix

Maximum permissible

measured earth fault
loop impedance

643.7.3 The tables in this appendix provide maximum permissible measured earth fault loop
411.4.201 impedances (ZS) for compliance with BS 7671 where the standard final circuits of
411.4.205 Tgble 7.1(ii) are used. The values are those that must not be exceeded in thetests 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 BS6004, Table 3, 4 or5 of BS7211,
Table Bl or B.2 of BSEN 50525-3-41 or are other thermoplastic  (PVC) or thermosetting
(low smoke halogen-free - LSHF) cables to these British Standards and the cableloading
is such thatthe 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 2 to 16 mm?
cross-sectional area (csa); and

(b) an overcurrent protective device (i.e. a fuse) to:

(i) BS3036 (Table BI);

(ii) BS8822 and BS 88-6 (Table B2);
(ifi) BS88-2 (BS EN 60269-2) (Table B3);
(iv)BS 88-3 (Table B4); or

(v) BS 1361 (Table BS).

For each type of fuse, two tables are given:

411.3.2.2 » where the circuit concerned s 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

411.3.2.3 » where the circuit concerned is a final circuit exceeding 32 A or a distribution
circuit, and the disconnection time for compliance with Regulation 411.3.2.3
is 5 s for TN systems.

54313 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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B Appendix

Table B6 gives the maximum measured Z; for circuits protected by circuit-breakers to
BS3871-1 and BSEN 60898 and RCBOsto BSEN 61009.

NOTE: The impedances tabulated in this appendix are lower than those in Tables 412, 41.3 and
414 of BS 7671 as the impedances in this appendix are measured values at an assumed
conductor temperature of 10 °C while 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 adiabatc equation of
Regulation 543. 1.3. A value of k of 115 from Table 54.3 of BS 767 1 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.

¥ Table Bl Semi-enclosed fuses. Maximum measured earth fault loop
impedance (in 2) at ambient temperature where the overcurrent
protective device is a semi-enclosed fuse to BS3036

i 0.4 s disconnection (final circuits not exceeding 32 Ain TN svstems)

Protective Fuserating
conductor (mm 2)

ii 5 s disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)

Protective Fuserating
conductor (mm 9

P 291 2.0 1.0 NP

> 6.0 2.91 2.0 {7 0.85

NOTE: NP means that the combination of the protective conducter and the fuse is Not Permitted.
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Y Table B2 BS88-2.2 and BS88-6 fuses. Maximum measured earth fault loop
impedance (in Q) at ambient temperature where the overcurrent
protective device is a fuse to BS 88-2.2 or BS88-6

i 0.4 s disconnection (final circuits not exceeding32 A in TN systems)

Protective Fuse rating

copg ieor (r) 16 A 20 A 25A 2A

1.0 6.47 50 2.06 1.34 1.09 0.62

>25 6.47 39 2.06 1.34 1.09 0.79

ii 5 s disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)
Protective : Fuse rating
conductor (mm?
gUedcIo ) 25A 32A 40A 50A
1.0 1.46 1.17 0.62 NP NP NP NP NP

6.0 2.21 1.75 14 1.03 0.79 062 0.34 019

16.0 22 175 14 1.03 0.79 0.62 0.44 0.32

NOTE: NP means thatthe combination of the protective conductor and the fuseis Not Permitted.
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Y Table B3 BS88-2 (BS EN60269-2) fuses. Maximum measured earth fault loop
impedance (in Q) atambient temperature where the overcurrent
protective device is a fuse to BS 88-2 (BS EN 60269-2)

0.4 s disconnection (final circuits not exceeding32 A in TN systems)

Protective Fuse rating
sdndusiol tnie) 6A 10A 16A 0A 25A @A

ii 5 s disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)

Protective Fuse rating
2
Rttt (min) 32A 40A 50A 63A

25 224 150 1.4 1.0 0.5 0.3 NP NP

6.0 2.24 fafe aig) 1.0 0.79 0.62 0.3 0.19

16.0 2.24 i 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.
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Y Table B4 BS 88-3 fuses. Maximum measured earth fault loop impedance
(in Q) at ambient temperature where the overcurrent protective
device is a fuse to BS 88-3

i 0.4 s disconnection (final circuits not exceeding 32 A in TN systems)

Protective Fuse rating

conductor (mm?)

1.0 7.9 1.84 1:55; 0.6

ii 5 s disconnection (final circuits exceeding 32 A and distribution circuits
in TN systems)

Protective Fuse rating
conductor (mm?)

1.0 213 gss . NE NP NP NP

25 2.57 13 0.55 0.24 NP NP

16.0 257 125 0.76 055 0.4 0.3

NOTE: NP means thatthe combination of the protective conductorand the fuse is Not Permitted.
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v TableB5 BS 1361 fuses. Maximum measured earth fault loop impedance
(in Q) at ambient temperature where the overcurrent protective
device is a fuse to BS 1361

0.4 s disconnection (final circuits not exceeding 32 Ain TN systems)

Protective Fuserating

conductor (mm %)

1.0 795 2.50 1.29 0.77

5s disconnection (final circuits exceeding 32 A and distribution  circuits
in TN systems)

Protective Fuse rating
conductor (mm ?)

NOTE: NP means that the combination of the protective conductor and the fuse is Not Permitted.
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¥V Table B7 Minimum protective conductor size (mm 2)*

Energy limiting class 3 device rating Fault level Protective conductor csa

(kA) (mm°)

Up to and including 16 A

Over 16 up to and including 32 A

40 A

For other device types and ratings or higher fault levels, consult manufacturer's data. See
Regulation 434.5.2 and the
|ET's Electrical Installation Design Guide.

V Table B8 Ambient temperature correction factors

Ambient temperature (°C) Correction factor (from 10 °C)

(NOTES 1 and 2)

0 0.96

10 . 1.00

25 1.06

NOTES:

1  The correction factor isgiven by: (1+ 0.004 (Ambient temp - 20))/(I +0.004(10-20)1  where 0.004
is the simplified resistance coefficientper °C at20 °C given by BS EN 60228 for both copper and
aluminium conductors. (Alternativelythe correction factor is given by (Ambient temp + 230)/(10 + 230)).

2 The factors are different to those of Table 12because Table B8 corrects from 10 °C and Table 12
from 20 °C.

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 Atype B circuit-breakerto BSEN 60898 should
not exceed 1.1x 1.06=1.17Q.

On-SiteGuide

© The Institution of Engineering and Technology



Chapter 52

Appendix

Selection of types of cable

for particular uses and
external influences

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
BS7671, in particular, those concerning maximum permissible operating temperatures.

Information is also included in this appendix on protection against corrosion of the
exposed metalwork of wiring systems.
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¥ Table CI Applications of cables for fixed wiring

Type of cable Comments
(NOTE 7)

Thermoplastic (PVC) For usein conduits, cable Intermediate supbon may be required on

or thermosetting ‘ducting or frunking long vertical runs

insulated - 70 °C maximum conductor temperature for
non-sheathed normal wiring grades including thermosetting
cable (BS 7211, types (NOTE 4)

BSEN 50525 series) Cables run in PVCconduit should not operate

with a conductor temperature greater than
70 °C (NOTE 4)

Mineral insulated General M| cables should have overall PVCcovering
(BSEN 60702-1) 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
thatmight 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 EN 50565-1:2014  Electric cables. Guide to use for cables with a rated voltage not exceeding
450/750 V (Uc/U). General guidance for some types of PVCinsulated 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.
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4  Thermosetting cable types (to BS 7211:2012+Al:2020 or BS EN 50525 series 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 512.1.5and 523.1), or where such cables are installed in plastic conduit or trunking.

5 For cables to BS 6004, BS EN 50525, BS 7211, BS 5467 and BS 6724, further guidance may be
obtained from those standards. Additional advice is given in the BS 7540:2005 series Guide to use for
cables with a rated voltage not exceeding 450/750 Vfor cablesto BS6004, BS6007 andBS721 1.

6 Cables for overhead wiring between buildings must be able to support their own weight and any
imposed wind or ice/snow loading. Acatenary 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 /
and 1900/5500 V for fixed installations;

BS 6004: Electric cables. PVCinsulated and PVCsheathed cables for voltages up fo and including

500/500  Vfor electric power and lighting

BS 6346: Electric cables. PVC insulated, armoured cobles 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 1900/3500 V, for fixed installations having low emission of smoke and corrosive gases when
affected by fire

BS 7211: Electric cables. Thermosetting insulated, and thermoplastic sheathed cables for voltages
up to and including 450/750 V, for electric power and lighting and having low emission of smoke
and corrosive gases when affected by fire

BS 7846: Electric cables. Thermosetting insulated, armoured, fire-resistant cables of rated voltage

600/1000  V for fixed installations, having 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 1XCables

Migration of plasticizer from thermoplastic (PVC)
materials

Thermoplastic (PVC) sheathed cables, including thermosetting insulated with
thermoplastic sheath (for example, LSHF cables), must be separated from expanded

polystyrene materials to prevent take-up of the cable plasticizer 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.
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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.

Creosote

Creosote should not be applied to thermoplastic (PVC) sheathed cables because it
causes decomposition, solution, swelling and loss of pliability.

¥ TableC2  Applications of flexible cables to BS6500:2000 and BS7919:2001
(both superseded by the BS EN 50525 Series)

Type of flexible cable Uses

Light thermoplastic (PVC)insulated Indoors in household or commercial premises in dry
and sheathed flexible cable situations, for light duty

60 °C thermosetﬁng (rubber) Indoors in household or commercial premises where
insulated braided twin and subject only to low mechanical stresses
three-core flexible cable

60 °Cthermosetting (rubber) For general use, unless subject to severe mechanical

insulated oil-resisting with stresses
flame-retardant sheath Foruse in fixed installations where protected by conduit or

other enclosure

90 °C heat-resisting thermoplastic General,including hot situations, e.g. for pendant
(PVC)insulated and sheathed luminaires

185 °C glass-fibre insulated For internal wiring of luminaires only and then only where

single-core, twisted twin and permitted by BS4533

three-core
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NOTES:
1 Cables should be suitable for the maximum ambient temperature, and should be protected from any
excess heat produced by other equipment, including  other cables.

2 For flexible cables to BS EN 50525 series further guidance may be obtained from those standards, or
from BS EN50565-1 :20 14 Electric cables. Guide fo use for cables with a rated voltage not exceeding
450750 v (Uq/U). General  guidance.

5 Where used asconnections 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.

4 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 that ensures that the cableis not damaged through bending. Strain
relief, clamping devices or cable guards should not damage the cable.

5 Flexible cables should not be run under carpets or other floor coverings where furiture  or other
equipment may rest onthem or where heat dissipation from the cable wil be affected. Flexiblecables
should not be placed where there is a risk of damage from traffic passing over them, unless they are
suitably  protected.

6 Flexible cables should not be used in contact with or close to heated surfaces, especiallyif 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:

(a) materials containing magnesium chloride, which are used in the construction
of floors and plaster mouldings;

(b) plaster undercoats which may include corrosive salts;

(c) lime, cement and plaster, for example on unpainted walls;

(d) oak and other acidic woods; and

(e) dissimilar metals likely to set up electrolytic action.

Application of suitable coatings before erection or the 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 the risk of local corrosion
in damp situations. Examples of suitable materials for this purpose include:

(a) porcelain;

(b) plastics;

(c) aluminium;

(d) corrosion-resistant aluminium alloys;

(e) zincalloys; and

(f) iron or steel protected against corrosion by galvanizing, sherardizing, etc.
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522.5.2 Contact between bare aluminium sheaths or aluminium conduits and any parts made of

152

brass or other metal having a high copper content should be especially avoided in damp
situations, unless the parts are suitably plated. If such contact is unavoidable, the joint
should be completely protected againstingress 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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Appendix

Methods of support for

cables, conductors and
wiring systems

522.8 This appendix describes examples of methods of support for cables, conductors and
wiring systems that 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

Items (a) to (h) below are generally applicable to supports on structures that are subject
only to vibration of low severity and alow risk of mechanical impact.

(@)

(b)

(c)

(d)

(e)

(9)

(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 atthe 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/lor armoured cables installed in accessible positions, support by
clips at spacings not exceeding the appropriate value stated in Table DI.

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 that 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 that are inaccessible and unlikely
to be disturbed, supported atthe 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 that are inaccessible and
unlikely to be disturbed, supported by the method described in ltem (f) above;the
length of run without intermediate support not exceeding 5 m fora 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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Particular applications

721.522.8 (i)

)

(k)

U

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.

Forflexible cables used aspendants, attachmentto a ceiling rose orsimilar 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)

(0)

(P)

(a)

For cables sheathed with thermosetting or thermoplastic material, supported by a
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
TableDI.

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 (for example, between buildings)
of thermoplastic (PVQ 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 orthermoplastic (PVC) covered conductors of anoverhead line for distribution
between abuilding and aremote point of utilization (for example, 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 (ESQCR) (as amended).

For spans without intermediate support (for example, between buildings) and 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.
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Conduit and cable trunking

(r) Rigid conduit supported in accordance withTable D3.
(s) Cable trunking supported in accordance with Table D4.
(t)  Conduit embedded in the material of the building.

(u)  Pliable conduit embedded in the material of the building or in the ground, or
supported in accordance with Table D3.
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¥ 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)!
span (m)

Atroad In positions In positions
crossings ~ accessible  inaccessible

to vehicular  to vehicular
traffic, traffic*
other than
crossings

A

Cables sheathed with thermoplastic 3 58 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 3.5
overhead lines on insulators without
intermediate support.

Cables sheathed with thermoplastic No limit 58 58 35
(PVC) or having an oil-resisting and

flame-retardant or HOFR sheath,

supported by a catenary wire.

Abare or insulated overhead line for
distribution  between buildings and
structures must be installed to the
standard required by the ESQCR.

# Column 5 is not applicable in agricultural premises.
+ Insome special cases, such aswhere 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 Table D3  Spacings of supports for conduits
Nominal
diameter of
conduit, d

(mm)

Rigid metal

Rigid insulating

Horizontal =~ Vertical Horizontal = Vertical

6

2.0 20 0.6

Horizontal

Pliable

Vertical

7

0.8

NOTES:

1 The spacings tabulated  allow for the 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.

2 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.

3 The inner radius of a conduit bend should be not less than 25 times the outside diameter of the
conduit.

Y Table D4  Spacings of supports for cable trunking

Cross-sectional area of
trunking, A (mm?)

Horizontal Vertical Horizontal

5 4

300 < A < 700 1.0 0.5

1500 < A < 2500

Maximum distance between supports (m)

Insulating

Vertical
5
0.5

A > 5000 3.0 3.0 1.75

NOTES:

1 The spacings tabulated allow for the maximum fill of cables permitted by the Regulations
thermal  limits specified inthe relevant British Standards. They assume that the trunking
to other mechanical stress.

2 The above figures do not apply to lighting suspension trunking, where the manufacturer's
must be followed, or where special strengthening couplers are used. Supports should
within 300 mm of bends or fittings.
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¥ Table D5 Minimum internal radii of bends in cables for fixed wiring

Insulation Finish Overall diameter,  Factor to be applied to
d* (mm) overall diameter of cable

to determine minimum
internal radius of bend

Thermosetting or Non-armoured  d < 10 32t
thermoplastic (PVC) 10<d<25 43t
(circular, or circular d>25 6
stranded copper or Armoured Any 6

aluminium conductors)

Mineral Copper sheath  Any 6*
with or without
covering

For flat cables the diameter refers to the major axis.
The value in brackets relates to single-core circular conductors of stranded construction installed in

conduit, ducting or trunking.
1 Mineral insulated cables may be bent to aradius not less than three times the cable diameter over the

copper sheath, provided the bend is not reworked, i.e. straightened and re-bent.
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Cable capacities of
conduit and trunking

A number of variable factors affect any attempt to arrive at a standard method of
assessingthe capacity of conduit or trunking.

Some of these are:

(a) reasonable care (of drawing-in);

(b) acceptable use of the space available;
(c) tolerance in cable sizes;and

(d) tolerance in conduit and trunking.

The following tables can only give guidance on the maximum number of cables that
should be drawn in. The sizesshould 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 the 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:
(@) straight runs of conduit not exceeding 3 m in length (Tables El 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); and
(c) trunking (Tables E5 and E6).

Forcables 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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i Single-core thermoplastic (PVC)insulated cables in
straight runs of conduit not exceeding 3 m in length'

For each cable it isintended to use, obtain the appropriate factor from Table EI.

Add the cable factors together and compare the total with the conduit factors given in
Table E2.

The minimum conduit sizeis that having a factor equal to or greater than the sum of the
cable factors.

Y Table El Cable factors for use in conduit in short straight runs

Type of conductor Conductor cross-sectional area Cable factor
(mm?)

Solid 1 2
15 27
25 39

¥ Table E2 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

Foreach 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.

Y Table E3 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 18 22

Stranded 2.5 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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iii Single-core thermoplastic (PVC)insulated cablesin
trunking

For each cable it is intended to use, obtain the appropriate factor from Table ES.

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 greaterthan the sum
of the cable factors.

Y Table E5 Cable factors for trunking

Type of conductor Conductor PVC BS 6004 cable  Thermosetting

cross-sectional area factor BS 7211 cable
(mm?) factor

Solid 1.5 8.0 8.6

NOTES:

1 These factors are for metal trunking and may be optimistc for plastic trunking, where the
cross-sectional area available may be significantly reduced from the nominal by the thickness of the
wall material.

2 The provision of spare space is advisable; however, any circuits added at a later date must take into
account grouping, (see Regulation 523.5).
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¥ Table E6 Factors for trunking

Dimensions of Dimensions of

trunking trunking
(mm x mm) (mm x mm)

50 x 38 767 200 x 100 8572

75x 25 738 200 X200 17429
75 x 50 1555 ; 225 x 50 4671

100 x 25 : 225 % 100

100 x 50 : 225 x 200 19643

100 x 100 ' 300 x 38

150 x 50 o e 300 x 75

150 x 100 6394 300x 150 19607

- 200x 38 300 x 225

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 EB6,
the number of cables installed should be such that the resulting space factor does not
exceed 45 °/oof the netinternal cross-sectional area.

Space factor is the ratio (expressed as a percentage) of the sum of the overall
cross-sectional areas of cables (including insulaton 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. that do not impose bending radii on

cables less than those required by Table D5.
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435.1

Appx3 &4

433.1.1

433.1.202

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.

Forcables buried in the ground, refer to BS7671, Appendix 4.

Procedure
() The design current, 1 of the circuit must first be established;

(b) The overcurrent device rating, |, is then selected so that I, is greater than or
equal to |,

b2l

The tabulated current-carrying capacity of the selected cable, lt, is then given by:

>_n_

n
CanCin

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 TableFl;

» G, for grouping, see TableF3;

» Cifor thermal insulation, see Table F2 (NOTE: Forcables installed in thermal
insulation as described in TablesF4(i), F5(i) and F6,C,= 1);and

» G for the type of protective device, i.e.:

- where the protective device is a semi-enclosed fuse to BS 3036, G =
0.725; and
- for all other devices Cf= 1.
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Voltage drop

525 To calculate the voltage drop in volts the tabulated value of voltage drop (mV/A/m) has

APPX4 &G {9 e multiplied by the design current of the circuit, 15,and the length of run in metres,

L, and then divided by 1000 (to convert to V):
(mV/A/m)x ,x L

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 °/oof the nominal
voltage (6.9 V) and for other current-using equipment or socket-outlets does not exceed
5% (11.5V single-phase).

Table 481w Table FI Rating factors (C,) forambient 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 (°C) thermoplastic thermosetting covered or bare exposed to
and exposedto  touch 105 °C
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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Appendix 4,
item 2.6

Appendix | F

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()) and F6 no
correction is required.

NOTE: Reference methods 100, 101 and 102 require the cable to be in contact withthe plasterboard
or the joists, see Tables7.1(jii) and 7.1(iv) 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 lessthan 0.5 m the current
carrying capacity of the cable should be reduced appropriately depending onthe size of
cable, the length in insulation and the thermal properties of the insulation. The derating
factors in Table F2 are appropriate to conductor sizesup to 10 mm 2 in thermal insulation
having a thermal conductivity, A,greater than 0.04 Wm'K".

V¥ Table F2 Cable surrounded by thermal insulation

Length in insulation (mm}) Derating factor (C;)
50 0.88
100 0.78
200 0.63
400 0.51
= 500 0.50
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tablesap2e Y Table F5(ii) Voltage drop (per ampere per metre) ata conductor operating
temperature of 70 °C

Conductor cross- Two-core cable, Two-core cable, Three- or four-core
sectional area DC single-phase AC cable, three-phase

4

mV/A/m

95 0.46 ; % 0.50 : 043

T The impedance values in Table F5(ii) consist of both the resistve 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.

176 | On-SiteGuide

© The Institution of Engineering and Technology



J9jel 100Z°34g ‘29z WG ‘sysu

Bulpione :uone|nsul [ewlsy] pue g juswnooq panoiddy suoneinBey Buiping ‘sejqes ouposis jo Bunesyisno jo ssuepioay ) xipuaddy  :G-£08G S ‘6'€2G uoneinbay (g

LS

Appendix | F

Crem
paje|nsui ue
ui INpuod

pasojpua)

V. poyisw
DUBIRISY

doip a8ejj0n

‘uojje|nsul [ewliay) UM palanod aq Jou [Im )1 Jeu} yons uopisod B ui paxiy aq o) Sl a|qed B ‘s|qeonoeid JaAsisupn
", uoposs ul (a),72 pue ()L seiqe] ses jsiof Jo [lem ‘Buiies pieogislseld sy Uum JOEIUOD Ul 8q 0} 8|qED 8y} aunbal ZoL pue LOL ‘00L

S8 Sy

Ly §'¢c

(oe)ins
[|EA 1auul sy
3ulyonol Jou
9|ged Yyum
uoie|ns
(12211p [BLLIBY) YiAA
paddip) |{eAn pmis e up).

D Poyiatu
UI9I9Y

£01 polpaLu
CRITRIRIEN|

:(anow Jsad asadwe Jad) doup abejjoa pue (satadwe) Ayoedes Buifies-jualing

9, 0/ :@inesadws) Bunelado Joyonpuon

D, 0 :@injesadwa) jusiquiy

(s1010npuod Jaddod) Jojonpuod aanoslold yim s|ged eyl payleays pue pajensul (DAd) ansejdowlssyl o, 0/

£9

55

(soepns
J|BAA 12U B}
3uitpno) ajqed
ym uonejnsuj

[BLIIBY] YN
[{eas pmis e uj)

x«COL poyjsu
DUBIRIRY

9F

e

(ssewpiy;
ul ww 0of
3UIpI9IXe
uonejnsuy
Jeuwiny Ag
palanod 3uljis

pieogia)seld

e 9A0qgR)

«L01 poympw
20ULI8)9Y

©

spoyjew aousleey

| 177

‘S310ON

LS 91

e 9

(ssewpoiyy

ul Www ool

Buipasoxe
JoU ucne|nsul

ety Ag
palonod Suifi9d

pieogisyse|d
e an0qe)
eale [2UONDIS

-55010
lopnpuo)

001 poljeLu
CRITEIETEN

Sar 2(qeL

949|qel 4

SiteGuide

© Thelnstitution of Engineeringand Technology

On



NOTE

178 | On-SiteGuide

© The Institution of Engineering and Technology



Appendix

Certification and
reporting

The certificates and forms are used with the kind permission of BSI.

G1 Introduction

Fundamentally, two types of form are recognized by BS7671, certificates and reports:

1 certificates are issued for new installation work
2 condition reports are issued for inspections of existing installations.

C2 Certification

Two types of certificate for new work are recognized by BS 7671:

1 the Electrical Installation Certificate (EIC); and
2 the Minor Electrical Installation Works Certificate (MEIWC).

G2.1 Electrical Installation Certificate

An EICis intended to be issued where more significant installation work is undertaken;
examples are:

(a) acomplete installation for a new property;

(b) rewire of an existing installation;

(c) replacement of a consumer unit; or

(d) addition of a new circuit from a distribution board or consumer unit.

G2.2 Minor Electrical Installation Works Certificate

The Minor Electrical Installation Works Certificate (MEIWC)is intended to be issued for
an addition or alteration to an existing circuit; such as:

(a) adding lights to a lighting circuit;

(b) adding socket-outlets to a ring final circuit;

(c) rerouting an existing circuit;

(d) replacing an existing shower with a larger power rating of unit; or

(e) replacing circuit-breakers with RCBOswhere there is a difference of overcurrent

type, e.g.replacing Type C for Type B.
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In each case, the characteristics of the circuit are likely to have been altered, whether
this is the addition of extra load or through 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 largerinstallations for the design to be carried out by one company, the
installation or construction by someone else and the inspection and testing by another
body, such as a testing organisation working on behalf of the installer. This is perfectly
acceptable, but it is the company carrying out the installation that must issue the EIC.

G3 Reporting

G3.1 Electrical Installation Condition Report

An Electrical Installation Condition Report (EICR)is intended to be issued when a
periodic inspection of an electrical installation has been carried out. The EICRdoes not
certify anything and, hence, must not be issued to certify new electrical installation work.
The purpose of the EICRis to report on the condition of an existing electrical installation
and, ultimately, to present one of two outcomes:

(a) SATISFACTORY- the installation is deemed safe for continued use; or
(b) UNSATISFACTORY - one or more issues of safety have been identified.

Where an unsatisfactory result has been recorded, Cl 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 where further
investigation may reveal acode Cl or C2 observation. Once the report has been issued
by the inspector, the onus is placed on the client to act in response to the observations
recorded.

G3.2 Observations

Observations to be recorded fall into four categories:

» Cl - Danger present. Riskof injury. Immediate remedial action required
» C2 - Potentially dangerous - urgent remedial action required

» C3 - Improvement recommended

» Fl- Further investigation required without delay.

On-SiteGuide
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Examples of Cl

The following are examples of Cl, where danger currently exists and an immediate issue
of safety is apparent:

(a) uninsulated live conductors exposed on broken wiring accessory;

(b) incorrect polarity at socket-outlets, for example live/cpc reversal; and

(c) item of metalwork that has become live due to a fault.

Examples of C2

The following are examples of C2, where the situation is not immediately dangerous but
where a dangerous condition could occur due to a fault:
(a) protective equipotential bonding not installed to extraneous-conductive-parts;
(b) residual current device (RCD) (30 mA for additional protection) fails to operate
in the required time;
(c) double-pole fusing (line and neutral);
(d) noconnection to means of earthing at origin;
(e) no cpc for a lighting circuit having Class | fittings/accessories with exposed-

conductive-parts; and
(f) no RCD (30 mA for additional protection) where socket-outlets are likely to

supply equipment used outdoors.

Examples of C3

The following examples of C3 are installations complying with older versionsof BS7671:

(a) no RCD (30 maA for additional protection) for socket-outlets used within the
building;

(b) earth leakage circuit-breaker installed at the origin of a TT installation; and

(c) no cpc for lighting circuit where only Class 11fittings/accessories are installed.

Examples of FI

The following are examples of Fl, where further investigation may reveal acode Cl or C2:

(a) aconsumer unit is fitted with devicesand components of different manufacture
and may not meet the requirements of BSEN 61439-3; and

(b) where it is suspected that devices within a consumer unit are subject to a
product recall.

G3.3 Dangerous situations

Where an inspector discovers an extremely dangerous situation, such as persons
or livestock at immediate risk of electric shock or where an imminent fire hazard is
evident, urgent action is advised to remove the danger. As an 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 to inform the
client immediately, with this 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 outonce alerted of the unsatisfactory result of the inspection. Thereis
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

Inspectors of electrical installations in dwellings will encounter older consumer units, i.e.
those not complying with Regulation 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 theadvice of the manufacturer
of the equipment to establish the correct torque settings for screwdrivers when
checking terminals. This applies to all terminals conductor/busbar  connections
within the consumer unit, and where alterations and additions are involved not
just those relating to the addition or alteration.

» there are nosigns of overheating.

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

The following must be verified for all conductor/busbar connections:

» not clamping on insulation;

» conductor not damaged, e.g.through cuts or nicks 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; and

» 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. Therefore, a consumer unit with ferrous
enclosure should still be inspected and tested at regular intervals.
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It is worth bearingin mind the Note by the HSEin BS 7671, which states:

"Existing installations may have been designed and installed to conform to the standards
set by earlier editions of BS 7671 or the IEE Wiring Regulations. 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
For convenience, the forms are numbered as below:

Form 1 Electrical Installation Certificate

Form 3 Generic Schedule of Circuit Details

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

The introduction to Appendix 6 '"Model forms for certification and reporting' of BS 7671
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.

(i) 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), (i) 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.
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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

O oaneesssinasl (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 onthe report.

(viii) Schedule(s) of Circuit Details and Schedule(s) of Test Results as required by
Part 6 should be issued with the associated Electrical Installation Certificate or
Electrical Installation Condition Report.

(ix) Schedule(s) of Inspection as required by Part 6 should be issued with the
Electrical Installation Condition Report.

(x) When making out and signing a form on behalf of a company or other business
entity, individuals should state for whom they are acting.

(xi) Additional forms may be required as clarification, if needed by ordinary persons,
or in expansion, for larger or more complex installations.

G4.1 Electrical Installation Certificate (EIC)

Figures G4.1(i)- (iv) show atypical completed Electrical Installation Certificate comprising
Pages 1, 2, 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 and both fire alarm and burglar alarm circuits. Regarding Page 4 (the Schedule
of Test Results), the continuity test has been carried out using (R; + R,) 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) Certificate No.: . SV T—%

DETAILS OF THE CLIENT . > - s
Beagle-Meyer Music, Hugo Building, Stotz Road, Little Tripping, AF1 1DD

INSTALLATION ADDRESS
Bédagle=Meyer Music, Hugo Building, Stotz Road, Little Tripping, AFL 1DD

DESCRIPTION AND EXTENT OF THE INSTALLATION
Description of installation: New installation M

Extent of installation covered by this Certificate:

Complete installation ‘Addition to an O

existing installation

Alteration to an O
existing installation

(Use continuation sheet if necessary) See continuation sheet No:
FOR DESIGN

I1A5%; being the person(s) responsible for the design of the electrical installation (as indicated by my/our signatures below), particulars
of which are described above, having exercised reasonable skill and care when carrying out the design, hereby CERTIFY

that the design work for which I/we have been responsible is to the best of my/our kr and belief in with

BS 7671:2018, amended to ..2222 (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, a suitable risk assessment(s) must be attached to this Certificate.

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 Certificate.
For the DESIGN of the installation: **(Where there is mutual responsibility for the design)

. 14/0?/2022.
Signature: J Weilsgon Date: Name (IN BLOCK LETTERS): ...+,

Signature: Date: Name (IN BLOCK LETTERS): .

... Designer No 1

Designer No 2™

FOR CONSTRUCTION

I, 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 22 (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:

- 14/03/2022
Signature: J Wilone oy Narme (IN BLOCK LETTERS): ...”J. WILSON Constructor

FOR INSPECTION & TESTING

I, 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 . 2222 (date) except for the departures, if any, detailed as follows:

Details of departures from BS 7671 (Regulations 120.3 and 133.5): NGvE

The extent 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:

% 14 0q/20;
Signature: .. JW SOV, Dat 02 lzName (IN BLOCK LETTERS): ... WILSON.

Inspector

NEXT INSPECTION &
IA#e; the designer(s), recommend that this installation is further inspected and tested after an interval of not more than ............
years/months—
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¥ Figure G4.1(ii) Electrical Installation Certificate - page 2

Certificate No.: ... ¥ 1%

PARTICULARS OF SIGNATORIES TO THE ELECTRICAL INSTALLATION CERTIFICATE
Designer (No 1) J Wilson STy Wilson Installations
1. Vanlefton.. Street. Gearfilched.
Postcode: . BRO_OKE. TelNo: ..06431 666666

Name:
Address: ....

Designer (No 2)

(if applicable) Name: ..N/A Company:

Address:

.... Postcode: TelNo: ...

Constructor Name: .. As. Designer, Company:

Address:

. _Postcode: Tel No:

Inspector As Designer. Company:

Z . Postcode: ....... .. Tel No:
SUPPLY CHARACTERISTICS AND EARTHING ARRANG EMENTS

Earthing Number and Type of Live Nature of Supply Parameters Supply Protective Device

arrangements Conductors
NG O AC M oc O Nominal voltage, U / U ... 23 V | BS (EN) .36
NS M 1-phase, 2-wire B | 2-wire O Nominal frequency, Type
TN-C-S O 2-phase, 3wire [0 | 3-wire O Prospective fault current, T Rated i 80
LA o 3-phase, 3wire [ | Other [ External earth fault aled curent ...,
T (] 3-phase, 4-wire [ loop impedance, Ze.......... 2:2%...

Confirmation of supply polarity B | thote:(1) by enquiry (2) byww-ycrby measurement)

Other sources of supply (as detailed on attached schedule) ] N/A
PARTICULARS OF INSTALLATION REFERRED TO IN THE CERTIFICATE

Means of Earthing Maximum Demand
oy s Maximum demand (load) ......62. ... 4¥A+ Amps (Delete as
Distributor's facility [/ Details of Installation Earth Electrode (where applicabie)
Installation earth Type (e.g.rod(s), tape etc) ... N/A
electrode ] Location

Electrode resistance to Earth
Main Protective Conductors

Earthing conductor l Material Cu csa 16 mm? | Connection / continuity verified [
Main protective bonding Material Cu csa 10 mm? | G ion / continuity verified o
conductors

To water installation pipes To gas installation pipes ®1__| To oil installation pipes [IN/A To structural steel [ N/A
To lightning protection O N/A | Toother [J Specify .N/A

Main switch +8witeh-fuse-/-Cirouit-breaker-REB—

Location . 2mall.stere room Current rating A | If RCD main switch
Fuse / device rating or setting .N/AA | RCD Type ........[INJ/
Voltage rating ..232..... V | Rated residual operalmg current (inn ,
Rated time delay .. ¥
Measured opemtmg ume

BS(EN)
No of poles ....2.

of
Item Description Outcome | Item Description Outcome
No. YINA_| No. Y INA
10 Condition of consumer's intake equipment i 8.0 Circuits (Distribution and Final) v
(Visual inspection only) 9.0 Isolation and switching v
20 Parallel or switched alternative N/A 10.0 Current-us  equipment 7
sources of supply (permanently connected)
30 i(ﬁ:‘ﬁghc E;:gﬁ:\eecnnn of Supply (ADS) 11.0 | Identification and notices v
4.0 Bas 12.0 Location(s) containing a bath or shower N/A

6.0 Addition _protection 14.0 | Prosumer's low voltage electrical
70 Distributi ~ equipment installation(s)

COMMENTS ON EXISTING INSTALLATION (in the case of an addition or alteration see Regulation 844.1.2):
None.

N/A

v
v
5.0 Protective measures other than ADS v 13.0 Other special installations or locations N/A
v
v

SCHEDULES
This Certificate is valid only when.

(Enter quantities of schedhues attached).

Schedules of Circuit Details and Test Results are attached.
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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 for:

« only for the initial certification of a new installation or for an addition
or alteration to an existing installation where new circuits have been
introduced, or

+ the replacement of a consumer unit/distribution board, or

« certifying for where there are multiple additions, or alterations or remedial
works to the existing installation which do not extend to new circuits as
an alternative to the issue of multiple Minor Electrical Installation Works
Certificates.

Itis not to be used for a periodic inspection and testing, for which an Electrical

Installation Condition Report 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 person issuing the
certificate.

2 This Certificate is only valid if the Schedule of Inspections has been completed
to confirm that all relevant inspections have been carried out and where
accompanied by Schedule® of Circuit Details and Test Results.

3 The signaturesappended arethose 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. (Where a single signature electrical installation
certificate is used, the person authorized for executing the work of design,
construction, inspection and testing shall sign the certificate.)

4 The time interval recommended before the first periodic inspection must be
inserted.

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 the Schedule® of Circuit Details and Test Results
should be indicated, together with the total humber of pages associated with
the certification provided.

6 The maximum prospective value of fault current (IP,) recorded should be the
greater of either the prospective value of short-circuit current or the prospective
value of earth fault current.
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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 BS 7671. You should have received an 'original' Certificate and the person that
issued the Certificate 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 schedule®, 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
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 the Schedule of Inspections has been completed to
confirm that all relevant inspections have been carried out and where accompanied by
Schedule®  of Circuit Details and Test Results.

Where the installation includes a residual current device (RCD) it should be tested six-
monthly by pressing the button marked T or 'Test. The device should switch off the
supply and should then be switched on to restore the supply. If the device does not
switch off the supply when the button is pressed, seek expert advice. For safety reasons
it is important  that this instruction is followed.

Where the installation includes an arc fault detection device (AFDD) having a manual
test facility it should be tested six-monthly by pressing the test button. Where an AFDD
has both a test button and automatic test function, manufacturer's instructions shall be
followed with respect to test button operation.

Where the installation includes a surge protection device (SPD)thestatus indicator should
be checked to confirm it is in operational condition in accordance with manufacturer's
information. I the indication shows that the device is not operational, seek expert advice.
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For safety reasons it is important that this instruction is followed.

Where the installation includes alternative or additional sources of supply, warning
notices should be found at the origin or meter position, or if remote from the origin,
at the consumer unit or distribution board and at all points of isolation of all sources of
supply.

G4.4 Schedule of Circuit Details

The schedule of circuit details contains the information relevant to the circuits supplied
from the distribution board or consumer unit. These include:

» Details of the distribution board. Its reference number, location, where it is
supplied from, the overcurrent protective device BS (EN) number, type and
rating/setting  and details of the surge protection device where installed; and

» Circuit details including the circuit number and description.

For each circuit is recorded the:

» Conductor details : type of wiring, reference method, number of points served
number and size of Live and cpc conductors.

» Overcurrent protective  device details: BS (EN) number, Type, Rating (A),
Breaking Capacity (kA), and maximum permitted Zs (QQ).

» RCD details: BS (EN) number, Type, Ian (MA), Rating (A).

Oncecompleted this may also be copied and used asthe circuit chart forthe distribution
board as it contains all the relevant information for operation and maintenance.

G4.5 Schedule of Test Results

Notes to the tests and observations required when completing the Schedule of Test
Results:

» Measurement of Zdb at this distribution board to be recorded

» Measurement of |,fatthis 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

SPD operational status confirmation

» Details of the test instruments used to carry out the tests (serial or asset
numbers)

» The remarks column (column 31) should include details of circuits and/or
installed equipment vulnerable to damage when testing, e.g. SELVtransformers,
dimming equipment.

\{
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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 testmethod 1 is used, enter the measured resistance of the line conductor plus
the circuit protective conductor (R1+ R2).See 10.3.1. During the continuity testing
(test method 1) the following polarity checks should be carried out:

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

(b) except for E14and E27 lampholders to BSEN 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 26.

(R1+ R2)need not be recorded if R, is recorded in column 22.

Test method 2

Where test method 2 is used, the maximum value of R, is recorded in column 22.
Ring final circuit continuity

Each conductor of the ring final circuit must be tested for continuity, including spurs.
An exception is permitted where the cpcis 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 21 or 22.

2 Insulation resistance
The test voltage applied for the test is recorded in column 23.

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 24 and between live conductors and earth in column 25.
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The minimum insulation resistance values are givenin Table 10.3.3 of this Guide.
3 Polarity - by continuity method

A satisfactory polarity test may be indicated by a tick in column 26. Only in a Schedule
of TestResults associated with an Electrical Installation Condition Report isit acceptable
to record incorrect polarity.

B - Installation energised
4 Polarity of supply

The polarity of the supply atthe distribution board should be confirmed and indicated
by ticking the box on the Electrical Installation Certificate and Schedule of Test Results.

5 Earth fault loop impedance Z,

Where the distribution  board or consumer unit is located at the origin of the

installation this will also be the Z, for the installation. This may be determined by
direct measurement at the main incoming terminals of the Distribution Board. Where
the distribution board is remote from the installation origin the Z bmay be determined

by direct measurement at the incoming terminals of the DB or by adding the R1+ R2
for the distribution  circuit to the installation Z.

(Zgp = Ze + distribution circuit (Ry + Ry)

6 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; 4+ Ro) of column 21 to Z,. Z, is determined by measurement
at the origin of the installation.

Zs=7Z.+ R+ Ry
Z; should notexceed the values given in Appendix B.

7 Functional testing

The operation of RCDs (including RCBOs) is tested by simulating a fault condition,
independent  of any test facility in the device; see Section 11.

RCDs are tested and compliance is confirmed when testingatla, and disconnection is
achieved within 300 ms. The actual operating time is recorded in column 28.

Effectiveness of the test button must be confirmed and the result recorded in column 29.

AFDDs and SPDs which are provided with a test button this must be operated to
confirm its function. Where only a status indicator is provided this must be checked
to determine the device isin a healthy conditon. The result is recorded in column 30.

On-Site Guide | 193

© The Institution of Engineering and Technology




G| Appendix

8 Switchgear

All switchgear and controlgear assemblies, controls, etc. must be operated to ensure
that they are properly mounted, adjusted and installed.

9 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.

G4.6 Minor Electrical Installation Works Certificate

Figure G4.6 shows an example of a completed Minor Electrical Installation Works
Certificate and Table G4.9 gives some notes on how to complete it.
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Minor Electrical Installation Works Certificate - page 1 of 1

MINOR ELECTRICAL INSTALLATION WORKS CERTIFICATE Certificate No.: .. SMT-2. .
(REQUIREMENTS FOR ELECTRICAL INSTALLATIONS - BS 7671)
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
14/049/2022

. Details of the Client ...

12 Bold St,

. Installation location/address ... Newington,

. Description of the minor works ..~

N

. Details of any departures from BS 7671:2018 as amended to
(Regulation 120.3, 133.1.3 and 133.5).

Andrews Heating and Ventilation .
Carabs W\

Details of permitted exceptions (Regulation 411.3.3). Where applicable, a suitable risk assessment(s)
must be attached to this Certificate

Date minor works completed

Zdale) for the circuit altered or extended

Risk assessment attached [J

. System earthing arrangement: TN- 1 TN-c-s ' 1T

© N~

Presence of adequate main protective conductors:

Earthing conductor [
Main protective bonding conductor(s) to: Water [ Gas [ O

PART 2: Presence and adequacy of installation earthing and bonding arrangements (Regulatmn 132.16)

Earth fault loop impedance at distribution board (Z,,) supplying the final circuit .

il [ Structural steel C] Other (Specify)...............

PART 3: Circuit details
DB Reference No.:

DB Location and

Circuit N Circuit descrip
Number & size of conductors: Live

Circuit overcurrent protective device: BS (EN)

RCD: BS (EN).62204.... Type . AC... Rating
AFDD: BS (EN) .. N2 . Rating ......... A
SPD: BS(EN)..NA . Type ...

type: ... Store room, 8-way consumer unit

.. Installation reference methad 3,214 €

. Rating

PART 4: Test results for the altered or extended circuit (whe

Polarity satisfactory: o Maximum measul
RCD disconnection time at rated residual operating current (I,

AFDD satisfactory test button operation: [ NOTE: Not all AFDDs

048

Protective conductor continuity: (RIAER Vs sosomse s QorR, NZA .. Q
Continuity of ring final circuit conductors: LL ... N/ZA Q NN ... NIA o Q cpelepe .. NZA Wl
Insulation resistance: Test vol(agaf??.v Live - Live 2779 MQ Live - Earth

SPD functionality confirmed: [ NOTE: Not all SPDs have visible functionality indication N/A

re relevant and practicable)

Z.

ms .« Satisfactory test button operation: IZ

red earth fault loop impedance:
35

have a test butten N/A

PART 5: Declaration

| certify that the work covered by this certificate does not impair

as detailed in Part 1 above.

been designed, constructed, inspected and tested in accordance with BS 7671:2018 amended to ..
and that to the best of my knowledge and belief, at the time of my inspection, complied with BS 7671 except

the safety of the existing installation and the work has
(date)

Name: ... Wilson.

For and on behalf of; ““W[l'svn lr\stal{atron

Address: anlereai Siresc Signature: J Wiksen
Gearfilched :
; Position: Proprietor.
BRO OKE Date: 14 September 2022
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C4.7 Minor Electrical Installation Works Certificate -
Scope of application

Notes for the person producing the certificate: The Minor Electrical Installation

Works Cerfificate 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, consumer units or
similar items. Appropriate inspection and testing, however, should always be carried out
irrespective  of the extent of the work undertaken.

G4.8 Minor Electrical Installation Works Certificate -
Guidance for recipients

(to be appended to the Certificate)

This Certificate hasbeen issued to confirm that the electrical installation work to which it
relates has been designed, constructed, inspected and tested in accordance with BS7671.

You should have received an ‘original' Certificate and the person that issued the
Certificate  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 person that issued the Certificate 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 personinspecting
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 atthe time the
Certificate was issued.

For safety reasons, the electrical installation will need to be inspected at appropriate
intervals by a skilled person or persons, competent in such work.

Where the installation includes an RCD it should be tested six-monthly by pressingthe
button marked T or Test. The device should switch off the supply and should then be
switched on to restore the supply. If the device does not switch off the supply when
the button is pressed, seek expert advice. For safety reasons it is important that this
instruction is followed.

Where the installation includes an arc fault detection device (AFDD) having a manual
test facility it should be tested six-monthly by pressing the test button. Where an AFDD
has both a test button and automatic test function, manufacturer's instructions shall be
followed with respect to test button operation.
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Where the installation includes a surge protection device (SPD)the status indicator should
be checked to confirm it is in operational condition in accordance with manufacturer's

information.  If the indication shows thatthe device isnot operational, seek expert advice.
For safety reasons it is importantthat this instruction is followed.

Where the installation includes alternative or additional sources of supply, warning
notices should be found atthe origin or meter position, or if remote from the origin, at
the consumer unit or distribution board and at all points of isolation of all sources of supply.

G4.9 Notes on completion of the Minor Electrical
Installation Works Certificate

¥ Table G4.9 Description of the required information

Part 1: Description of minor works  Information to record

2 The address of the installation.

4 No departures are to be expected except in most unusual

circumstances. See Regulations 120.3,133.1.3and 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 assessmenthas

been carried out and the findings show that additional

protection by RCDis not necessary,the assessment(s)
must be attached to this Certificate

1) Systemearthing arrangement.

3 Declaration of adequacy of earthing and bonding
conductors.

Part 4 - Testresults for the circuit  Recordtest results.
altered or extended
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G4.10 Electrical Installation Condition Report (EICR)

Installations may be divided into two types:

1. Domestic and similarinstallationswith up to 100 A single-or three-phasesupply; and
2. Installations with a supply greaterthan 100 A.

However, this Guide will only consider the Electrical Installation Condition Report for
Domestic and similar installations with up to 100 A supply. Forinstallations with a supply
greaterthan 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 six pages of information for an EICR.

An Electrical Installation Condition Report is to be issued for all inspected
installations.

Figures G4.10(i)-(v) show a typical completed Electrical Installation Condition Report
comprising Pages1to 6. The installation is some 20 yearsold and has no RCDfitted.
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¥ Figure G4.10(i) Electrical Installation Condition Report - page 1

ELECTRICAL INSTALLATION CONDITION REPORT Report No.: .. #2345 .

SECTION A. DETAILS OF THE PERSON ORDERING THE REPORT
Name .
Address

Waning, Crescent, Newton NY2 4PP.

ted by client due to burning smell.
ed. cable. damage.
Date(s) on which inspection and testing was camed out 2 September 2022
SECTION C. DETAILS OF THE INSTALLATION WHICH IS THE SUBJECT OF THIS REPORT
Ocoupier W Lilly,
Address 4 Waning Crescent, Newton NY2 4PP

SECTION B. REASON FOR PRODUCING THIS REPORT R
der St

Description of premises
Residential [ Commercial [T Industrial [7] Other (include brief description) [
Estimated age of wiring system ... 2@......years
Evidence of additions / alteralions ? YesIZ{ No [ Not apparent [] If yes, estimate age .. years

records available? (Regulation 651.1) Yes [] No Date of last i . Unknown. ... (date)
SECTION D. EXTENT AND LIMITATIONS OF INSPECTION AND TESTING
Extent of the electrical installation covered by this report .. Visual inspection. of distributor's equipment. and.. meter....
ing..of consumer. unit. and final circuits.
Ag:eed limitations mcludmg the reasons (see Regulation 653.2) No.dismantling. or. removal of fitted kitchen. units
v appliances.
Ag;eed\wm .Person. evdering the werk
Operational hmnarions including the reasons (see page no. N/A)

None

The inspection and testing detailed in this report and accompanying schedules have been carried out in accordance with BS 7671:2018
as amended t0 ......... R TR

1t should be noted that cables concealed within trunking and conduits, under floors, in roof spaces, and generally within the fabric of the building or

undergreund, have not been inspected unless specifically agreed between the client and inspector priar fo the inspection. An inspection should be

made within an accessible roof space heusing other electrical equipment

SECTION E. SUMMARY OF THE CONDITION OF THE INSTALLATION

General condition of the installation (in terms of electrical safety) .
condition of the installation is good, with s

age. evident. in loft, otherwise the
f weay and tear.

Overall assessment of the installation in Le;ms ofits su!labillty for continued use

UNSATISFACTORY" (Delete as appropriate)
*An unsatisfactory indicates that dangerous {code C1) and/or potentially dangerous {code C2) conditions have been idenified.
SECTION F. RECOMMENDATIONS
Where the overall assessment of the suitabifity of the installation for continued use above is stated as UNSATISFACTORY, | #+e recommend that
any observations classified as ‘Danger present’ (code C1) or ‘Potentially dangerous’ (code C2) are acted upon as a matter of urgency
Investigation without delay is recommended for observations identified as *Further investigation required’ (code Fl}.
Observations classified as Improvement recommended’ (code C3) should be given due consideration.

02/09/2032
Subject to the necessary remedial action being taken, | -4 recommend that the installation is further inspected and lested by . jate)
for the following reasons....Standard. dwelling, the.installation. conditi pe .

SECTION G. DECLARAT]ON

We, being the p ponsible for the i ion and testing of the electrical i ion (as indi i by mylour sig

below), parhculars of which are described above, having exercised reasonable skill and care when carrymg out the mspacbon and
testing, hereby declare that the information in this report, including the observations and the an i
assessment of the condition of the electrical i ion taking into account the stated extent and limitations in sectmn D of this report.
Inspected and tested by: Report authorised for issue

Name (onta) - G STOKES N Costay e STOKES

Signature eoff Stokes: ] G@O‘ﬂc Stokes

Forfon behalf of . Stnkes..E{e.c;cm.ai.lnimftad.......‘.‘.,...,. Forlon behalf of ......Stekes. Eleatrical Livited...

Position Directer. Position Director.

Address Unit 4, Coates Business Park, Newtown WA4 SXX| pqdress Unit 4, Coates Business Park, Newtown WA4 SXX
Date .....Q2/03/2022. Dale ....R2/R9/2022.

SECT!ON H. SCHEDULE(S)
,,,,,,,,,,,, Inspection Schedule(s) and ..., Schedule(s) of Circuit Details and Test Results are attached.

The aﬂached schedule(s) are part of this document and this report is valid only when they are attached to it.
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Gl Appendix

¥ Figure G4.10(ii) Electrical Installation Condition Report - page 2

Report No.: .. 42345 .

SECTION I. SUPPLY CHARACTERISTICS AND EARTHING ARRANGEMENTS

Earthing Number and Type of Live Nature of Supply Parameters Supply Protective Device
arrangements Conductors '
TN-C [m] AC pc O Nominal voltage, U / ol BS(EN) ..t3e% ...
w™ns O 1-phase, 2wire 7] | 2-wire ] Nominal frequency, ¥ ..........22 Hz | Type z
™wes o 2-phase, 3wire [ | 3wire [ | Prospective fault current, I, . Rated cument
™ O 3-phase, 3-wire [] | Other [ | Extemnal earth fault i
I [m] 3-phase, 4-wire [ loop impedance, Ze........ 2% Q
Cenfirmation of supply polarity ﬂ (Note: (1) by enquiry (2) by enquiry or by measurement)

Other sources of supply (as detailed on attached schedule) [IN/A

SECTION J. PARTICULARS OF INSTALLATION REFERRED TO IN THE REPORT

Means of Earthing Details of Installation Earth Electrode (where applicable)

Distributor's facilty | Type .....N{A

Installation earth Location

electrode [0 | Resi WEarth e

Main Protective Conductors

Earthing conductor Material ....C4. csa ....ke mm2 C ion | continuity verified [/
Main protective bonding conductors | Material cu csa 10 mm? G ion / continuity verified )
To water installation pipes [ [ To gas installation pipes [ [ To ol installation pipes [NVA|[ To structural steel [IN/A

To lightning protection [N/A [ Toother [ Specify NZA.

Main switch [ Switch-fuse [ Circuit-breaker / RCD

Location ...44rage. Current rating ........... _A | IfFRCD main switch

Fuse / device rating or setting _.N/A A | RCD Type
Voltage rating ....... T Rated residual operating current (In)
Rated time delay ........
Measured operating time .

BSEN) .....548¢.
No of poles .......2

SECTION K. OBSERVATIONS
Referring to the attached inspection schedule(s) and schedule(s) of circuit details and test results, and subject to the limitations specified at the
Extent and limitations of inspection and testing section

No remedial action is required [] The following observations are made [7] (see below):
OBSERVATION(S) Include scheduls reference, as appropriate CLAS(S:IE\[():EF\TION
1. Damage to cable for Circuit 7 (shower) in loft. Conductors visible, evidence of arcing C1
2 Damage to cable for Circuit & (lighting) in loft, conductors visible [or
C3
3

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 present. Risk of injury. Immediate remedial action required

C2 — Potentially dangerous - urgent remedial action required

C3 - Improvement recommended

FI - Further investigation required without delay

200 | On-SiteGuide
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A\ 4 Figure C4.1 0(iii) Electrical Installation ~ Conditon ~ Report Inspection  Schedule

- page 3

42245

Certif 'Report Number

CONDITION REPORT INSPECTION SCHEDULE FOR
RESIDENTIAL AND SIMILAR PREMISES WITH UP TO 100 A SUPPLY
Note: This form is suitable for many types of smaller installation, not exclusively residential.

The persons responsible for the periodic inspection of the installation should include the relevant items in relation to the electrical
installation, the inspection schedule can be reduced or exp dependi the requi for the installation.

|Acceptable Unacceptable | State |Improvement | State |Further
ourcoues |/ Fen ¥ Lcondion c3

C1 or €2 |recommended linvestigation
ITEM|

NO

Fl |N0f verified | NV |Limitaljon | LM ’Nof applicable I NIA
OUTCOME
(Use codes above. Provide additional
comment where appropriate.
C1, €2, 3 and Fl coded items lo be recorded
in Section K of the Condition Report)

DESCRIPTION

1.0 | SUPPLY INTAKE EQUIPMENT (visual only)

Distributor/supplier intake equipment
- Service cable

- Service head

- Earthing arrangement

- Meter tails

Where Inadequacies are found a cross should be put
against the appropriate item and a comment made in
section K. An outcome against an item in section 1.0,
other than access to live parts, should not be used to
determine the overall outcome.

- Metering equipment
- Isolator (where present)

Where inadequacies in the intake equipment are encountered, which may result in a dangerous or
potentially dangerous situation, the person ordering the work andjor duty holder must be informed. It
i strongly recommended that the person ordering the work informs the appropriate authority.

Person ordering word / Duty holder nolified (Delete as appropriate) =r+N/A (Delete as appropriate)

N/A
v

N/A

Consumer's isolator (where present)
Consumer's meter tails

PRESENCE OF ADEQUATE ARRANGEMENTS FOR OTHER SOURCES
‘SUCH AS MICROGENERATORS (551.6; 551.7)

EARTHING / BONDING ARRANGEMENTS (411.3; Chap 54)

Presence and condition of distributor’s earthing (542.1.2.1; 542.1.2.2)
Presence and condition of earth electrode connection where applicable (542.1.2.3)
33 ion of labels at all locations (514.13.1)
Confirmation of earthing canductor size (542.3; 543.1.1)

hi at MET (543.3.2)

main protective bonding conductor sizes (544.1)

and condition of

C

Condition and of main protective bonding conductor connections (543.3.2; 544.1.2)

Accessibility and condition of ather protective bonding connections (543.3.2)

'CONSUMER UNIT(S) / DISTRIBUTION BOARD(S)
1o consumer unit/distribution board (132.12; 513.1)

Adequacy of working
Security of fixing (134.1.1)

Condition of enclosure(s) in terms of IP rating efc (416.2)

Condition of enclosura(s) in terms of fire rating etc (421.1.201, 526.5)
45 |End s0 as to impair safety (651.2)
Presence of main linked switch (as required by 462.1.201)
Operation of main switch (functional check) (643.10)

Manual operation of circuit-breakers and RCDs to prove di (643.10)
Correct i of circuit details and protective devices (514.8.1; 514.9.1)
Presence of RCD six-monthiy test notice, where required (514.12.2)

Presence of altemative supply waming notice at of near consumer
Presence of other required labelling (please specily) (Section 514)

Compalibility of protective device and base and other components; corect type and rating. (No
signs of unacceplable thermal damage, arcing or overheating) (536 .4.203)

NNNSSRENRY '\‘\‘\’\'\*\E'\

board (514.15)

EZ
>

413

414
415

Single-pole switching or protective devices in line conductors only (132.14.1; 530.3.2)

Protection against mechanical damage where cables enter consumer unitidistribution board (132.14.1;
522.8.1;522.8.5, 522.8.11; 530.3.2)

416 abl
417
418

419

enter consumer 5.1)

Protection against
RCDI(s) provided for faull prolection - includes RCBOS (411.4.9; 411.5.2; 531.2)
RCD(s) provided for additional protection - includes RCBOs (411.3.3; 415.1)

Confirmation of indication that SPD is functional (651.4)

SEALE

)
o

N/A
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G| Appendix

¥ Figure G4.10(iv) Electrical Installation Condition Report Inspection Schedule
- page 4

42345

Certific pert Number

ation { Fl ’Naf vsn’lied‘ NIV ‘Umv‘(arﬁ‘on i Lim lNal applicable ‘ NiA

OUTCOME
(Usa codes above. Provide additional
NO DESCRIPTION comment where appropriate.
C1, C2, €3 and Fl coded items to be recorded
in Section K of the Condition Report|

4,20 | Confimation that ALL canductor connections, including connections to busbars, are correctly located in 7
terminals and are tight and secure (526.1)

| 4,21 | Adequate arrangements where & generating set operates as a switched altemative to the public supply (551.6) | N/A
[a.22 [ Adequate where a generating set cperales in parallel with the public supply (551.7) N/A

5.0 [FINAL CIRCUITS
5.1 |Identification of conduclors (514.3.1)

5.2 | Cables correclly supporied throughoUt their run (522.8.5)

53 | Condition of insulation of live parts (416.1)

5.4 |Non-sheathed cables protected by enclosure in conduil, ducting or trunking (521.10.1)

= To include the Intagrity of condult and trunking systems (metallic and plastic)

55| Adequacy of cables for curreni-carrying capacity wilh regard for the type and nafure of installation (Section 523)
5.6 | Coordinalion between conduetors and overioad protective devices (433.1; 533.2.1)

57 | Adequacy of proteciive devices: type and rated current for fault protection (411.3)

58 |Presence and adequacy of circuit protective conductors (433.1; 543.2.1)

59 | Wiring system(s) appropriate for the type and nature of the installation and external influences (Section 522)
5.10 | Concealed cables nstalled in prescribed zones (see Section D. Extent and imitatians) (522.6.202)

5.11 | Cables concealed under floors, above ceflings or in walls/pariitions, adequately profecied against
damage (see Section D. Extent and fimitations) (522.6.204)

5,42 | Provision of additional pratection by RCD not exceeding 30 mA:

= for all socket-oullets of rating 32 A o less, unless an exception is permilted (411.3.3)

NS SRRV RREY

~ Tor supply o mobile aquIpment ot exceeding 32 A rating for use oUIAo0TS (411.3.3)
= for cables concealed in walls at a depth of less than 50 mm (522.6.202; 522.6.203)
= for cables concealed in walls/partitions containing metal parts regardless of depth (522.6.203)

o
Ol

£
BN

.13 | Provision of fre barriers, sealing arrangements and protection agains! thermal effects (Section 527)
5.14 | Band Il cables segregated/separated from Band I cables (528.1)

5.15 [ Cables segregaied/separated from communications cabling (528.2)

5.16 | Cables segregaled/separaled from non-electrical services (528.3)

5.17 | Termination of cables at enclosures — indicate extent of sampling in Section D of the report (Section 526)

= Connections soundly made and under no undue strain (526.6)
= Nobasic insulation of 2 canductor visible outside enclosure (526.8)
= Connections of Ive conduciors adequately enciosed (626.5)

= Adequately connected al point of entry 10 enclosure (glands, bushes efc) (522.6.5)
5.18 | Candilion of accessories Inciuding socket-oullets, switches and joint boxes (651.2)
5.19 | Suitability of aocessories for oxternal influences (612.2)

530 | Adequacy of working space/accessibiiy (o equipment (132.12; 513.1)

5.21 | Single-pole switching er protactive devices in line conductors only (132.14.1; 530. 3.2)

NN

6.0 [ LOCATION(S) CONTAINING A BATH OR SHOWER

1| Additional protection for all low voltage (LV) circuits by RGD not exceeding 30 mA (701.411.3.3)
63 |Where used s a poleciive measure, requirements for SELV or PELV met (701 414.4.5)

3 | Shaver supply units comply with BS EN 61558-2-5 formerly BS 3535 (701.512.3)

€4 | Presence of bonding conduciors, unless not required by BS 7671:2008 (701.415.2)
65 | Low voltage (6.0. 230 voll) sockel-oullels sited al least 2.5 m from zone 1 (701.512.3)

66 | Sultabilty of equipment for external influences for installed focation in terms of IP rating (701.512.2)
6.7 | Sullability of accessories and controlgear elo. for a partioular zons (701.512.3)

©
W

z
N

N

5.8 | Sullability of current-using equipment for particular position within the location (701.55)

| 7.0 [OTHER PART 7 SPECIAL INSTALLATIONS OR LOCATIONS

7.1 | Uist all other special installations or locations prosent, f any. (Record separately the results of
particular inspections appliad.) N/A
[8:0 [CHAPTER 82 PROSUMER'S LOW VOLTAGE ELECTRICAL INSTALLATION(S) ]
8.1 [Whers the installation includes addilional requirements and recommendations relaing 1o N/A
Chapter 82, additional inspection items should be added to the checkist
Tupectedby: 7, STORES Geoff Stokes
H - P 02/0
Name (Capitals) i Daté q/2022

202 On-Site Guide

© The Institution of Engineering and Technology



‘SHNS3Y 1531 J0 BNPAYIS B4 JO | € UWNI0D | SIBWAY, U 1 10U Buy) 10} 0 siendodde au) u €iep au) 10 8008 BU) BIEIS ‘Z20Z 2W+ L0219, S8 IO | adeu ueus Bl WOl USHEL SE 21 UWNKoo Uy e paiwad wwiew oy eisum §
g 94 58 jo p Mpuaddy o 2y 2108 505 1
AN VRGN aNISURS D3I0H 0LPOICISA 0G5 E1 ¢ 09 4

(Z207:2¢+B102/1 3L SBI0 ¥E3 DRSS 855 ‘SYNSay 1L J0 SIMBSLOS BUG 0 'LE UILNIRD ' SHEiLa

Appendix |G

sl S3|qe0 paje|Nsul [esaLY qe i i 531qE0 VS 2 n gﬂ..e,ﬁ_m“::_s?ia;p ::mn_“uz_ Siieiow suﬁﬁm a_:sg:e__F _._me_,,mwus 2yt Esw,u‘muu patEays !
0 H o 4 3 a 2 a v
ONINIM 40 $3dAL ¥O4 $300D
e 24vds 8
Y/N | V/N | Y/N V/N |bOT| 2 oF g 8809 | 5T o9 T 2 A4 AIMOVS L
V/N | V/N | V/N V/N 8TL| 2 2 g 86802 | OT T <€ 7} v (0604v6) spvb17 9
V/N | V/N | ¥/N V/N |8TL| 2 E ] 86802 | O'T ot | TT | 2 \4 (A puv sapgsumop) spqbi7 | S
V/N|V/N | V/N V/N |8TL| 2 2 €l 86802 | OT ot L a9 v (sa1w3sdn) s3v617 +
V/N| V/N | w/N Y/N |[teT| 9 | T2 | 4 86809 | ST sz |or | 2 Y (579)310-305905 F3l|1an /vavoan)) [ouly Burl | €
V/N|V/N | VY/N V/N | L€T| 2 e g 8b809 | ST sz | b ] v (532)3n0-323005 saivgsdn) Jouy Bury @
Y/N|V/N | V/N VY/N |L8T| 2 ce 2l 86802 | ST 57 | OT 2 v (s30)2n0-322205 SAI3SUMOP) [Oul) Buly %
ED — b (3 e <} e o 6| 8 < 9 [ ¥ € z v
P A 3 §15|2)|% & 8 - I - 9
= = 8 = = ® = 8 = = 8 3 3 3 8
L Z 2|5 |2 Z 3 3 §lg | e 5
M = = 5 ﬂ 3 =~ W = a 3 =, uonduosap Unany m
° e d S =
3 §l1g)¢ .
E | & z |2
g = @ a
N3 2
) - @©
2 221s g Jequiny a
aoy @oirsp aAlosjold JUBLINDIBAQ sjieyep J0pnpuoy
STIVLIA LINDYID
v Ol Ozl [0 4L uls)edhy ssweea ads
v o8 ‘bumag/buney g edAL T9gT (N3) S8 OO0 HNU LoINGUISIa
1230 wouy palddng A2}10g Apou  UONEIOT no :@2uslayel ga
pav0qdna o3 slieyap pJeoq uopnqLisia
quinu poday/eleoyied STIV13a LiNJ¥ID 40 TINAIHOS JI-¥ANIO

G obed - yoday uompuon uUohE|BISU| [BOLIDA|T - S|IB}2 HNJAID JO JNPaYIS JLIBUSD) (AoLye ainbBi4 A

203

On-SiteGuide

© Thelnstitution of Engineeringand Technology



G| Appendix

pJeoq UONNQUISIP JO  JUN  Jawnsuod  Alene Joj

penssi @q [Im S)Nsey 1Sl JO  9NPAYdS Buo pue  sjieled  WINAUD JO  9NpayRs  auQ ‘310N

uolNg 153) B 2ABY SOV II° 10N
(491} ywouno Bunesado (enpises pales ¢ 1sa wann> Bugewssife Ue BUIS PYUIA S| SSOUINPIRD GDY e

PBIBIUS 04 PINOYS X, UE ‘PaINUGP! 5| IEiod 10811031 PUE 'HOdE UOTIPUCD UOREIIEISU [E3LIDBLT UE iy PENSS| S1 SIAPaYDS i) B1aUM

UOIIEAIPU! AN BIQISIA BREY SO IR 1ON |

zzoz doquardes z 0 sri0ls ffoab ‘aimeubig
$INO0LS U (siendeD) sweu Aq pajsa)
aavds g
V/N | V/N| V/N | T€0| , |bbb<|bbb&| 00S | V/N|STO| V/N|V/N|V/N| L
V/N | V/N| V/N | TS'O| , |bbbi|bbb<| 00S | VY/N |90 | V/N | V/N | V/N 2
V/N | V/N| V/N|26€| 4 |bbb<|bbb<| 0OS | V/N|O8S | V/N|V/N|V/N| S
V/N | V/N | V/N | +T€| , |bbb<i|bbbi| O0S | V/N|LOS| V/N | V/N| ¥/N| +
V/N | V/N| V/N| T920| , |bbb<|bbb<| 00S | V/N|2¥0|STT|0LO|OLO| €
V/N | V/N| V/N| 85°0| , |bbb<|bbbs| 00S | VW/N|TTO|¥S0|cc0| cco| ¢
V/N | V/N | Y/N | 80 S |bbbLl|bbbL |OOS | V/N |TE€O |bL'O |8¥'0 |8%0 | T
e m 3 m 3 m 8z m L2 M 9% .MI S¢ m ve w €2 ZMH e ..w 53 ﬂ“ oc u\J) 61 HJU 8l o b
2 = g X o o© @ = + ] 3 5 8
5| g 3 3 S m = 5 = 8 S 2 =
(Aiessa0au i j9ays ojeledes B Uo anupuoD) m M g 3 Ea £ = M ~ g B m
=4 2 3 5 = 3 =
Bunsa) uaym obewep o} ajgesauina W m m 2 2 W 2 M
Juawdinba paj|eisul Jo/puUB S1INDII0 JO S|iB18p 8pNjou| = = 3 m =] = -
B g 2 g
syiewoy o 2
5 3 ‘w0 (g + ') 1N ey Bury
aadv aoy 'z souE|sISa) Lone|nsu| {u) Aunupuog
S7IVL3A LTNS3Y 1S3l
Y/N :00UBSISAI B8poIdaja Lpeg
V/N ‘aoy s
<“_2 ST S e JAl WIN [ spauuyuos sniers [euojesedo :ads
W/N /N [ eousnbes aseyd [a] Auejod jpsiion  :pauuyuon
Y/N inug a a.
bbEOTOY MBS ‘uonouny Ny i 9T Lo 2T°0 z TNJ  ‘eoussPrgd
(siaquinu Jasse 10/pue |BLIBS) Pash SjudLUNIISU] 353) 4O S|iejaq S|iejap pJeoq uonnquIsiq
TSRSy HequInu oday/s1eoya) S17NS3Y 1S31 40 3TNAIHIS JIYANTID
g obed - uodey uojIPUOD UONE|BISU| [EDIOD|T - S)NSOY 1S9 JO 9INPayIS JlBUBD) (noLyy einbiy A

On-SiteGuide
@© Thelnstitution of Engineeringand Technology

204 I



Appendix |G

CONDITION REPORT
Notes for the person producing the Report:

1

10

1"

This Report should only be used for reporting on the conditon of an existing
electrical installation, and not for the replacement of a consumer unit/distribut ion
board. An installation which was designed to an earlier edition of the Regulations
and which does not fully comply with the current edition is not necessarily
unsafe for continued use, or requires upgrading. Only damage, deterioration,
defects, dangerous conditions and non-compliance with the requirements of the
Regulations, which may give rise to danger, should be recorded.
The Report, normally comprising at least five pages, should include schedules
of both the inspection and the testresults. Additional pages may be necessary
for other than a simple installation and for the 'Guidance for recipients'. The
number of each page should be indicated, together with the total number of
pages involved.
The reasonfor producing this Report, such as change of occupancy or landlord's
periodic maintenance, should be identifiedin Section B.
Those elements of the installation that are covered by the Report and those
that are not should be identified in Section D (Extent and limitations). These
aspects should have been agreed with the person ordering the report and
other interested parties before the inspection and testing commenced. Any
operational limitations, such asinability to gain access to parts of the installation
or an item of equipment, should also be recorded in Section D.
The maximum  prospective value of fault current (I,f) recorded should be the
greater of either the prospective value of short-circuit current or the prospective
value of earth fault current.
Where an installation has an alternative source of supply a further schedule of
supply characteristics and earthing arrangements based upon Section | of this
Report should be provided.
A summary of the condition of the installation in terms of safety should be
clearly stated in Section E. Observations, if any, should be categorised in
Section K using the coding Cl to C3 as appropriate. Any observation given
a code Cl or C2 classification should result in the overall conditon of the
installation being reported as unsatisfactory.
Wherever practicable, items classified as'Danger present’ (Cl) should be made
safe on discovery. Where this is not possible the owner oruser should be given
written notification as a matter of urgency.
Where anobservation requires furtherinvestigation (FI) because 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 Cl| or C2 item, this should be recorded within Section K, given
the code Fland marked as unsatisfactory in Section E.
If the space available for observations in Section K is insufficient, additional
pages should be provided as necessary.
The date by which the next Electrical Installation Conditon Report is
recommended  should be given in Section F.The interval between inspections
should take into account requirements of Regulation 652.1 and the overall
condition of the installation.
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CONDITION REPORT

206

GUIDANCE FOR RECIPIENTS (to be appended to the Report)

This Report is an important and valuable document which should be retained for future
reference.

1

The purpose of this Report is to confirm, so far as reasonably practicable,
whether or not the electrical installation is in a satisfactory condition for
continued service (see Section E). The Report should identify any damage,
deterioration, defects and/or conditions which may give rise to danger
(see Section K).

This Report is only valid if accompanied by the Schedule® of Inspections and
the Schedule® of Circuit Details and Test Results.

The person ordering the Report should have received the ‘original' Report and
the inspector should have retained a duplicate.

The ‘original' Report should be retained in a safe place and be made available
to any person inspecting or undertaking work on the electrical installation in
the future. If the property is vacated, this Report will provide the new owner/
occupier with details of the condition of the electrical installation at the time
the Report was issued.

Section D (Extent and Limitations) should identify fully the extent of the
installation covered by this Report and any limitations on the inspection and
testing. The inspector should have agreed these aspects with the person
ordering the Report and with other interested parties (licensing authority,
insurance company, mortgage provider and the like) before the inspection was
carried out.

Some operational limitations such as inability to gain access to parts of the
installation or an item of equipment may have been encountered during the
inspection. The inspector should have noted these in Section D.

For items classified in Section K as Cl ('Danger present1), the safety of those
using the installation is at risk, and it is recommended that a skilled person
or persons competent in electrical installation work undertakes the necessary
remedial work immediately.

For items classified in Section K as C2 (‘Potentially dangerous’), the safety
of those using the installation may be at risk and it is recommended that a
skilled person or persons competent in electrical installation work undertakes
the necessary remedial work as a matter of urgency.

Where it has been stated in Section K that an observation requires further
investigation (code FI) the inspection has revealed an apparent deficiency
which may result in a code Cl or C2, and could not, due to the extent or
limitations of the inspection, be fully identified. Such observations should
be investigated without delay. A further examination of the installation will
be necessary, to determine the nature and extent of the apparent deficiency
(see Section F).

On-Site Guide

© The Institution of Engineering and Technology



10

1"

12

13

14

Appendix |G

For safety reasons, the electrical installaton should be re-inspected at
appropriate  intervals by a skilled person or persons, competent in such work.
Therecommended date bywhich the next inspection is due is stated in Section

F of the Report under ‘Recommendations'.

Where the installation includes a residual current device (RCD) it should be
tested six-monthly by pressing the button marked T or 'Test'. The device should
switch off the supply and should then be switched on to restore the supply. If the
device does not switch off the supply when the button is pressed, seek expert
advice. For safety reasons it is important that this instruction is followed.

Where the installation includes an arc fault detection device (AFDD) having a
manual test facility it should be tested six-monthly by pressing the test button.

Where anAFDD has both atest button and automatic test function, manufacturer's

instructions shall be followed with respect to test button operation.

Where the installation includes a surge protecton device (SPD) the status
indicator should be checked to confirm it is in operational condition in
accordance with manufacturer's information.  If the indication shows that the
device is not operational, seek expertadvice. For safety reasons it is important

that this instruction is followed.

Where the installation includes alternative or additional sources of supply,
warning notices should be found atthe origin or meter position, or if remote

from the origin, atthe consumer unit or distribution board and at all points of
isolation of all sources of supply.
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433.1.204

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(ii) for cable cross-sectional area (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 relevant chapters or sections, 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, aring or radial circuit, with spursif 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.

A single 30 A or 32 A ring circuit may serve a floor area of up to 100 m2 Socket
outlets for washing machines, tumble dryers and dishwashers should be located so as

to provide reasonable sharing of the loadin each leg of the ring, or consideration should
be given to separate circuits.
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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
cross-sectional area* (m m2)

Overcurrent Copper conductor
protective thermoplastic or  Copper conductor Maximum floor
Typeof device thermosetting mineral insulated area served
circuit rating (A) insulated cables cables (m?

3 4 5 6

Al Ring 30 or32 25 15 100

A3  Radial 20 25 1.5 50

*  See Section 7 and Table 7.1(ii) 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 amongthe circuits.

H2.2 Circuit protection

TableH2.1 is applicable for circuits protected by:

» fuses to BS3036, BS 1361 and BS88, and
» circuit-breakers:

- TypesBand C to BSEN60898 or BSEN 61009-1

- BSENG0947-2
- Types1,2and 3 to BS3871.
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H2.3 Conductorsize

The minimum size of conductor cross-sectiona! areain 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 the appropriate
rating factors from Appendix F (see Table 7.1(ii)). The as-installed current-carrying
capacity (IJ so calculated must be not less than:

(a) 20 Aforring circuit Al

(b) 30 A or 32 A for radial circuit A2 (i.e. the rating of the overcurrent protective
device); and

(c) 20 Aforradial 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 sizeis:

(a) 1.5mm ?for cables with thermosetting or thermoplastic (PVC)insulated cables,

copper conductors; and
(b) 1 mm 2 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, with
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 circuit-breaker of rating not exceeding 16 A
and should be controlled by a switch, where needed (see Appendix J). A circuit-breaker
may be used for infrequent switching of a load for isolation and maintenance. For more

frequent switching operations an additional functional switch is required.
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H3 Radial final circuits using 16 A socket-outlets
complying with BSEN 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 TablesH2.1 and 7.1(ii). Where
cables are grouped together the limitations of 7.2.1 and Appendix F apply.

H3.4 Typesof socket-outlet

Socket-outlets should have a rated current of 16 A and be of a 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 BS4177, which may
incorporate a socket-outlet.

The rating of the circuit is determined by the assessment of the current demand of the
cooking appliance®, and the cooker control unit socket-outlet if any,in accordance with
Table Al of Appendix A. A30 A 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 areinstalled 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

The Building Regulations of England and Wales and Scotland require switches and
socket-outlets in new dwellings to be installed so thatall persons including those whose

reach is limited can easily use them. A way of satisfying this requirement s to install
switches, socket-outlets and controls throughout the dwelling in accessible positions ata
height of between 450 mm and 1200 mm from the finished floor level (see Figure H6).
Because of the sensitivity of circuit-breakers, RCCBsand RCBOsfitted in consumer units,
consumer units should be readily accessible.

NOTE: The requirements applicable to dwellings for known wheelchair users will vary.

(In areas subject to flooding, meters, cut-outs and consumer units should preferably be

fixed above flood water level.)

© Thelnstitution of Engineeringand Technology

¥ Figure H6 Height of switches, socket-outlets, etc. for visible and accessible
adaptable  buildings
entry door ~two-way
phone bell switch
. . ‘ maximum
= o
1200 mm
o 2] o .
o =i minimum
450 mm| : I [
I
tv aerial telephone socket -
socket socket outlet
On-SiteGuide | 213



HI Appendix

55307

214

H7 Number of socket-outlets

Sufficient socket-outlets are required to be installed so that all equipment likelyto 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 (atleast3 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.

VY Table H7 Minimum number of twin socket-outlets to be provided in homes
(Source: Electrical Safety Firstand the Electrical Installation Forum.)

Room type Smaller rooms Medium rooms Largerrooms

(up to 12m?) (more than 25 m?

Main living room 4 6

Single bedroom 2

Bedsitting room 4

Utility room 3

Garages 2

Location containing a

see NOTE 3

bath or shower

NOTE: With certain  exceptions, all socket-outlets are required to be protected by a 30mA RCD in
accordance with BS 7671 (IET Wiring Regulations).
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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 atnot more than 1metre intervals along the surface.

2 HOME ENTERTAINMENT- In addition to the number of socket-outlets shown in the table it is
recommended that atleast two further double socket-outlets are installed in home entertainment areas.

3 LOCATIONSCONTAINING A BATHOR SHOWER- Socket-outlets other than SELVsocket-outlets and
shaver supply units complying with BS EN 61558-2-5 are prohibited within a distance of 2.5 m
horizontally from the boundary of zone 1. For example, 250 V socket-outlets in abathroom must be
installed a minimum 2.5 m from the edge of the bath, BS7671 refers.

4 ELECTRICVEHICLECHARGING- 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 Section 722 of BS 7671 'Electric Vehicle Charging Installations',
which includes the specification of socket-outlets and connectors for the charging point. See also the
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
minimize 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 diode (LED) lamps. The advantage
of LED lamps over CFLIlamps 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 their improved 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. LEDlamps are produced for every type of lampholder
and 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 while ELVIamps 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 they are
installed in accordance with the manufacturer's specification. Designers and installers
are required to comply with Regulation 134.1.10f BS7671 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, ortouching, 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 shows
nominal voltage of 230 Vwith permitted tolerances of +10 % / —6 °/o,meaning that the
supply voltage at the incoming terminals of an electrical supply provided in accordance
with the Electricity Safety, Quality and Continuity Regulations (ESQCR)can be between
the limits of 216.2 -253.0 V.
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Resistance of copper

and aluminium
conductors

43452 To check compliance  with Regulation 434.5.2 andfor Regulation 543.1.3, ie. to
543.1.3 evaluate the equation S? = |2t/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:

Uo is the nominal voltage to earth
Z is the earth fault loop impedance
and

Zs=Zo+ Ry + Ry

where:
Ze is that part of the earth fault loop impedance external to the circuit
concerned
Ry is the resistance of the line conductor from the origin of the circuit to the
point of utilization
Ry 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 11gives values of (R; + Ry) per metre forvarious combinations of conductors up to
and including 35 mm 2 cross-sectional area. It also gives values of resistance in milliohms
per metre (MQ/m) for each size of conductor. These values are at 20 °C.
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Y Table 11 Values of resistance/metre or (R, + R /metre for copper and
aluminium conductors at 20 °C

Cross-sectional area (mm?) Resistance/metre or
(R; + R,)/metre (mQ/m)

Line conductor Protective Copper Aluminium
conductor

25 = 7.41
25 1 2551
25 1.5 19.51

6 s 3.08
6 2.5 10.49
6 4 7.69
6

6 6.16

16 i 1.15 1.91

16 6 4.23 #
16 10 2.98 -

35 T 0.524 0.87
35 16 - 1.674 2.78
35 25 ' b 251 207
35 35 1.048 1.74
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Y Table12 Ambient temperature multipliers to Table 11

. Expected ambient temperature (°C) . Correction factor*

5 0.94

25 1.02

*  The correction factor is given by {1 + 0.004(ambient temp —20 °C)} where 0.004 s the simplified
resistance coefficient per °C at 20 °C given by BSEN 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

Table 41.2 Table 13 gives the multipliers to be applied to the values given in Table 11for 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 414 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 13may be reduced
accordingly.
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¥ Table 13 Multipliers to be applied to Table 11to 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:

1 See Table 542 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.
See Table 54.3 of BS 7671, which applies where the protective conductor is a core in a cable oris

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, and
BS 3036, and 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

¥ Table Il Guidance on the selection of protective, isolation and switching
devices, reproduced from BS 7671

Device Standard Isolation®  Emetgency Functional

switching off® switching®

Switching  device BS EN 50428 No No Yes
BS EN 60669-1 No No Yes
BS EN 60669-2-1 No No Yes
BS EN 60669-2-2 - No No Yes
BS EN 60669-2-3 No No Yes
BS EN 60669-2-4 Yes® Yes Yes
BS EN 60947-3 Yes(3) Yes Yes

BSEN 60947-5-1 No No Yes

Starters BS EN 60947-4-1 Yes( Yes Yes

BS EN 60947-4-2 No No Yes

BS EN 60947-4-3 No No Yes

RCD BS EN 60947-2 Yes® Yes Yes

BS EN 61008 series Yes® Yes Yes
BS EN 61009 series Yes® Yes Yes

BS 7288 Yes® No Yes
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¥ Table JI continued

Device Standard Isolation'”  Emergency Functional

switching off? switching®

Isolating switch ~ BSEN 60669-2-4  Yes Yes

BS EN 60947-3 Yes(3 Yes Yes

Plug and socket-outlet  BS EN 60309 Yes® No No
(> 32A)

Control and protective ~ BS EN 60947-6-1 Yes(3) Yes Yes

switching device for : : 3
equiphent(CPS) BS EN 60947-6-2 Yes! Yes Yes
* Fuse (removal of ~ BS 88 series Yes No No
fuse link) :
BS 3036 i(es No No

Luminaire Supporting  BS 6972 Yes® No ; No
Coupler

Plug and switched S BS 15631 Yes® No Yes
socket-outlet®

' BS 13632

Plug and switched TBS5AET o Yes® No Yes
socket-outlet® . : .

Switched fused - BS1363-4 Yes® Yes - Yes
connection unit o .

Cooker Control Unit  BS 4177 : Yes® Yes : Yes
o , i e T
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Yes= Function provided, No = Function not provided

(1) Function provided if the device is suitable and marked with the symbol for isolation
(see IEC 60617 identity number S00288) _/|_

(2) See Regulation 537.3.3.

(3) Device is suitable for on-load isolation, i.e. disconnection whilst carrying load current.

(4) In an installation  forming part of a TTor IT system, isolation requires disconnection of all the
live conductors. See Regulation 462.2.

(5) Circuit-breakers, AFDDsand RCDs are primarily ~circuit protective devices and, assuch, they
are notintended for frequentload switching. Infrequent switching of circuit-breakers on-load is
admissible for the purposes of isolation or emergency 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 alternative device from those listed as suitable for functional switching
in Table 537.4 should be employed.

(6) The switch of a socket-outlet is not required to be suitable for isolation,

asisolation is achieved
by withdrawal of the plug. See Regulation 537.1.3.

NOTES to Table JI

NOTE 1:  Anentryof (1,3) means that the device is suitable for on-load isolation only if it is marked

with the symbol for on-load isolation —/Op—

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: [dentification  of conductors
(now withdrawn).

Amendment No 2:2004 (AMD 14905) to BS7671:2001 implemented the harmonized
cable core colours and the alphanumeric marking of the following standards:

» HD 308 52:2001 Identification  of cores in cables and flexible cords
» BS EN 60445:201 7 Basic and safety principles for man-machine interface,
marking and identification  of equipment and terminals and of terminations

This appendix provides guidance on marking atthe 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 KI).
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 Kl Identification of conductors (Harmonized)

Protective conductor s : REE . Green-and-Yellow (CNYE)
Protective bonding conductors PB Green-and-Yellow (GNYE)
Functional earthing conductor EE Pink  (PK)

Two-wire unearthed DC power circuit
Positive  of two-wire circuit L+ Red (RD)

Negative  of two-wire circuit L— White (WH)

Three-wire DC power circuit

Outer positive of two-wire circuit derived from Lt Red (RD)
three-wire system -~

Quter negative  of two-wire circuit derived from  L- White (WH)
three-wire system

Positive of three-wire circuit L+ Red (RD)
Mid-wire of three-wire circuit *? M Blue (BU)
Negative of three-wire circuit L— White (WH)

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 circuit.

3 Only the middle wire of three-wire circuits may be earthed.
4 An earthed PELV conductor is blue.
On-Site Guide
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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 atwo- or athree-phase installation wired in
the old core colours with cable to the new core colours, unambiguous identification is
required atthe interface. Cores shall be marked as follows:

Neutral  conductors

Old and new conductors: N

Line  conductors

Old and new conductors: LI, L2 {3

¥ Table K2 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

Line 1of AC Red LI L1 Brown*

Line 3 of AC Blue 1E3 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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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 atits 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 conductorsin 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 Changesto cable core colour identification
¥V Table K6()) Cable to BS6004 (flat cable with bare cpc)

Cable type Old core colours New core colours

Single-core + bare cpc Red or Black Brown or Blue

Brown, Brown

Red, Red
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¥ Table K6(ii) Standard600/1000 Varmouredcableto BS6346, BS5467 or BS6724

Cable type Old core colours ~ New core colours

Single-core Red or Black BroWn or Blue

Three-core Red, Yellow, Blue

Bréwn, Black, Grey

Five-core Red, Yellow, Blue, Black, Brown, Black, Grey, Blue,
Green-and-Yellow Green-and-Yellow

¥V Table K6(iii) Flexible cable to BS 6500

Cable type 0ld core colours New core colours

Two-core Brown, Blue No change

Four-core Black, Blue, Brown, Brown, Black, Grey,
Green-and-Yellow Green-and-Yellow

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: Red or White, or L+ or L-
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¥ 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 condtictor

Colour Colour Marking Marking  Colour
(to 2004)  (2004-2021)

Two-wire unearthed DC power circuit

Negative  of two-wire circuit : : ~Black® v 7 “Gray L- : = White

Two-wire earthed DC power circuit
Negative (of negatve earthed) circuit
Negative ~ (of positve earthed) circuit s

Three-wire DC power circuit

Outer negative of two-wire circuit Red Grey L= Lo White
derived from three-wire system ;

Mid-wire of three-wire circuit Black Blue M M Blue
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K8 Colour codes for diagrams and
specifications

Colour code conventions for wiring colours in operation and maintenance documentation,
schedules and diagrams should follow the harmonized standard BS 7645 (IEC 60757),
implementing CENELECHD 457 SI, as outlined in Table K8 Bi-colour identification
should be documented as 'AABB' where AA is the predominant colour and BB is the
secondary colour, e.g. GNYE for green-and-yellow.

¥ Table K8 BS 7645 colour code convention for conductor identification in
documentation, schedules and drawings

Code Colour

BK Black

PK Pink

TQ Turquoise

WH White

On-SiteGuide | 231

© Thelnstitution of Engineeringand Technology



NOTE

232 | On-SiteGuide

®© The Institution of Engineering and Technology



Appendix

Degrees of protection

provided by enclosures
(IP code)

The requirements  of the IP code are given in BS EN 60529:1 992+A2:201 3. For more
information  see IET Guidance Note 1.

The degree of protection provided by anenclosure is indicated by two numerals followed
by an optional additional letter and/or optional supplementary letter(s) as shown in
Figure LI.

¥ Figure LI IP code format

Code letters
(international protection)

First characteristic numeral
(numerals 0 to 6, or letter X)

Second characteristic numeral
(numerals 0 to 8, or letter X)

Additional letter (optional)
(letters A, B, C, D)

Supplementary letter (optional)
(letters H, M, S, W)

Forthe 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 212.5 mm in diameter shall not be

possible. Additionally, aninserted 2.5 mm 2probe of 100 mm in length
shall have adequate clearance from live parts.
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IP4X

IPXXD

IPX4

IPX5

IPX7

On-Site Guide

Penetration by a solid foreign object = 1.0 mm in diameter shall not be
possible.

Access by a 100 mm length of wire with csa of 1.0 mm shall not be
possible.

Water splashed against the enclosure from any direction will not affect
the equipment.

Waterjets directed against the enclosure from any direction will not
affect the equipment.

Temporarily immersed enclosure, ingress of water shall not cause
harmful effects to the equipment.

®© The Institution of Engineering and Technology



A

Additional  protection

inspection

omission of additional
protection

provision by RCD

supplementary

- equipotential  bonding

testing
Additions and alterations
AFDDs

Alphanumeric
identification ~ of
conductors

Alternative  supplies,
warning notice

Arc fault detection
see AFDDs

devices

Automatic
(ADS)

disconnection

Bands 1and I,
segregation

9.2.2(h)(iv);
G3.2

3632
225; 3.1;
3.411;76;

8.1; 8.3.1;
8.3.2

4.7

78

3.8

Table K 1

6.13

34.1; 35;
9.2.2(h)(iii);
Table G4.9

741;742;, 76

Basic protection

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

® The Institution of Engineering

On-Site Guide
and Technology

24.1; 34.1.1;
343 922(h)

8

47, 48

8.2

3.6.2(d);
36.4;

7.25(d); 8

Table 34.3

362; 3.64;
7.2.5(d)

8.1; Table 8.1
8.3.1

Figs 8.1 (i)-(iii)
Table D5

4

1.3

7.8; 81;
9.2.2(h)(iii);
9:34:102.1;

10.3.1; 10.3.6;
G3.2; G45
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Index

generator
labelling

main protective
equipotential

supplementary
equipotential
bonding

BS 1363 socket-outlets

Building logbook

Building Regulations

C
Cable
floors and ceilings
grouping
in thermal insulation
lengths, maximum
current-carrying
capacity
selection
supports/bends
walls and partitions
Capacities
conduit
trunking

Ceilings, cables above

Certificates

Charge retention,
warning label

Circuit protective
conductors

236 On-Site Guide

6.4

43; 44; 45

4.6; Table 4.6;
47, 4.8

8.1; Appx H

Foreword;
Preface

1.2

7.31

7.2.1;
Table E5 note

(b)

Table 7.1(iv)
fable 7.1(ii)
Table 7.1(jii);
Appx F

Appx C

Appx D

732
Appx E

Appx E

731

Tables
7.1(ii), (iv)
9.1; Appx C
6.1

10.3.1; Appx B
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continuity  test
Circuit-breakers

application

short-circuit capacity

Class 1and Class I
equipment

Colours, cable core

Commissioning
procedures

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

Design specification

10.3.1i

Table 7.2.7(ii)
Table 7.2.7()
226, 24.1;
832, G632

Appx K

Preface

371,43, 742

Preface

Table 7.1(ii)

Appx E
Table D3

2.25; 2.26;
33

Figs
3.6.4(ii)/(iii)
Fig 3.6.4(j)
225; 6.2
H4

Appx C

Appx F

11y 1.3(e);
221

Appx L

1.4;
Table G4.9

Preface



Devices, selection of
isolation and switching
protective

Diagrams

Disconnection  times

Distribution  board
Distributor  (definition)
Diversity

E

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

AppxJ
727
6.10

3.5; 7.1(h);
7.2.7iv;
Appx B

3.1; 6.14
1.1

Appx A

1.1(d); 2.4.3;
4.2; 4.9;
4.10

10.3.5;
Fig 10.3.5.2

33

1.1(d);
1.3(d); 2.2.6;
3.6.2(a);
49; 725;
7.2.6;
Table 7.1(ii)
note 1;
Appx B

9.3.1(e);
10.3.6

4

44

4.6;
Table 4.6;
47, 48

44

243

75

label
oil service pipe, metallic

TN-C-S

TN-8

np

typical arrangements

water service pipe,
metallic

Electric shock, protection
against

Electrical Installation
Certificates

Electricity at Work
Regulations

EMC (electromagnetic
compatibility)

Emergency switching off
Enclosures, IP code for

Escape routes, wiring
systems in

F

Fault current

prospective

protection
Fault protection

FELV.

Final circuits
standard
Fire risk

Fire safety requirements

l Index

Fig 6.4
44

Fig 2.1(i);
Table 4.4()

Fig 2.1(ii);
Table 4.4(j)

Fig 2.1iii);
Table 4.4(H)

4.11

4.4

34, 8.1
9.1; Appx G
10.1

74.2; 710
5.3; Table JI

Appx L

38.12;7.11

1.3(c); 7.2.7i
33
3412

9.2.2(h)ii);
10.3.3 vi;
Table 10.3.3

7
7.2; Appx H
38.1

1.2.1Part 8
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Firefighters' switch
Flashover

Floating earth (portable
generator)

Floors
Functional  switching
Functional testing

Furniture with electrical
supply

fused connection units
(FCU)

Fuses

distributor's  (cut-out)

G

Garages

Gas installations

Generators,
portable

Grouping of circuit
cables

H

Height of overhead wiring

Height of switches,
socket-outlets

High protective conductor

current
earthing

labelling at DB

HSE Guidance Note GS 38

On-SiteGuide
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55

2.4.1
Fig 2.4.1

7.3.1
5.4; Table JI

10.3.9

716

11.2;11.4

225
Table 7.2.7()

1.1(c);
1.3(e); 2.21

1.1(a); Table H7

2.3; Fig 2.3;
43; 4.4;

45 49;
74.3; 10.3.1ii

24; Figs
2411242/
243

2e

Table D2

H6

75
Fig 6.14

10.1(d)

of Engineering and Technology

Identification  of

conductors
Immersed  equipment
Immersion  heaters

Induction loops (hearing)

information  and
communications
cables

Information  required
Initial testing
Inspection and testing
checklists

label for periodic
report

schedules

Installation

considerations

diagram
method

Insulation  resistance
minimum  values

Inverter  generators

IP code

Isolation
identification
multiple  devices
requirements

switch, Electricity
isolator

switchgear

Appx K
Table 3.4.3
H5

7.4.4

3.7:1: 4.3;
742

1.3

10

9

9.22; 9.31
Fig 6.9
Appx G

Appx G

7.3
6.10
7.1(c)

9.3.1 (b);
1033

Table 10.3.3
244
Appx L

5

6.7

6.8

9:1:1

223; 224
225

5.1.2; Table JI



J

Joists/ceilings 7.31; Fig 7.311;

Tables 7.1(ii), (iv)

L
Labelling 6
LED lighting H8
Lighting circuits Table 7.1(ii);
723; 744
10.34
Load estimation Appx A
Logbook,  building Preface
Loop impedance  see
Earth fault loop
impedance
M
Manual, operation and
maintenance Preface
Maximum demand Appx A
Mechanical
maintenance,
switching  off for 52
Metallic  pipes 43
Meter 222
Meter tails 13(b); 2.2.1;
223, 226
Mineral insulated  cable Table ClI
Minor Works Certificate Appx G
N
Nominal  voltage 1.1(b); 63
Non-sheathed cables 2.26;
34.11
Non-standard colours 6.12
Notices 6

l Index

(o)
Off-peak  supplies 1.1(a)
Ohmmeter 10.3.1
Outbuildings 1.1(a)
Overhead  wiring Appx D
Overload  protection 2.25; 32
Overvoltages 3.7;372
P
PartP 1.21
PELV 343 7131
7.3.2();
7.6(a);
Table 8.1;
9.2.2(h)(1);
10.3 3v;
Table 10.3.3
Periodic  inspection Appx G
Phase sequence check 10.38
Photovoltaic ~ systems,
warning  notice 6.15
Plastic services 45; 48
Polarity  testing 9.31();, 102
10.34
Portable  generators 24
Prospective ~ fault current 727
measurement 9.3.1(f);
1022, 1037
Prosumer's  installations
(PEls) 12
Protected  escape routes 38112 A
Protective  device,
choice 727
Proximity  to
communications
cables 742
other services T4
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spurs 7.2.2; H2.4
Radial circuits Table 7.1(ii); testing 103.2
Appx H
S
testing 10.3.1
Rated short-circuit Schedules 6.10; 9.1;
capacities Table 7.2.7(i) Appx G
RCBOs 2.25; 2.26; Scope Preface; 1.1
bl Selection
3642, 7.26
cables Appx C
RCCB 226
S B devices for isolation,
RCDs 2.5, 38 S Appx J
7.24; 7.2.5
7.26; 78 SELV 34.3;
8.3.1; 8.3.2 7.31(e);
7.3.2(f), 7.4.1;
additional protection 225 242 7.6(a);
Sdzsdid; Table 8.1;
s 8'1’:'33;_' 9.2.2(h)(i);
Eir— 10.3.3v;
L2 (pe: Table 10.3.3
115
" ] AT Separation of gas
iagram of operation ig 11. pipework 2 3:Fig 2.3;
disconnection  times 353 43 44; 45
49; 743
fault protection 226
Short-circuit ~ capacity Table 7.2.7 (i)
integral test device 11.6
: Short-circuit  current
labelling 6.11 protection 33
multipole 1.7 Shower 7250); 8
omission; Jof 86:3:58.092; Socket-outlets
7.25
) final circuits with high
requirement  for 7.2.5 PE current 753
risk assessment 363 2 general 7.2.2: Appx H
testing 11 minimum  number 1.2.2:Table H7
Reports Appx G protection by RCD 36.20); 112
Residual current SPDs 37
devices see RCDs
decision flow chart Fig3.7.21
Resistance of
conductors Appx 1 conductor critical length 3.75
Ring circuits Table 7.1(ii); connection methods 3.76
Appx H
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selection
types
Specification

Split consumer  unit

Spurs

Standard circuits

Stud walls

Supplementary

equipotential  bonding

Supplier (definition)
Supply
frequency
nominal voltage
Support, methods of

Surge protection  devices

see SPDs
Surges

lightning

switching
Switchgear

Switching

T

Tails (consumer)

Telecommunications
cables

Testing
instruments
procedures

results schedule

3.74; Fig3.74

373

Preface

2.2.6; Figs
3.6.4(i)/(iii)

7.2.2; H24

Appx H

Tables 7.1(jii),
7.1(iv); F6

4.6; Table 4.6;

47; 4.8

1

374312
aza
512 6.2

5

Figs 2.1(i)-(ii):;

223; 226

CUTA e e G 7

10.1

Appx G

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

TT system
disconnection  times

earthing arrangement

general

metal consumer units
Two-way switching

U

Underfloor  heating

Unexpected  nominal
voltage, warning of

Index

10.2
9.3.1

Table 7.1(iv);
Appx C; Appx F

Table CI
1524

352

1:152:1;
Fig 2.1(ii)

117.1(a)(ii)

Fig 2.1®

1.1,7.1(a)®
gl
Appx E

Table D4

353
Fig 2.1(ii)

1.4(d); 7.1;
725@); 7.2.6;
10.3.5.1

226

744; Fig7.44

8.3

6.3
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Index

242

v

Ventilation
Voltage drop
calculation

general

inspection

verification

W

Walls and partitions

Warning notices/labels

Water heaters

Wiring systems in escape
routes

V/

Zones
baths and showers

cables in walls

On-Site Guide

1.2.1Part F

Appx F

7.1(9)
723

Table 7.1(ii)
note 1

9.2.2(d)

10.3.10

7.3.2
6.12-6.16
H5

3.8.1.2, 7.1
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Emergency
lighting
luminaire (or
special circuit)

Self-contained \I
emergency

lighting

luminaire %
Push-button
with indicator
lamp

=

Acoustic
signalling device,
general symbol
(e.g. bell)

Buzzer

Telephone
handset

-+

Microphone
Loudspeaker

Antenna
Machine

* Function

M = Motor

G = Generator

Static generator

Voltmeter

Ammeter

<)
@
W
&
®
a(
a0
O
®
®

Operating
device (coil)

Make contact,
normally open

Break contact,
normally closed

Manually
operated switch’

Three-phase
winding, delta

Three-phase
winding, star

Converter.
Changer not used
in IEC standards

Rectifier
Inverter

Battery of
primary or
secondary cells

Transformer,
general symbol
with two windings

10?
10¢
10°
OR
o

giga
mega
kilo
milli

micro

(€]

M

k

m
u
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