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This Guidance Note is part of a series issued by the Institution of Engineering and Technology
to explain and enlarge upon the requirements in BS 7671:2018, the 18th Edition of the IFT
Wiring Regulations.

From here on in BS 7671:2018 is referred to as BS 7671, and will only include a year after
the standard where there is a need to refer to a requirement made in an earlier edition, such
as BS 767112008,

Note that this Guidance Note does not ensure compliance with BS 7671. it is intended
to explain some of the requirements of BS 7671 but readers should always consult
BS 7671 to satisty themselves of compliance.

The scope generally follows that of BS 7671; the relevant Regulations and Appendices are
noted in the margin. Due to the introduction of CENELEC Harmonised Document (HD)
60364-6 in 2016 covering inspection and testing it has been necessary to align the dause
numbeting in BS 7671 with the HD clause numbering and this has resulted in Chapters 61 to
63 no longer being used, and the text of Part 6 of BS 7671:2018 starts at Chapter 64. Apart
from RCD testing, the requirements for inspection and testing have not significantly changed.
All of the Guidance Nates also contain references to other relevant sources of information.

Electrical installations in the United Kingdom that comply with BS 7671 are likely to satisfy
the refevant parts of Statutory Regulations such as the Electricity at Work Regulations 1989.
However, this cannot be guaranteed. It is stressed that it is essential to establish which
Statutory and other Regulations apply and to install accordingly. For example, an instaliation
in premises subject to licensing may have requirements different from or additional to, thase
of BS 7671 and these will take precedence.

The Regulations (BS 7671} apply to the design, erection and verification of electrical
installations, atso to additions and alterations to existing installations and to the inspection and
testing of existing installations. Existing installations that have been instalied in accordance
with earlier editions of the Regulations may not comply with this edition in every respect, but
this does not necessarily mean that they are unsafe for continued use or require upgrading,
and the person or persons carrying out the inspection and testing of such an installation must
decide as to whether the installation is safe and suitable for continued use.

Other related electrical installations such as emergency lighting, fire alarms and ICT systems
also have their own instalfation requirement standards such as BS 5266, BS 5839 and
BS 6701 that may have installation and inspection and testing and certification requirements
over and above that required in BS 7671. It is essential that these further requirements are
complied with in such installations,

The inspector is reminded that for a periodic inspection and test of an existing installation
their duty is to assess the suitability of the existing instaltation for continued use, subject to
any agreed exclusions. They must therefore make sufficient inspection and tests to enable
them to make that assessment. Also the duty of the buildings or site “duty holder” to maintain
their installation so it is safe and to undertake such maintenance so this can be achieved.

Guidance Note 3: Inspection & Testing
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Introduction

514.9

This Guidance Note is concerned principally with Part 6 of BS 7671 — Inspection and
testing.

Neither BS 7671 nor any of the IET's Guidance Notes are design guides. It is essential to
prepare a design and specification prior to commencement or alteration of an electrical
installation.

The documents should set out the design and provide sufficient information to enable
electrically skilled persons and electrically instructed persons (where appropriate) to carry
out the installation and to commission it. The specification must include a description of how
the system is to operate and the design and operational parameters. It must provide for the
commissioning procedures that will be required and for the provision of adequate operation
and maintenance information to the user. This should be by means of an operational manual
or schedule, and 'as fitted' drawings if necessary.

It must be noted that it is a matter of contract as to which person or organisation is responsible
for, in turn, the design, specification, construction and verification of the installation and the
provision of any operational information.

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

The Designer (See the CDM Regulations 2015 for information on designers' duties)
The Installer (Contractor or contractors)

The Verifier

Specialist Commissioning Engineers

The Distributor of Electricity (DNO)

The Installation Owner and/or User

The Architect

The Fire Risk Assessor (a competent person for building inspection for fire risk and safety)
Specialist manufacturers or suppliers

Area Building Control bodies

Any Regulatory Authority

Any Licensing Authority

Any Specialist Insurers

The Health and Safety Executive

Guidance Note 3: Inspection & Testing
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133.1

Sect 511

The revision of the CDM Regulations 2015 has given guidance on the duties required
of a designer, as well as carrying out the actual design layout, calculations and
specifying the materials and installation requirements. “Designers are those, who as
part of a business, prepare or modify designs for a building, product or system relating
to construction work.

When preparing or modifying designs, to eliminate, reduce or control foreseeable risks
that may arise during:

1 construction; and
2 the maintenance and use of a building once it is built.

Provide information to other members of the project team to help them fulfil their
duties."

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

Health and safety of all installation and inspection and testing staff and any other
persons in the premises is vital and a work plan including risk assessments and
method statements must be agreed with all parties and put in place before any work
is undertaken.

The installation operational manual must include a description of how the system as
installed is to operate, maintenance provisions and all test and commissioning records.
The manual should also include manufacturers' technical data for all items of switchgear,
luminaires, accessories, etc. and any special instructions that may be needed. 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,
and guidance on the preparation of technical manuals is given in BS EN 82079-1
Preparation of instructions for use. Structuring, content and presentation. General
principles and detailed requirements and BS 4940 series Technical information on
construction products and services. The size and complexity of the installation will
dictate the nature and extent of the manual.

With regard to the inspection and testing of an existing installation, it is necessary to
agree a detailed specification of the requirements of the client including any limitations.

Guidance Note 3: Inspection & Testing
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1.1 Safety

Before any work can begin a work programme should be agreed with the client and
a Health and Safety plan including risk assessments and method statements agreed
and put in place. It may be that work has to be carried out when the premises is
operating and staff are present so they must not be exposed to any safety risks, work
areas should be fenced off with temporary barriers and electrical equipment not left
unattended when open. Escape routes must be kept open at all times or temporary
alternatives arranged. Where supplies have to be isolated it is necessary that this must
be planned in advance with the premises management.

Electrical inspection and testing inherently involves some degree of hazard. It is
therefore the inspector's duty to ensure their own safety, and that of others, in the
performance of the test procedures. The testing safety procedures detailed in Heatth
and Safety Executive Guidance Note GS38 (fourth edition) 'Electrical test equipment
for use on low voltage electrical systems' should be observed. Where testing does not
require the equipment or part of an installation to be live, it should be made dead and
safely isolated. Guidance on live and dead working can be found in the Health and
Safety Executive publication Fectricity at Work Regulations 1989(HSR25). Guidance
on safe isolation procedures can be found in Best Practice Guide No.2 Guidance on
the management of electrical safety and safe isolation procedures for low voltage
instaffations, published by the Electrical Safety First.

When using test instruments, safety can be achieved by precautions such as:

(a) understanding the equipment to be used, its rating and the characteristics of
the instaflation it is proposed to use the equipment upon;

(b) checking that the instruments to be used conform to the appropriate British
Standard safety specifications. These are BS EN 61010 Safety requirements
for electrical equipment for measurement, control, and laboratory use and
BS 5458:1977 (1993) Specification for safety requirements for indicating and
recording electrical measuring instruments and their accessories. BS 5458 has
been withdrawn, but is the standard to which older instruments should have
been manufactured;

(¢) checking any test equipment before use to see that it is complete and not
demaged: and ; e s

(d) checking that test leads including any probes or clips used are in good order,
are clean and have no cracked or broken insulation. Where appropriate, the
guidance given in GS 38 should be observed for test leads, which recommends
the use of fused test leads aimed primarily at reducing the risks associated with
arcing under fault conditions.

Guidance Note 3: inspection and Testing
© The Institution of Engineering and Technalogy

11




I

12

641.6

641.4

641.3

Particular attention should be paid to the safety aspects associated with any tests
performed with instruments capable of generating a test voltage greater than 50 V, or
which use the supply voltage for the purposes of the test in earth fault loop testing
and residual current device (RCD) testing. Note the warnings given in Section 2.6.16
through to Section 2.6.19 of this Guidance Note.

Electric shock hazards can arise from, for example, capacitive loads such as when
cables become charged in the process of an insulation resistance test, or voltages on
the earthed metalwork whilst conducting a loop test or RCD test. The test limits quoted
in these guidelines are intended to minimise the chances of receiving an electric shock
during tests.

1.2 Required competence

Persons carrying out the inspection and testing of any electrical installation must, as
appropriate to their function, have a sound knowledge and experience relevant to
the nature of the installation being inspected and tested, and of BS 7671 and other
relevant technical standards. (Such persons are generally referred to in this Guidance
Note as 'the inspector' and this may be one or more persons depending on the work
being undertaken.)

Inspectors must also have relevant education and experience to enable them to
perceive risks and avoid dangers that electricity can create, and be fully versed in the
inspection and testing procedures. This can best be shown by the inspector holding a
recognised inspection and testing qualification.

Furthermore, the inspector must employ suitable test equipment during the inspection
and testing process and have sufficient inspection experience in interpreting the results
with respect to the requirements of BS 7671.

It is worth noting that the person responsible for inspection and testing may be
required to formally demonstrate competence by means of registration/certification
under a recognised scheme or membership of a recognised trade body, or for example
as a condition of contract and/or as a requirement of the Local Area Building Control
(LABO).

It is the responsibility of the inspector, as appropriate for either the initial or periodic
inspection and testing, to:

(a) prevent danger to any person or livestock and property damage;

(b) compare the inspection and testing results with the design criteria (where
available), with BS 7671 and/or previous records, as appropriate;

(¢) confirm compliance or non-compliance with BS 7671 that may give rise to
danger; and

(d) take a view and report on the condition of the installation.

In the event of a dangerous situation being found, the inspector should recommend
the immediate isolation of the defective item of equipment. The person ordering the
work should be informed, in writing, of this recommendation without delay.

Guidance Note 3: Inspection and Testing
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653.1

132.16
644.1
641.3

1.3 The client

1.3.1 Certificates and Reports

Following the initial verification of a new installation or changes to an existing installation,
an 'Electrical Installation Certificate!, together with a 'Schedule(s) of inspections' and a
'Schedule(s) of test results', is required to be given to the person ordering the installation
work.

Likewise, following the periodic inspection and testing of an existing installation,
an Electrical Installation Condition Report, together with Schedule(s) of inspection
and Schedule(s) of test results, are required to be given to the person ordering the
inspection.

Sometimes the person ordering the work is not the user of the installation. In such
cases it is necessary for the user (for example, employer or householder) to have
a copy of the certificate (together with the records of inspections and test results).
It is recommended that those providing documentation to the person ordering the
work also recommend that a copy of the forms be passed to the user, including any
purchaser of a domestic property.

Copies of any certificates or reports along with their associated schedules should be
kept in the operating and maintenance documentation for the premises.

1.3.2 Rented domestic and residential accommodation

In England and Wales, the Landlord and Tenant Act 1985, Section 11 Repairing
obligations in short leases sub-section (1)(b) implies that a landlord 'shall keep in
repair and proper working order the installations in the dwelling-house for the supply
of water, gas and electricity".

A similar requirement can be found in the Housing (Scotland) Act 2014, Chapter 4,
Section 13, which states that the electrical installation must be in a reasonable state
of repair in order to comply with the Act. The legislation goes on to state that the
installation must be maintained.

The above Acts do not directly specify periodic inspection and testing of an electrical
installation. Periodic inspection and testing is a means of demonstrating compliance
with the Acts. There are new proposals being considered by the government to require
the electrical inspection and testing of rented properties but these are not yet enacted
into legislation in England and Wales but the inspection and testing of rented properties
is required in Scotland.

Any repairs must be carried out by an electrically skilled person or an electrically
competent person under their supervision. The landlord is responsible for confirming
the competency of any contractors carrying out such work.

There are requirements for houses of multiple occupancy (HMO) and these are
required to be inspected and tested at intervals not exceeding five years, by a skilled
person, competent in such work — see Chapter 3.

1.4 Additions and alterations

Every addition or alteration to an existing installation must comply with the current
edition of BS 7671 and must not impair the safety of the existing installation and the

Guidance Note 3: Inspection and Testing
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132.13
514.9

Chapter 65

Appx 6 - guidance to

14

recipients

relevant inspection and testing requirements of Chapter 64 also apply to additions
and alterations. This applies especially to the replacement of a distribution board
or consumer unit. In order to verify that the addition or alteration to an electrical
installation complies with BS 7671, the relevant parts of an existing installation must
be inspected and tested to confirm the safety of the addition or alteration, including
for example:

(@) circuit ratings;

(b) circuit conductor sizes;

(c) means of earthing;

(d) protective conductor continuity; and
(e) earth fault loop impedance.

Whilst there is no obligation to inspect and test any part of the existing installation
that does not affect and is not affected by the addition or alteration, any departures
or non-compliances observed are required to be noted in the '‘Comments on existing
installation' section of an electrical installation certificates (single-signature or multiple-
signature) or minor electrical installation works certificates.

1.5 Departures and non-compliance

These terms are now frequently used in certificates and reports and are defined in
Part 2 of BS 7671.

Departure — deliberate decision not to comply fully with the requirement of BS 7671
for which the designer must declare that the resultant degree of safety is not less than
that achievable by full compliance.

Non-compliance — a non-conformity that may give rise to danger.

1.6 Record keeping

It is a requirement that the appropriate documentation called for in Regulation 514.9,
Part 6, and (where applicable) Part 7 is provided for every electrical installation.

Records of all checks, inspections and tests, including test results, should be kept
throughout the working life of an electrical installation. This will enable deterioration to
be identified, and could also be used as a management tool to ensure that maintenance
checks are being carried out and to assess their effectiveness.

For non-domestic installations, Regulation 12 of the Construction (Design and
Management) Regulations 2015 requires a record known as 'the health and safety
file' to be prepared, reviewed, updated and revised from time to time to take account
of the work and any changes that have occurred. This should contain any information
relating to the project which is likely to be needed during any subsequent construction
work to provide for the health and safety of persons. The CDM Regulations require that
the health and safety file is passed on to the client on completion of the construction
work.

The CDM Regulations also requires that once the construction work has been
completed the health and safety file remains available for inspection by any person
who might need it to comply with any relevant legal requirements. It also requires
that the file is revised and updated as often as may be appropriate to incorporate any
relevant new information.

Guidance Note 3: Inspection and Testing
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Electrical installation certificates, minor electrical installations works certificates and
electrical installation condition reports {as appropriate) would constitute relevant
information in relation to this requirement.

For domestic installations the NHBC (National House-Building Council) guidance
recommends that ali instructions for services be passed to the building owner.

In both domestic and non-domestic cases there may also be insurance requirements
that imply or specify records.

The Electromagnetic Compatibility Regulations 2016 are statutory and require that the
client keep the information provided by the installer relating to compliance with EMC
criteria for the fife of the installation.

Guidance Note 3: Inspection and Testing 15
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Initial verification

2.1 Purpose of initial verification

Verification is defined in BS 7671 as: "All measures by means of which compliance
of the electrical installation with the relevant requirements of BS 7671 are checked,
comprising inspection, testing and certification.”

641.1 Initial verification is carried out on a new installation before it is put into service. The

642.2 purpose is to confirm by way of inspection and testing, during construction and on

643.1 completion, that the installation complies with the design and construction aspects of
BS 7671, in so far as is reasonably practicable.

Appx 6, It is important to recognise the responsibilities of the signatories for the design,

Intro (v) construction and verification. While the inspector is responsible for verifying aspects of
both design and construction, they cannot, and are not meant to, absolve responsibility
for their work elements from the designer and installer.

642.3  The inspector must have adequate information of the design details to check and
inspect against and BS 7671 provides a format list in Regulation 642.3 of items to be
verified, but this list is not exhaustive. These items are as follows:

(@) Installed electrical equipment is of the correct type and complies with an
applicable British or Harmionized Standard, or a foreign national standard based
on an |EC Standard.

Guidance Note 3: Inspection and Testing 17
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Sect 642

644.1

643.1

Appx 6

(b) The fixed installation is correctly selected and erected, taking into account
manufacturers' instructions.

(c) The fixed installation is not visibly damaged or otherwise defective so as to
impair safety.

(d) The installation is ready and safe to be used.

Inspections

Inspections are an important element of inspection and testing, and are described in
Section 2.5 of this Guidance Note.

Tests
The tests are described in Section 2.6 of this Guidance Note,

Results

The results of inspection and tests are to be recorded as appropriate. The HSE's
guidance on The Electricity at Work Regulations 1989 (HSR25) recommends records
of all maintenance including test results be kept throughout the working life of an
installation — see guidance on EWR Regulation 4(2). This can enable the condition of
equipment and the effectiveness of maintenance to be monitored.

Relevant criteria

The relevant criteria are, for the most part, the requirements of the Regulations for
the particular inspection or test and most criteria are given in Chapters 2 and 3 of this
Guidance Note.

There will be some instances where the designer has specified requirements which
are particular to the installation concerned. For example, the intended impedances
may be different from those in BS 7671. In this case, the inspector should either ask
for the design criteria or forward the test results to the designer for verification with
the intended design. In the absence of such data the inspector should apply the
requirements set out in BS 7671.

Verification

The responsibility for comparing inspection and test results with relevant criteria,
as required by Regulation 641.3, lies with the party responsible for inspecting
and testing the installation. This party, which may be the person carrying out the
inspection and testing, should sign the 'Inspection and testing' section of the Electrical
Installation Certificate or the 'Declaration’ section of the Minor Electrical Installation
Works Certificate. If the person carrying out the inspection and testing has also been
responsible for the design and construction of the installation, he or she must also sign
the design and construction sections of the Electrical Installation Certificate, or make
use of the single- signature Electrical Installation Certificate.

2.2 Certificates

Appendix 6 of BS 7671 contains model forms for the initial certification of a new
installation or for an addition or alteration to an existing installation, as follows:

(a) multiple-signature Electrical Installation Certificate
(b) Minor Electrical Installation Works Certificate.

Guidance Note 3: Inspection and Testing
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Examples of typical forms are given in Chapter 5 of this Guidance Note.

Multiple-signature Electrical Installation Certificate

The multiple-signature certificate allows different persons to sign for design,
construction, inspection and testing, and allows two signatories for design where there
is mutual responsibility. Where designers are responsible for identifiably separate parts
of an installation, the use of separate forms would be appropriate.

Minor Electrical Installation Works Certificate

This certificate is to be used only for minor works that do not include the provision of
a new circuit, such as an additional socket-outlet or lighting point to an existing circuit.

The 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.

2.3 Required information

641.2 BS 7671 requires that the following information shall be made available to the person
or persons carrying out the inspection and testing:

Assessment of general characteristics

311.1 (@) the maximum demand, expressed in amps, kW or kVA (after diversity is taken
into account);
312.1 (b) the number and type of live conductors of the source(s) of energy and of the
circuits used in the installation;
3122 () the type of system earthing used by the installation and any facilities provided
by the distributor for the user;
313.1 (d) the nominal voltage(s) and its characteristics including harmonic distortion;
(e) the nature of the current and supply frequency;
(f) the prospective short-circuit current at the origin of the installation;
(g) the earth fault loop impedance (Ze) of that part of the system extemnal to the
installation; and
(h) the type and rating of the overcurrent protective device(s) acting at the origin
of the installation.

Note: The statutory Electricity Supply, Quality and Continuity Regulations require that these
characteristics should be available from the DNO for all sources of supply from the
public supply network.

Diagrams, charts or tables

514.9.1 The Health and Safety at Work etc. Act 1974 generally requires relevant information
to be available as an aid to safe use, inspection, testing and maintenance. This may
include those items listed in Regulation 514.9.1 as follows:

(@) the type and composition of each circuit, including points of utilisation,
number and size of conductors and type of wiring. This should include the
reference method shown in Appendix 4 Section 7 'Methods of installation' of
BS 7671

21032 (b) the method used for compliance with the requirements for basic and fault
protection and, where appropriate, the conditions required for automatic
disconnection

Guidance Note 3: Inspection and Testing 19
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641.1

(c) the information necessary for the identification of each device performing the
functions of protection, isolation and switching, and its location

(d) any circuit or equipment vulnerable to the electrical tests specified in Part 6 of
BS 7671.

2.4 Frequency of subsequent inspections
Note: The term 'periodic inspection’ implies the inclusion of any necessary tests.

The time intervals between the recommended dates of periodic inspections need
consideration.

The period to the first periodic inspection and test is required to be considered and
recommended by the installation designer and other relevant parties as noted in
Regulations 301.1, and 341.1, as part of the design.

The period to each subsequent periodic inspection should then be considered and
recommended as part of carrying out a periodic inspection and test, by the person
undertaking that particular inspection and test.

It has never been clarified whether the proposed period to a subsequent periodic
inspection should be measured from the time of the previous inspection or from the
time when any identified repairs have been completed (they may never bel). The
inspector must take a view on this and it would perhaps be best to set it from the time
of the previous inspection, especially if there are significant repairs identified or if the
installation is poorly maintained.

An inspector must also use their experience and skill to identify a suitable period
for a subsequent periodic inspection and they must be clear about their reasoning.
Industry guidance is available but can only be general and each installation is different
and can have different factors. Too frequent an inspection will cause unnecessary
costs, but too long a period, especially if the installation is poorly maintained, may
allow significant possible dangers to develop, especially as an installation gets older.
Regulation 652.1 gives some guidance, but the inspector must make a reasonable
and informed decision as they may need to justify it. Some installations such as those
subject to local authority licensing are required to be inspected at set periods.

2.5 Initial inspection

2.5.1 General procedure

Inspection and, where required, testing should be carried out and the results recorded
on suitable schedules progressively throughout the different stages of erection and
before the installation is certified and put into service.

It should be noted that Regulation 641.1 requires inspection and testing to be carried
out during the erection stage of the installation, and this is to allow the review and
inspection of work that may later be covered and inaccessible — but the inspector will
require necessary design information from the designer before any such inspections
during construction or installation.

A model Schedule of Inspections is shown in Chapter 5 of this Guidance Note.
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522.6.201
522.6.203

522.6.202
522.6.203

2.5.2 Comments on individual items to be inspected

BS 7671 provides a list of items considered as a minimum to be inspected but the list
is not exhaustive. The inspector where necessary will inspect and compare the items
against data provided by the designer and installer and identify any non-compliances
or departures but is not for the inspector to decide what installation items are required
or necessary, or identify any repairs or modifications. The list is as follows:

a Connection of conductors
Every connection between conductors and equipment/other conductors should
provide durable electrical continuity and adequate mechanical strength.

It is impractical for an inspector to physically inspect all connections but they should
inspect a representative sample of connection types, especially larger connections
such as on switchgear and busbars. (It is noted that in some cases such as high current
busbar connections specialist resistance test may be required that are outside the
scope of BS 7671).

b Identification of cables and conductors

It should be checked that each core or bare conductor is identified as necessary. The
single colour green must not be used. The bi-colour combination green-and-yellow is
only to be used for protective conductors and single-core green-and-yellow identified
conductors (other than PEN conductors) must not be over marked with another colour
or alphanumeric symbols at terminations.

Again it is impractical for an inspector to physically inspect all identifications, but they
should inspect a representative sample of types, especially on larger conductors such
as to switchgear.

¢ Routing of cables

Cables and their cable management systems should be designed and installed taking
into account the mechanical stresses that users of the installation will make upon the
installation.

A key requiremnent to note is for cables installed in a wall or partition at a depth of less
than 50 mm from the surface. If the cable used does not incorporate an earthed
metallic covering; or, is not installed in an earthed conduit, trunking or duct; or, is not
provided with mechanical protection sufficient to prevent damage being caused by
nails, screws or similar, or is not supplied via SELV or PELY, it will be necessary to
provide additional protection by means of an RCD having a rated residual operating
current not exceeding 30 mA. This is a requirement even where cables are run within
the prescribed cable zones described in Regulation 522.6.202.

Another requirement relates to cables installed in a wall or partition, the construction
of which contains metallic component parts such as studs, frames or skins. Irrespective
of the depth at which the cables have been installed, they are required to be provided
with additional protection by an RCD having a rated residual operating current not
exceeding 30 mA, or be mechanically protected sufficiently to avoid damage to them
during construction of the wall or partition and during the installation of the cables, or
comply with the requirements referred to in the previous paragraph.

Cables should be routed in prescribed zones in walls (as shown below), as identified
in Regulation 522.6.202 (especially in dwellings) to assist in avoiding damage by
penetration by nails and screws etc. It should be noted that the requirements can also
apply to the other side of the wall.

Guidance Note 3: Inspection and Testing
© The Institution of Engineering and Technology

2




2

22

521.10.202

Furthermore, where cables are installed at a depth of 50 mm or less from the surface
of the wall or partition, the requirements mentioned in the previous paragraph also

apply.

It will be far too late at the end of the construction to view and assess any of these
things so it is vital that the inspector continually inspects the installation work during
construction.

Cables routed in buildings must be fixed such that they cannot come away from
their supports during fires and collapse to block escape routes or entangle firefighters
searching the building in smoke filled conditions. Sadly such entanglements have led
to fatalities in the past that could have been avoided with some forethought. Not all
escape routes in a building are defined and signed — in open plan office areas there
can be several possible routes away from a desk or meeting room across an open
office area to an escape stair (see BS 9999) and all such routes should be kept clear
from possible entanglement. An escape route is defined in the Wiring Regulations as
being, “a path to follow for access to a safe area in the event of an emergency”. The
requirement for surface run wiring systems not to be subject to premature collapse in
the event of a fire applies to all areas not just designated escape routes.

It is not difficult to look at a proposed installation and consider the possibilities of
cables coming away from their fixings — have only plastic ties been used, is cable
tray metal or plastic, is the tray upside down etc? If the cable supports are metal and
the cables lay in or are cleated to them with metal fixings then the cable cannot go
anywhere. Even if it is fixed with plastic ties or clips and could drop it may only require
an occasional metal or fire resistant fixing to restrain it.

In larger industrial or commercial installations cable ladder or tray and other services
may be suspended together from concrete structural elements by steel wires or “drop
rods” screwed into the concrete. The inspector cannot physically assess the sitability
or the loading of such fixings but may look at the design data provided to see that what
is installed was as the design.

Where cables run around or down walls — say to a socket-outlet — and are contained in
small section plastic trunking the cables should be fixed inside the trunking if it would
be possible for the trunking to deform in heat and the lid come off thus releasing the
cables.
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553.2.2

559.5.1.204

559.5.1.205

Sect 527

The inspector must also assess any fire protection repairs and fire stopping where
cables have been installed through a fire rated building structural element or wall.

d  Selection of conductors

The specification of cables used — BS type and designation, temperature ratings,
selection for environmental conditions, conductor category and material, certification
to and compliance with required Construction Product Regulations requirements etc.
must be checked based on the data supplied by the designer and installer.

BS 8519 requires cables for both primary and secondary supplies to safety services to
be fire resistant and to follow diverse routes through the building.

The cross-sectional area of conductors should be assessed against the overcurrent
protective arrangement and the requirements for limitation of voltage drop, based
upon information provided by the installation designer (where available) such as a
cable schedule or schematic diagram.

Reference should be made, as appropriate, to Appendix 4 of BS 7671.

e Verification of polarity — single-pole device in a TN or TT system
It must be verified that single-pole devices for protection or switching are installed in
line conductors only, and that ES lampholders are correctly connected.

f  Accessories and equipment
Correct connection (suitability, polarity, environmental, etc.) must be checked.

Table 55.1 of BS 7671 sets out the three different types of plug and socket-outlet
recognised, their ratings, and their associated British Standards.

Particular attention should be paid to the requirements for cable couplers to ensure
that the connector (female part) of the couplers is fitted at the end remote from the

supply.

Bayonet lampholders BI5 and B22 should comply with BS EN 61184 and have a
temperature rating T2, as described in that standard. ES lampholders should have the
live of the supply connected to their centre contact. Lighting circuits incorporating B15,
B22, E14, E27 or E40 lampholders are only to be used in a lighting circuit rated up to
16 A.

g Selection and erection to minimize the spread of fire

Fire barriers, suitable seals and/or protection against thermal effects should be provided
if necessary to meet the requirements of BS 7671. These are good examples of itermns
which can and should be inspected during the erection stage.

Each sealing arrangement built around services penetrations through a fire rated
building element should be labelled by the specialist installer to state its fire rating and
inspected to verify that it conforms to the manufacturer's erection instructions and
required rating. It is essential, therefore, that inspection should be carried out at the
appropriate stage of the work, and that this is recorded at the time for incorporation in
the inspection and test documents.

A wiring system such as conduit, trunking or ducting that penetrates a building element
that has a specified fire rating is to be sealed both internally and externally to the
degree of fire resistance of the external element. Fire barrier requirements are detailed
in Regulations 527.2.2 and 527.2.3.
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412

413

Sect 414

417.1

417.2

Products classified as ‘non-flame propagating’ in accordance with BS EN 61386-1 or
BS EN 50085 are liable to catch fire as a result of an applied flame, but in which the
flame does not propagate, and which extinguishes itself within a limited time after
the flame is removed. The test to classify products as 'non-flame propagating’ is a
self-extinguishing test, it is not a fire resistance test. The product cannot be assumed
to protect the cable inside it from the effects of a fire. The cable should have its own
fire/smoke classification. Both metallic and non-metallic products can be classed as
‘non-flame propagating’.

h  Measures of protection against electric shock
The following three tables list the various measures of protection against electric shock
given in BS 7671. The measures are discussed in more detail later in this section.

The tables divide up the measures into those that are generally permitted, those that
are for use only where access is restricted to skilled or instructed persons, and those
that are for use only where the installation is controlled or supervised by skilled or
instructed persons. The tables also list the provisions for basic protection and fault
protection that make up the protective measures.

Additional protection may also be specified as part of a protective measure under
certain conditions of external influence and in certain of the special installations or

locations. See later in this section.

V Protective measures generally permitted

Protective measure Protective provisions
Basic protection by Fault protection by
Automatic disconnection | Basic insulation of live Protective earthing, protective
of supply parts and/or barriers or | equipotential bonding and
enclosures automatic disconnection in

case of a fault

or Class Il equipment

Double or reinforced Basic insulation Supplementary insulation

insulation or Reinforced insulation

Electrical separation for Basic insulation of live Simple separation from other
the supply of one item of | parts and/or barriers or | circuits and from Earth
current-using equipment | enclosures

Extra-low voltage provided | Limitation of voltage, protective separation and basic
by SELV or PELV insulation

V' Protective measures for use only where access is controlled or supervised by skilled

persons
Protective measure Protective provisions
Basic protection by Fault protection by
Obstacles Obstacles None
Placing out of reach Placing out of reach None
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542.3
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¥ Protective measures for use only where the installation is controlled or under the
supervision of skilled or instructed persons

Protective measure

Protective provisions

Basic protection by

Fault protection by

Non-conducting location®

Basic insulation of live
parts and/or barriers or
enclosures

No protective conductor,
insulating floor and
walls, spacing/obstacles
between exposed-
conductive-parts and
extraneous-conductive-
parts

Earth-free local
equipotential bonding®

Basic insulation of live
parts and/or barriers or
enclosures

Protective bonding,
notices, etc.

Electrical separation for
the supply of more than
one item of current-using
equipment

Basic insulation of live
parts and/or barriers or
enclosures

Simple separation from
other circuits and Earth,
to non-earthed protective
bonding, efc.

Notes: (1) Not recognised for general application.
(2) To be used only in special circumstances.

(i)  Protective provision of basic protection by insulation of live
parts and/or barriers or enclosures

This protective provision forms part of a number of different protective measures, as
shown in the previous tables.

The inspection of this protective provision is to check that insulation has not been
damaged during installation and that barriers and enclosures have been selected and
installed to provide at least a degree of protection of IPXXB or IP2X and, for a horizontal
top surface that is readily accessible, at least IPXXD or IP4X, and are not damaged
(Insulation resistance is of course a fundamental test to be carried out — section 2.6).

(ii)  Protective measures generally permitted

Automatic disconnection of supply

The provision for basic protection in this protective measure is basic insulation of live
parts and/or barriers or enclosures, the inspection of which is discussed earlier in this
section.

The provision for fault protection is protective earthing, protective bonding and
automatic disconnection in case of a fault. Although a significant main part of
verification is measurement of earth fault loop impedance for each circuit in order to
confirm disconnection times, there are inspection aspects to be dealt with for verifying
fault protection, as follows.

Presence of appropriate protective conductors:

(a) earthing conductor
(b) circuit protective conductors
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411.5 (TN)
411.5 (TT)
411.5 (TT)

412.1.1

413.1.3

413.1.1

Sect 414
414.1.1
414.3
414.1.1
414.1.1
414.1.1

(¢) protective bonding conductors

(d) main bonding conductors. Regulation 411.3.1.2 allows that metallic pipes
entering the building having an insulating section at their point of entry need
not be connected to the protective equipotential bonding but there is no
detail in BS 7671 as to what constitutes an “insulation section” or how this
is to be installed. The inspector can only inspect and confirm that what has
been specified by the installer is actually present. This should be noted on the
installation inspection schedule.

(e) supplementary bonding conductors (where required).

The type of system earthing must be stated by the designer, for example:

(@) TN-CS system (usually with protective multiple earthing (PME))

(b) TN-S system

(€) TT system (earth electrode(s) used as the means of earthing for the
installation)

The earth fault loop impedance must be appropriate for the protective device, i.e. RCD
or overcurrent device and within the values given in the tables in Chapter 41.

Double or reinforced insulation

For double insulation, basic protection is provided by basic insulation, and fault
protection is provided by supplementary insulation.

For reinforced insulation, both basic protection and fault protection are provided by
a single application of reinforced insulation between live parts and accessible parts.

Where double or reinforced insulation is to be employed as the sole protective measure,
it is important to confirm that the installation or circuit so protected will remain under
effective supervision to prevent any unauthorised change(s) being made that could
impair the effectiveness of the measure.

Electrical separation for the supply of one item of current-using equipment

Electrical separation is a protective measure where basic protection is provided by
basic insulation of live parts and/or by barriers and enclosures, in accordance with
Section 416, and fault protection is provided by simple separation of the separated
circuit from other circuits and from Earth.

Extra-low voltage provided by SELV or PELV
For SELV and PELV, requirements include;

(a) the nominal voltage must not exceed 50 V AC or 120 V DC;

(b) an isolated source, for example, a safety isolating transformer to BS EN 61558-
2-6 or BS EN 61558-2-8;

(c) protective separation from all non SELV or PELV circuits;

(d) for SELV, basic insulation between the SELV system and Earth; and

(e) SELV exposed-conductive-parts must have no connection with earth, exposed-
conductive-parts or protective conductors of other systems.
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410.3.5

Sect 729

418.1.1

418.1.2

418.1.3

(iii) Protective measures for use only where access is controlled or
supervised by skilled persons

Obstacles

Protection by obstacles provides basic protection only, not fault protection. It protects
against unintentional contact with live parts.

Where this measure is used, the area must be accessible only to skilled persons or to
instructed persons under their supervision.

The measure is not to be used in some installations and locations of increased shock
risk. See Part 7 of BS 7671.

Placing out of reach

Placing out of reach also provides basic protection only. The distances referred to in
Regulations 417.3.1 and 417.3.2 should be increased where long or bulky conducting
objects are likely to be handled in the vicinity, taking account of the dimensions of
those objects.

Bare live parts are only permitted in areas where access is controlled or supervised
by skilled persons. The dimensions of passageways should be checked against the
information given in Appendix 3 of the HSE's guidance on The Electricity at Work
Regulations 1989 (HSR25) (see BS 7671 section 729).

Section 729 — Operating and maintenance gangways covers situations where open
switchgear or busbars are permitted and where access is restricted to skilled or
instructed persons. Inspection for verification in areas covered by Section 729 requires
careful checking, including the measurement of separation distances, for example
those associated with ‘arm'’s reach’, as per Figure 417 of BS 7671; these must be
confirmed with the installation isolated. However it must be noted that the Electricity
at Work regulations take precedence in all cases and their requirements for accessible
live conductors must be followed in ALL cases.

(iv) Protective measures for use only where the installation is
controlled or under the supervision of skilled or instructed
persons

Non-conducting location

Where this protective measure is employed, such as in an electronic equipment test
area, it must be verified (amongst other things) that all installed electrical equipment
meets the requirements of Section 416 with regard to provisions for basic protection.

Further, the exposed-conductive-parts of the installation should be so arranged that
it is not possible for persons to make simultaneous contact with either two exposed-
conductive-parts, or an exposed-conductive-part and any extraneous-conductive-part
under normal operating conditions, if these parts are liable to be at different potentials
as a result of failure of the basic insulation of a live part.

The inspector should confirm the achievement of this and check that within the location
there are no protective conductors (see also the specific test for this method in 2.6.12).
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Sect 413

418.3.5

418.3.6

418.3.7

418.3.8

Earth-free local equipotential bonding

The use of this protective measure is intended to prevent the appearance of a
dangerous touch voltage under fault conditions. In some cases this protective measure
is combined with the protective measure of electrical separation.

Where protection by earth-free local equipotential bonding is employed, it must be
verified (amongst other things) that all installed electrical equipment should meet the
requirements of Section 416 with regard to provisions for basic protection.

All simultaneously accessible exposed-conductive-parts and extraneous-conductive-
parts should be interconnected by local protective bonding conductors.

Measures must be taken to ensure that the local protective bonding conductors are not
connected to Earth either directly or unintentionally via the exposed- and extraneous-
conductive-parts to which they are connected.

A warning notice complying with Regulation 514.13.2 must be fixed in a prominent
position adjacent to every point of access to the location concerned.

The inspection, supplemented with tests, should verify that no item is earthed within
the area and that no earthed services or conductors enter or traverse the area, including
the floor and ceiling. Inspection should confirm whether or not this has been achieved.

Electrical separation for the supply to more than one item of current-using equipment

If it is intended to supply more than one item of current-using equipment using
electrical separation, it will be necessary to meet the requirements of Regulation 418.3.
This is in addition to meeting the requirements of Section 413, some of which are
referred to earlier in this section of this Guidance Note in relation to the use of electrical
separation for the supply of one item of current-using equipment.

The separated circuit should be protected from damage and insulation failure.

Any exposed-conductive-parts of the separated circuit should be connected together by
insulated, non-earthed protective bonding conductors, which should not be connected
to the protective conductor or exposed-conductive-parts of any other circuit or to any
extraneous-conductive-parts.

Socket-outlets should have a protective conductor contact, which is connected to the
protective bonding system described above.

All flexible cables should contain a protective conductor for use as a protective bonding
conductor, except where such a cable supplies only items of equipment having double
or reinforced insulation.

If two faults affecting two exposed-conductive-parts occur and where conductors
of different polarity feed these, a protective device should disconnect the supply in
accordance with the disconnection time given in Table 41.1.

The product of the nominal voltage (volts) and length (meters) of the wiring system
should not exceed 100,000 Vm and the length of the wiring system should not exceed
500 m.
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(v)  Additional protection
Additional protection by one or more RCDs

It should be confirmed that an RCD selected to provide additional protection has a
rated residual operating current (IAn) not exceeding 30 mA and complies with relevant
standards.

Generally all socket-outlets up to and including 32 A rating should be provided with
additional protection by a 30 mA RCD, but BS 7671 allows this to be omitted in non-
domestic installations where a written risk assessment shows that such additional
protection does not present a danger. It is not for the inspector to consider or approve
the risk assessment, but the inspector should see the assessment to prove that it
exists so the requirement of the regulation is fulfilled. The assessment should also be
attached to the Electrical Installation or Minor Electrical Installation Works Certificate
for future reference.

It should also be confirmed that appropriate protective measures in accordance with
Sections 411 to 414 are in place, as an RCD must not be used as the sole means of
protection against electric shock.

Additional protection by supplementary protective equipotential bonding

Where supplementary bonding is provided it should encompass all simultaneously
accessible exposed-conductive-parts of fixed equipment, extraneous-conductive-parts
and the protective conductors of all equipment in the location where this protective
measure is being applied.

The effectiveness of supplementary equipotential bonding as provided may be verified
where the resistance between simultaneously accessible exposed-conductive-parts
and extraneous-conductive-parts fulfil the applicable one of the following condition.

o for AC systems, R < 50 V/l3
o+ for DC systems, R < 120 V/I5

where 1, is the operating current of the protective device in amps; for overcurrent
devices, this is the 5 second operating current, and for RCDs, IAn.

i Prevention of mutual detrimental influence

Regulations 132.11 and 515.1 require electrical equipment to be so selected and
erected so that there will be no harmful influence (such as electromagnetic interference
or heat) between the electrical installation and other electrical and non-electrical
installations. The inspector is advised to give careful thought to this whilst carrying out
the inspection.

This however does not include the detrimental influence of other systems onto the
electrical installation, such as water leaks or splashing, which are covered by the
requirements of Regulation 132.5.1.

j Isolating and switching devices

BS EN 60947-1 Low voltage switchgear and controlgear. General rules defines standard
utilisation categories which allow for conditions of service use and the switching duty
to be expected.
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Table 537.4

All switch utilisation categories must be appropriate for the nature of the load — see
Table 2.1. It would be part of the design to specify the appropriate type of device.

Guidance Note 2: Isolation & Switching provides more comprehensive guidance on
this subject and should be consulted and its contents taken into account.

¥V Table 2.1 Examples of utilisation categories for alternating current installations

Utilisation category

Frequent operation

AC20a AC20b Connecting and  disconnecting
under no-load conditions

Infrequent operation Typical'applications

Inc

AC22a AC22b Switching of mixed resistive
and inductive loads, including
moderate overloads

It switchgear to BS EN 60947-1 is suitable for isolation it will be marked with the
symbol:

N

This may be endorsed with a symbol advising of function, for example, for a switch
disconnector:

S

Guidance on the suitability or otherwise of protective, isolation and switching devices
to be employed for one or more of the functions of isolation, emergency switching and
functional switching is given in Table 537.4 in BS 7671 and Guidance Note 2.

The inspector should carry out an isolation review to check that effective isolation
can be achieved, but it is not the inspector's responsibility to resolve any apparent
shortcomings or problems with the isolation and switching design. This review could
include, where appropriate, locking-off and inspection or testing to verify that the circuit
is dead and no other source of supply is present. It should also be identified by the
designer where it may be necessary to isolate the neutral conductor.

Note (5) to Table 537.4 in BS 7671 points out that circuit-breakers and RCDs are not
intended for frequent load switching or functional switching unless they are approved
by the device manufacturer for this duty. The note gives further guidance relating to
this and the inspector is at liberty to make a comment on this use if it is inappropriate.

BS 7671 does not allow a switching or isolating device to be placed in the earth or
protective conductor other than a plug and socket-outlet.
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Chap 43

Sect 443

Sect 514
514.8.1

514.9.1

512.2

Sect 522

132.12

Sect 513

Sect 514

514.10

k  Presence of undervoltage protective devices

Suitable precautions should be in place where a reduction in voltage, or loss and
subsequent restoration of voltage, could cause danger. Normally such a requirement
concerns only motor circuits. If precautions are required they will have been specified
by the designer; however, the devices used must be confirmed as matching the
equipment specification and the relevant regulations in Section 445.

|  Protective and monitoring devices
Some protective devices have user or on-site configurable settings and the inspector
needs to confirm that the installer has correctly set up such protective devices.

Arc Fault Detection Devices (AFDDs) have been introduced in the 18th edition of
BS 7671 and they are designed to provide protection by monitoring the change of
current flow in a final circuit due to a possible cable conductor fault that could cause an
arc and possible fire. Their use is recommended in BS 7671 but it is for the designer
to decide on their use and the inspector cannot comment if they are not installed.
Some makes of AFDDs have a test button (like an RCD) and this should be pressed
at commissioning to prove operation, but if there is no test button an operational
commissioning test cannot be carried out.

Note: BEAMA have published a free guide to AFDDs that is available to download.

The guidance for the application of surge protection devices (SPDs) has been revised
and expanded in the 18th Edition of BS 7671, providing for protection against switching
surges and surges of atmospheric origin (lightning strikes). This is a complex area
which will be designed and usually installed by specialist suppliers. The inspector
can only review what is installed against the scheme documentation provided by the
specialist suppliers, and review their test and commissioning documentation.

m Labelling of protective devices, switches and terminals

Each protective device must be arranged and identified so that the circuit protected
can be easily identified, and a diagram or chart indicating the function of each circuit
and size of conductors is required; the inspector should have this key document in
order to carry out much of his or her inspection and testing.

n Selection of equipment and protective measures appropriate to
external influences

Equipment must be selected with regard to its suitability for the environment — ambient

temperature, heat, water, foreign bodies, corrosion, impact, vibration, flora, fauna,

radiation, building use and structure. A careful inspection is necessary to confirm the

suitability of each item of equipment.

o Adequacy of access to switchgear and equipment

Every piece of equipment that requires operation or attention by a person must be
s0 installed that adequate and safe means of access (related to the amount of its
use) and sufficient working space are afforded; the inspector should check that these
requirements are met.

p Presence of danger signs and other warning signs
Suitable warning signs, suitably located, are required to be installed to give warning of:

Voltage
» Where a nominal voltage exceeding 230 V to earth exists within an item of
equipment or enclosure and where the presence of such a voltage would not
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514.13.1
514.13.1

514.13.2

514.14.1

514.9.1

normally be expected. Voltages exceeding 230 V to earth require warning labels.
An example would be the use of a 690 V three-phase AC power transformer used
on an American air base located in the UK.

Isolation

> Where live parts are not capable of being isolated by a single device. The location
of disconnectors should also be indicated except where there is no possibility of
confusion.

Periodic inspection and testing
> The wording of the notice is given in Regulation 514.12.1.

RCDs
> The wording of the notice is given in Regulation 514.12.2.

AFDDs

> Where AFDDs are installed, those provided with a trip test button (as RCDs) should
be tested every six months by pressing the button and a notice to this effect
should be provided. A text similar to the RCD notice can be used.

Earthing and bonding connections

> The requirements for the label and its wording are given in Regulation 514.13.1.

» Thewording of the notice required where protection by earth-free local equipotential
bonding (Regulation 418.2.5 refers) or by electrical separation for the supply to
more than one item of equipment (Regulation 418.3 refers) is given in Regulation
514.13.2.

Non-standard colours

» For installations containing both pre-BS 7671:2001 (2004) (pre-harmonized
colours) cable colours as well as cable colours to BS 7671:2008 and later editions
(harmonized colours) an appropriate warning notice must be present at or near
the relevant distribution board. The wording of the notice is given in Regulation
514.14.1.

Alternative supplies

P For installations with alternative or additional voltage sources, a 'multiple-supplies'
warning notice is required at mains positions, points of isolation, distribution boards
and at any remote metering. The wording of the notice is given in Regulation
514.15.1.

High protective conductor current

> For circuits with a high protective conductor current, information must be provided
at the relevant distribution board indicating these circuits, as required by Regulation
543.7.1.205.

Presence of diagrams, instructions and similar information

> The presence of diagrams, charts or tables, or an equivalent form of information
for the work being inspected should be verified. The form of information should
be legible and durable, and should indicate all of the following:

(a) The type and composition of each circuit (which includes the points of
utilisation served, number and size of conductors, and the type of wiring).
(b)The method used for compliance with Regulation 410.3.2 (that is, the

protective measures used for basic and fault protection).
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(c) The information necessary for the identification of each device performing
the functions of protection, isolation and switching, and its location.

(d)Any circuit or equipment that is vulnerable to the electrical tests as required
by Part 6.

For a simple installation, such as a dwelling or similar, the forgoing information can
be given in the form of schedule, so an additional copy of the Schedule of circuit
details' provided within or adjacent to each distribution board is likely to meet this
requirement.

A complex installation would obviously require more comprehensive information
in the form of record or “as built” drawings and operation and maintenance
documents.

q Erection methods

Chapter 52 contains detailed requirements on selection and erection. Fixings of
switchgear, cables, conduit, fittings, etc. must be adequate for the environment and a
detailed visual inspection is required during the erection stages as well as at completion.

Regulation 521.10.201 requires that cables are to be supported so they will not collapse
and come away from their fixings in the event of a fire and impede the escape of
persons from buildings. This can usually be achieved by installing a metal cable fixing
at reasonable intervals.

2.5.3 Inspection checklist

Listed below are requirements to be checked when carrying out an installation
inspection. The list is not exhaustive. The inspector can only check against the design
and installation data provided by the designer and installer and report any non-
compliances noted, but cannot make any requirements.

General

(a) Equipment complies with a product standard or equivalent (511.1)

(b) Equipment is installed using good workmanship (134.1.1)

(€) Equipment is accessible for operation, inspection and maintenance (513.1)

(d) Equipment is suitable for local atmosphere and ambient temperature (512.2).
For installations in potentially explosive atmospheres, the requirements of
BS 7671 are supplemented by the requirements or recommendations of other
British or Harmonized Standards or by those of the person ordering the work
(110.1.3)

(e) Final circuits are separate, including the neutral conductors (314.4)

(f) Protective devices identified to indicate the circuits they protect (514.8.1)

() Protective devices adequate for intended purpose, including AFDDs and SPDs
where installed (Ch. 53)

(h) Disconnection times for protection against electric shock likely to be met by
installed protective devices (Ch. 41)

(i) All circuits identified (514.1, 514.8, 514.9)

(j) Main switch provided (462.1.201)

(k) Supplies to any safety services correctly installed, for example, fire alarms to BS
5839 and emergency lighting to BS 5266 (Ch. 56). This does not include any
inspection of the safety systems which should be inspected and maintained by
specialists.

() Auxiliary circuits are installed (557)

(m) Means of isolation labelled (514.1, 537.2.7)

(n) Provision for disconnecting the neutral (Ch 46; 537.2.8)
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(0) Main switches to single-phase installations, intended for use by an ordinary
person, for example, domestic, shop, office premises, to be double-pole
(462.1.201)

(p) RCDs provided where required (411.3.3, 411.4, 411.5, 415.1, 422.3.9, 522.6.201,
5226.202, 5321, 701.411.3.3, 70253, 702551, 702554, 703.411.3.3,
704.410.3.10, 704.411.3.2.1, 705.411.1, 705.422.7, 706.410.3.10, 708.553.1.13,
708.555.1.14, 709.531.2, 7104113, 710.531.3.2, 71141034, 711.411.3.3,
J12411.3.20.2, T14.411.3.3, 7174110, 717.411.6.2, 717413, 717.415.1, 721.415.],
722.531.2.10%, 740.410.3, 740.415.1, 753.411.3.2, 753.415.1)

(q) Selectivity between RCDs considered to avoid danger (314.1, 314.2, 531.3)

(r) Main earthing terminal provided (542.4.1), readily accessible and identified
where separate from switchgear (514.13.1)

(s} Provision for disconnecting earthing conductor (542.4.2)

(t) Cables used comply with British or Harmonized Standards and Construction
Products Regulations (Appendix 4 of BS 7671)

(u) Earth taif pots installed where required on mineral insulated cables (543.2.7)

{v) Non-conductive finishes on enclosures removed where necessary to ensure
good electrical connection and, if necessary, made good after connecting
(526.1)

(w) Adequately rated distribution boards (to the relevant parts of BS EN 60439 or
BS EN 61439 (may require derating, see GN 6)

(x) Correct fuses or circuit-breakers instalied (Sect 531, Sect 533)

{y) All connections secure (134.1)

(z) Protection provided against voltage disturbances, including overvoltages, where
required (Ch. 44)

(aa) Measures taken against electromagnetic disturbances where required (Ch. 44)

(ab) Overcurrent protection provided where applicable (Ch. 43)

(ac) Suitable proximity (separation or segregation) of circuits (528)

(ad) Labet notice for first periodic inspection and test provided (514.12.1)

(ae) Sealing of the wiring system, including fire barriers (527.2)

(af) Cables and wiring systems installed and supported such that they will not be
liable to premature collapse in the event of a fire (521.10.202)

(ag) Suitable degree of protection ('IP Code") appropriate to external influences
when installed in accordance with manufacturer's instructions (522.3.3,
559.3.1).

Switchgear

(a) Meets requirements of BS EN 61008, BS EN 61009, BS EN 60947-2, BS EN
60898, relevant parts of or BS EN 61439 where applicable, or equivalent
standards {Sect 511)

(b) Securely fixed (134.1.1) and suitably labelled (514.1)

() Switchgear assemblies, including consumer units, are complete with, or
additionally housed in, fire protecting enclosures (421.1.201).

(d) Non-conductive finishes on switchgear removed at protective conductor
connections and if necessary made good after connecting (526.1)

(e) Suitable cable glands and gland plates used (526 ])

{f) Correctly earthed (Ch. 54) _ _

(g} Environmental conditions likely to be encountered taken account of, i.e. suitable
for the foreseen environment (512.2)

(h) Suitable as means of isolation as design, where applicable (Ch 46, 537.2)

(i) Need for isolation, mechanical maintenance, emergency and functional
switching met where required by design (Ch 46, 537)

(j) Firefighter's switch provided where required and labelled for identification and
operation (537.4)
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(k) All connections secure (526)

(I) Cables correctly terminated and identified (514, 526)

(m) No sharp edges on cable entries, screw heads, etc., which could cause damage
to cables (134.1.1, 522.8.11)

(n) Adequate access, lighting and working space (132.12 and 513.1).

General wiring accessories

(a) Complies with appropriate standards, for example, BS 5733 (general
accessories) or BS IN 60670-22 (junction boxes) (511.1)

(b) Box or other enclosure securely fixed (134.1.7)

{¢) Metat box or other enclosure earthed where required (Ch. 54)

(d) No sharp edges on cable entries, screw heads, etc. which could cause damage
to cables (134.1.1, 522.8.11)

(€) Non-sheathed cables, and cores of cable from which sheath has been removed
not exposed outside the enclosure (526.8)

(f) Conductors correctly identified (514.3)

(g) Bare protective conductors having a cross-sectional area of 6 mm? or less to be
sleeved green-and-yellow (514.4.2, 543.3.201)

{h) Terminals tight and containing all strands of the conductors (526)

(i) Cable grip corectly used or dlips fitted to cables to prevent strain on the
terminals (522.8.5, 526.6)

(j) Adequate current rating (512.1.2).

Note: Reference should also be made to the recommendations contained in Approved
Document M (England and Wales) and the Scottish Building Standards with regard to
the heights at which socket-outlets, switches and other controls should be installed
in order to afford compliance with Building Regulations. See also the IET publication
Electrician's Guide to the Building Regulations.

Lighting controls

(@) Light switches comply with BS 3676 or BS EN 60669-1 (511.1)

(b) Selected for externai influences (512.2)

(©) Single-pole switches connected in line conductors only (132.14.1}

(d) Correct colour coding or marking of conductors (514.3)

(e} Earthing of exposed metalwork, for example, metal switch plate (Ch. 54)

(f) Adequate current rating allowing for any capacitive or inductive effects as given
in the design cable ratings (512.1.2)

(g) Device that simultaneously disconnects all five conductors is provided where a
group of luminaires is divided between three line conductors of a circuit with
only one common neutral (559.5.5)

{(h) Switch labelled 1o indicate purpose, where this is not obvious (514.1.1)

(i) Appropriate cantrols suitable for the uminaires (559.5.1.206)

(j) Standard wall accessory/switches installed beyond zone 2 in a location
containing a bath or shower (701.512.3)

Lighting points

(a) Lights connected via a recognised accessory (559.5.1), batten fampholders or
pendent sets being in compliance with BS EN 60598

(b) Ceiling rose complies with BS 67 (559.5.1)

(©) Luminaire supporting couplers comply with BS 6372 or BS 7001 (559.5.1)

(d) Installation couplers comply with BS EN 61535 (559.5.1)

(e) Recognised connecting device used for luminaires that do not provide a device
for connection of the supply (559.5.4)

(f) Track systems comply with BS EN 60570 (559.3.4 and 715.521.1)
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(g) Systems for ELV lighting comply with BS EN 60598-2-23 (715.521.1}

(h) Bare conductors of ELV lighting installations comply with all requirements of
Regulation 715.521.106 (715.521.1)

(i) Not more than one flex unless designed for multiple pendants (559.5.1.202)

() Flex support devices used and suitable for the mass suspended (559.5.2)

(k) Switch-lines identified (514.3.2 and Appendix 7 of BS 7671). For two-core
switch wires, blue conductors are over marked with brown or L at terminations;
for three-, four- or five-core cables, all non-brown line conductors of switch and
intermediate strappers are over marked at terminations with brown or L

(I) Penetrations in fire-rated ceiling made good (527.2.1)

() Ceiling roses and similar not used for circuits having supply exceeding 250 V
(559.5.1.201),

(n) Protection from UV radiation (if any) is provided to external wiring within or
passing through a luminaire (559.5.6).

Socket-outlets

(a) Comply with BS 546, BS 1363-2 or BS EN 603092 (553.1.3) and shuttered for
household and similar installations (553.1.201)

(b) Where used for electric vehicle charging, socket-outlets complying with
BS 1363-2 are of a type approved by the socket-outlet manufacturer for such
use (722.55.101.0.201.1)

{€) Mounting height above the floor or working surface suitable (553.1.6) (Also
complies with Building Regulations Part M and Scottish equivalent where
relevant ~ see note on previous page.)

(d) Correct polarity (643.6)

(e) If in a location containing a bath or shower, installed at least 3 m horizontally
from the bath or shower unless shaver supply unit or SELV (701.512.3)

(f) Suitably protected against the expected external influences where mounted in a
floor (512.2)

(g) Not used to supply a water heater having uninsulated elements (543.3.1)

(h) Where metal conduit (including the accessory box) or earthed cable sheath
or similar used as a protective conductor, presence of an earth tail between
accessory box and socket-outlet terminal (543.2.7)

(i) Additional requirement provided by 30 mA RCD or risk assessment provided for
specific non-domestic socket-outlets (411.3.3)

(j) Socket-outlets with integral USB socket provision comply with BS 1363-2:2016.

Junction boxes, joint box and terminations

(a) All cable joints and terminations installed so that they are accessible for future
inspection {except soldered, encapsulated, etc. joints or marked maintenance-
free accessory; see 526.3)

(b) Enclosures of terminals provide suitable protection against mechanical damage
(526.7).

Fused connection unit
(a) Correct rating and fuse (533.1)
(b) Complies with BS 1363-4 (Table 537.4, 559.5.1 vii).

Cooker control unit

(a) Sited to one side and low enough for accessibility and to prevent flexes trailing
across radiant plates (522.2.1)

(b) Cable to cooker fixed to prevent strain on connections (522.8.5).
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Conduit systems

General

(a) Securely fixed, box fids in place and adequately protected against mechanical
damage (522.8)

(b) Draw points are accessible (522.8.6)

(¢) Recommended quantity of cables for easy draw not exceeded during
installation, to avoid causing insulation damage; adequate boxes suitably
spaced. Item should be inspected during the erection stage as the care and
workmanship of the installer can be verified (522.8.1 and see On-Sife Guide
Appendix E)

(d) Solid elbows and tees used only as appropriate (522.8.1)

(e) Unused entries blanked off where necessary (416.2 and 522)

(f) Conduit system components comply with a relevant British Standard depending
on performance requirermnents (511.1)

(g) Provided with drainage holes and gaskets as necessary (522.3.2)

(h) Radius of bends such that cables are not damaged (522.8.3).

Rigid metal conduit

() Complies with BS EN 61386-21 (521.6)

(b) Connected to the main earthing terminal (411.4.2, 411.5.1)

(¢) Line, neutral and any additional protective conductors are contained in the
same conduit (521.5.1)

(d) Conduit suitable for wet, damp or corrosive situations (522.3, 522.5)

(e} Fixed appropriately (522.8 and see Guidance Note 1 Appendix G)

(f) Unpainted ends and scratches, etc. protected by painting (134.1.1, 522.5)

(g) Ends of conduit reamed and bushed where relevant (134.1.1, 522.8).

Rigid non-metallic conduit

(@) Complies with BS 4607, BS EN 60423 or the BS EN 61386 series (521.6)

(b) Ambient and working temperatures within permitted limits (522.1, 522.2)

(¢) Provision made to allow for expansion and contraction (522.15.1)

(d) Boxes and fixings suitable for mass of luminaire suspended at expected
temperature (559.5.2).

(e) Conduit to be 'non flame propogating' type (521.6).

Flexible metal conduit

(a) Complies with BS EN 61386 series (521.6)

(b} Separate protective conductor provided (543.2.3)

(c) Adequately supported and terminated (522.8)

(d) Line, neutral and any additional protective conductors are contained in the
same conduit (521.5.1).

Trunking

General

(@) Complies with BS 4678 or BS EN 50085-1 (521.6)

(b) Securely fixed and adequately protected against mechanical damage (522.8)

(©) Selected, erected and routed to avoid ingress of water (522.3)

(d) Proximity to non-electrical services, ie. sources of heat, smoke etc. cannot
cause damage (528.3)

(e) Internal fire sealing provided where necessary (requires inspection during the
erection stage) (527.2.2)

(f) Holes surrounding trunking made good (527.2.1)

(g) Band | circuits partitioned from Band Il circuits or insulated for the highest
voltage present (528.1)
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(h) Circuits partitioned from Band | circuits or wired in mineral insulated metal-
sheathed cables (528.1)
(i) Cables supported for vertical runs (522.8.5).

Metal trunking

(a) Line, neutral and any additional protective conductors are contained in the
same trunking (521.5.1)

(b) Protected against damp or corrosion (522.3, 522.5)

{c) Earthed (411.4.2, 411.5.1)

(d) Joints mechanically sound and of adequate continuity (543.2.5).

Rigid non-metallic trunking

(@) Ambient and working temperatures within permitted limits (522.1, 522.2)

(b) Provision made to allow for expansion and contraction (522.15. )]

() Trunking to be 'non-flame propogating’ type (521.6)

(d) Cables to be secured where necessary to prevent premature collapse in the
event of a fire (521.10.202)

Busbar trunking and powertrack systems

(@) Busbar trunking systern complies with BS EN 604392 or BS EN 61439-6 or
other appropriate standard; powertrack system complies with BS EN 61534
series or other appropriate standard (521.4)

(b) Securely fixed and adequately protected against mechanical damage (522.8)

{c} Joints mechanically sound and of adequate continuity (543.2.5).

Insulated cables
Non-flexible cables
{a) Correct type and complies with relevant design Construction Products
Regulations requirements (521)
(b) Correct current rating (523 and Appendix 4)
(¢} Protected against mechanical damage and abrasion (522.8)
(d) Suitable for high or low ambient temperature as necessary (522.1)
{e) Non-sheathed cables are protected by enclosure in conduit, duct or trunking
(except for protective conductors of 4 mm?2 and larger) (521.10 and 543.1)
(f) Sheathed cables concealed in a wall at a depth of less than 50 mm from the
surface and not forming part of a SELV or PELV circuit are:
(i) routed in prescribed zones and additional protection is provided by an RCD
having a rated residual operating current, 1o, not exceeding 30 mA, or
(ii) provided with mechanical protection complying with (522.6.204)
(8) Cables concealed in a partition containing metallic structural parts are
() provided with additional protection by RCD having Ian not exceeding 30
mA, or
(ii) provided with adequate mechanical protection to suit both the installation
of the cable and its normal use, or
(iif) comply with the requirements set out in Regulation 522.6.203 (522.6. 202)
(h) Cables exposed to direct sunhgh‘{ are of a suitable type or are 5u|tably shielded
(522.11) .
(i) Not run in lift or hoist shaft unless part of the hft mstallatlon and of the
permitted type (528.3.5)
(j) Cables buried in the ground are correctly selected and installed for use
(522.8.10)
(k) Cables installed overhead are correctly selected and installed for such use
(522.8.4)
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() Internal radii of every bend in a wiring system should be such so that it is
not so tight that the cable and/or its conductors do not suffer damage and
terminations are not in any way stressed (522.8.3 and Guidance Note 1
Appendix G)

(m)Correctly supported and secured where necessary to prevent premature
collapse in the event of a fire (521.10.202, 522.8.4, 522.8.5)

(n) Not exposed to water, etc. unless suitable for such exposure (522.3)

(0) Meta! sheaths and armour earthed (411.3.1.1)

{p) Conductors identified at terminations (514.3)

(@) Joints and connections electrically and mechanically sound and adequately
insulated (526.1, 526.2)

(¢} All wires securely contained in terminals, etc. without strain (522.8.5, 526)

(s) Enclosure of terminals (526)

(t) Clands correctly selected and fitted with shrouds and supplementary earth tags
as necessary (526.1)

(1) Joints and connections mechanically sound and accessible for inspection, testing
and maintenance purposes, except as permitted otherwise (526.1, 526.3).

Flexible cables (521.9)

(a) Correct type and complies with relevant design Construction Products
Regulations requirements (521.9.1)

(b) Correct current rating (523 and Appendix 4)

(¢) Protected where exposed to mechanical damage (522.6, 522.8)

(d) Suitably sheathed where exposed to contact with water (522.3) or corosive
substances (522.5)

(e) Protected where used for final connections to fixed apparatus, etc. (526.8)

(F) Selected for resistance to damage by external heat sources (522.2)

(g) Segregation of Band t and Band 1l circuits (528; see also BS 6701 and BS EN
50174 series)

(h) Fire alarm and emergency lighting circuits segregated (528; see aiso BS 5839,
BS 5266)

(i) Cores correctly identified (514.3)

(j) Connections to have durable electrical continuity, adequate mechanical strength
and be made using appropriate means (526.1, 526.2)

(k) Where used as fixed wiring, relevant requirements met and secured where
necessary to prevent premature collapse in the event of a fire (521.9.1,
521.10.202)

() Final connections to current-using equipment properly secured and arranged to
prevent strain on connections (526.6)

{m) Mass supported by cable so as not to impair safety of the instaliation (559.5.2).

Protective conductors

(a) Cables incorporating protective conductors comply with the relevant British or
Harmonised Standard (511.1)

(b) Joints in metal conduit, ducting or trunking comply with Regulations for
preservation of continuity (543.3)

(c) Flexible or pliable conduit is supplemented by a protective conductor (543.2.3)

(d) Minimum cross-sectional area of copper conductors (543.1)

{e) Copper conductors of 6 mm?2 or less protected by insulation (543.3.201)

(f) Circuit protective conductor at termination of sheathed cables protected by
steeving (543.3.201)

(g} Bare circuit protective conductor protected against mechanical damage and
corrosion (543.3.1)
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643.1

644.1

644.3

644.3

644.5

644.1.1

(h) Insulation, sleeving and terminations identified by the bi-colour combination
green-and-yellow (514.4.2)

(1) Joints electrically and mechanically sound (526.1)

(j) Separate circuit protective conductors of not less than 4 mm? if not protected
against mechanical damage and is not an integral part of a cable, not formed by
conduit, ducting or trunking, nor contained in an enclosure formed by a wiring
system (543.1.1)

(k) Main and supplementary protective bonding conductors of correct size (544).

(I) Cables to be secured where necessary to prevent premature collapse in the
event of a fire (521.10.202)

Enclosures

General

(a) Suitable degree of protection (IP Code' in BS EN 60529) appropriate to
external influences when installed taking account of the manufacturer's
instructions (416.2, 512.2, 522, Part 7).

2.6 [Initial testing

The test methods described in this section are recommended to be used for verification.
This does not rule out the use of other test methods provided they give valid results.

2.6.1 Test resulis

The test results must be recorded on the Schedule(s) of Test Results and compared
with relevant criteria. For example, in order to verify disconnection times, the relevant
criteria would be design earth fault loop impedance values provided by the designer.

A model Schedule of Test Results is shown in Chapter 5.

2.6.2 Electrical Installation Certificate

Regulation 644.1 of BS 7671 requires that, upon completion of the verification of a
new, modified or extended installation, an Electrical Installation Certificate based on
the model given in Appendix 6 of BS 7671 is provided to the person that ordered the
work. Chapter 64 requires that:

(@) the Electrical Installation Certificate be accompanied by schedules of inspection
and schedules of test results. These schedules shall be based on the models
given in Appendix 6 of BS 7671

(b) the schedule of test results shall include test results for every distribution and
final circuit

() the Electrical Installation Certificate is signed or otherwise authenticated by a
skilled person responsible for each facet of design, construction and inspection
and test and competent to verify that the requirements of BS 7671 have been
met.

(d) any defects or omissions revealed by the inspector are required to be made
good by the installer, and as necessary inspected and tested again, before
the Electrical Installation Certificate is issued; it is not the responsibility of the
person or organisation carrying out the inspection and testing to make good
defects or omissions.

Where the installation work does not extend to the installation of a new circuit a
Minor Electrical Installation Works Certificate may be used instead of the full Electrical
Installation Certificate. This simplifies the documentation for small works and also the

Guidance Note 3: Inspection and Testing
@ The Institution of Engineering and Technology



643.2

411.3.1.1

required installation inspection and testing and tests are limited to the circuit being
extended or modified, as detailed in Part 4 of the Certificate. See Chapter 5 for further
details and guidance on the completion of this Certificate.

2.6.3 Model forms

Typical forms for use when carrying out inspection and testing are included in Chapter
5 of this Guidance Note.

2.6.4 The sequence of tests
Initial tests should be carried out in the following sequence where relevant and practical:

(a) Continuity of protective conductors, including main and supplementary bonding
(see following item 2.6.5 and Regulation 643.2.1);

(b) Continuity of ring final circuit conductors (2.6.6) (Regulation 643.2.1);

() Insulation resistance (2.6.7) (Regulation 643.3);

(d) Protection by SELV, PELV or by electrical separation (2.6.8, 2.6.9) (Regulations
643.4, 643.4.1, 643.4.2);

(e) Protection by barriers or enclosures provided during erection (2.6.11)
(Regulation 643.3.3);

(f) Insulation resistance of non-conducting floors and walls (2.6.12) (Regulation
644.5);

(g) Polarity (2.6.13) (Regulation 643.6);

(h) Protection by automatic disconnection of the supply (2.6.15) (Regulations 643.7,
643.7.1);

(i) Earth electrode resistance 2.6.14) (Regulation 643.7.2);

(j) Earth fault loop impedance (2.6.16) (Regulation 643.7.3);

(k) Prospective fault current (2.6.17) (Regulation 643.7.3.201);

(I) Additional protection (2.6.19) (Regulation 643.8);

(m) Check of phase sequence (2.6.18) (Regulation 643.9);

(n) Functional testing (2.6.19, 2.6.20) (Regulation 643.10);

(0) Verification of voltage drop (2.6.21) (Regulation 643.11).

2.6.5 Continuity of protective conductors, including main and
supplementary bonding

Regulation 411.3.1.1 requires installations that provide protection against electric shock
using autornatic disconnection of supply must have a circuit protective conductor run
to and terminated at each point in the wiring and at each accessory. An exception to
this is made for a lampholder having no exposed-conductive-parts and suspended
from such a point.

Regulation 643.2.11 requires that a continuity check be carried out on all protective
conductors. This includes the earthing conductor, the protective conductors of all
circuits, all main protective bonding conductors and, where applicable, all supplementary
bonding conductors.

Regulation 643.2.1 also requires that a continuity check be carried out on each
conductor of every ring final circuit, which includes the line, neutral and protective
conductors.

There are two widely used test methods that have evolved for checking protective
conductor continuity. 'Test method 1' uses the circuit cable shorted out and 'Test
method 2' uses a supplementary length of test cable (this method being popularly
known as the 'wandering lead' method).
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Instrument: Use a low resistance ohmmeter for these tests — see Section 4.3.

The relevant conductors, mentioned above, should be tested to verify that they are
electrically sound and correctly connected.

Test method 1, detailed in this item, as well as checking the continuity of the protective
conductor, also measures (Ry + Ry) which, when added to the external impedance
(Ze) enables the earth fault loop impedance (Zo) to be checked against the design
(see 2.6.16). (Ry + Ry) is the sum of the resistances of the line conductor, By, and the
cireuit protective conductor, Rz,

Test readings may be affected by parallel paths through exposed-conductive-parts
and/or extraneous-conductive-parts.

Test method 1 (for circuits)

Make a temporary shorting link of cable and connect the line conductor to the protective
conductor at the distribution board or consumer unit. Then test between line and earth
terminals at each outlet in the circuit as shown in Figure 2.1a. The resistance of the
test leads should either be measured and deducted from the readings obtained, or
auto-nulled by the test instrument, which most modern instruments are able to do.

Where the installation has all-insulated wiring (see notes on parallel earth paths and
effects on test results above) and the cable accessories are not in contact with earth,
then this test measures (Ry -+ Ry), i.e. the resistance of the line conductor, Ry, plus
the resistance of the protective conductor, Ry, for that circuit which, if added to the
earth fault loop impedance at the distribution board, can be taken as the circuit's earth
fault loop impedance. It is impartant to record the value of (R1 + Ry) obtained at the
circuit's extremity, namely the furthest circuit distance from the distribution board.
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¥ Figure 2.1a Connections for testing continuity of protective conductors: method 1

main switch off
all fuses removed
circuit-breakers off

Note: remember to
remove link after test

test instrument

Expected results for test method 1

The results should first and foremost indicate no discontinuity in the protective
conductors. For insulated wiring systems installed in conditions where accessory
boxes and similar are not connected to the fabric of the building or other elements
that may be earthed, then as stated earlier the readings measured will be the sum
of the line and protective conductor resistances (R; + Ry). This test can detect
poor continuity at junctions and connections since, for a new installation with new
accessories; the contribution of resistance of healthy connections to the measured
resistance is negligible and can be ignored. Thus, by employing the resistance data for
copper conductors given in Appendix B, expected values for healthy circuits can be
approximated, and compared with the test readings obtained.

As an example, a radial circuit of length about 55 m with 2.5 mm?2 line and protective
conductors should have an (R; + Ry) resistance as follows:

Length of circuit is 55 m
Resistance of a 2.5 mm?2 conductor is 7.41 m&/m (at 20 °C) from Table Bl

Theoretical minimum DC resistance = (55 x 2 x 7.41)/1000 = 0.82 Q

When verifying this circuit, the inspector should be looking for a reading somewhere
in the order of, say, 0.8 to 1.2 Q would be acceptable. If the circuit had several
outlets, thus meaning that the circuit conductors were broken and connected in screw
terminals at each accessory, then a slightly higher value may be measured, as there
would be some resistance at the terminations.

Test method 2 (for circuits)
Instrument: Use a low-resistance ohmmeter for this test. Refer to Section 4.3.

One lead of the test instrument is connected to the earth terminal at the distribution
board via a length of test cable or 'wandering lead'. The other test lead is used to make
contact with the protective conductor at various points on the circuit under test, for
example, luminaires, switches, fused connection units, etc. as shown in Figure 2.1b.

Guidance Note 3: Inspection and Testing
© The Institution of Engineering and Technology

P!

43




2

44

The resistance of the wandering lead and the test leads are either measured and
deducted from the readings obtained, or auto-nulled by the test instrument, which
most modern instruments are able to do these days

This test measures the continuity resistance of the circuit protective conductor, Ry,
which should be recorded on the Schedule of Test Results (see earlier note regarding
'Parallel earth paths and effects on test readings").

V' Figure 2.1b Connections for testing continuity of protective conductors: method 2

(GIEIY) (CIGI) OE®
/l — 1__7.,'<...,- .
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/ () o i nl‘_"_ alnina"
.......... "' ‘wandering j 1ijjj
¥ | lead’

main switch off
all fuses removed
circuit-breakers off

test instrument

Expected results for test method 2

The results should first and foremost indicate no discontinuity in the protective
conductors. For insulated wiring systems installed in conditions where accessory boxes
and similar are not connected to the fabric of the building or other elements that may
be earthed, then the measurement will equate to the protective conductor resistance,
R2. This test can detect poor continuity at junctions and connections since, for a new
installation with new accessories, the contribution of resistance of healthy connections
is negligible and can be ignored. Thus, by employing the resistance data for copper
conductors given in Appendix B, expected values for healthy cable and connections
can be checked.

As an example, a radial circuit of length about 55 m with a 2.5 mm? copper protective
conductor should have an R3 resistance as follows:

Length of circuit is 55 m
Resistance of a 2.5 mm? conductor is 741 m&/m (at 20 °C) from Table B1

Theoretical minimum DC resistance = (55 x 7.41)/1000 = 0.41 Q

When verifying this circuit, the inspector should be looking for a reading somewhere in
the order of, say 0.4 to 0.5 Q. If the circuit had several outlets, thus meaning that the
protective conductor was broken and connected in screw terminals at each accessory,
then a slightly higher value may be measured, as there would be some resistance at
the terminations.

Testing bonding conductors and earthing conductors
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To confirm the continuity of these protective conductors, test method 2 may be
used. Account should be taken of the possibility of test readings being affected by
parallel paths as mentioned earlier in this section. For this reason it may be necessary
to carry out the test with the protective conductor disconnected at one end, where
practicable.

This method can also be used to confirm a bonding connection between extraneous-
conductive-parts where it is not possible to see a bonding connection, for example,
where bonding clamps have been 'built in'. The test would be done by connecting
the leads of the test instrument between any two points, such as metallic pipes, and
looking for a low reading of the order of 0.05 ©, but do keep in mind that such a
reading for a single core 6.0 mm? or 10.0 mm? conductor, equates to 15 m and 25 m,
respectively. (It should be noted that not all low-resistance ohmmeters can read this
low, see Section 4.3.) It should be noted that this is not the R2 resistance measured
from the Main Earthing Terminal to the bonding clamp or adjacent pipework.

Where metallic enclosures have been used as the protective conductors, for example,
conduit, trunking, steel-wire armouring, etc. the following procedure should be
employed:

(a) Inspect the enclosure along its length for soundness of construction
(b) Perform the standard continuity test using the appropriate test method
described above.

Instrument: Use a low-resistance ohmmeter for this test — Section 4.3.

Expected test results

The results should first and foremost indicate no discontinuity in the protective
conductors. For lengths of conductor use Appendix B for resistance data. For joints
across bonds by earth clamps and similar, the readings should approach 0.05 © taking
into account both the resolution of the instrument, its accuracy at low values and
contact resistance.

2.6.6 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 every 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 connected as a 'figure of eight' configuration.

Instrument: Use a low-resistance ohmmeter for this test — see Section 4.3.

Step 1

The line, neutral and protective conductors are visually identified at the distribution
board or consumer unit and the end-to-end resistance of each is measured separately
(see Figure 2.2a).
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¥V Figure 2.2a Connections for testing step 1

initial check for continuity
atends of ring

testinstrument = |ine

== (pcC
s neutral

These resistances are referred to as ry, 1, and ry respectively. A finite reading confirms
that there is no discontinuity on the ring conductors under test. The resistance values
obtained should be of the same order if the conductors are the same length, csa
and material. If the protective conductor has a smaller csa, the resistance ry of the
protective conductor loop will be proportionally higher than that of the line or neutral
loop, for example, 1.67 times for 2.5/1.5 mm2 cable. If the resistance readings are not
as expected this could mean the following:

(a) readings lower than the expected resistance!, would suggest that the ring is
incorrectly configured, possibly wired in a 'figure of eight' connection; this may
be further confirmed by the step 2 test below

(b) readings higher than the expected resistance!, would suggest that one or more
of the conductor terminations is poorly made

Note 1: The 'expected resistance’ mentioned above is that found from the tabulated
DC resistance for the conductor csa per metre multiplied by the installed length
and corrected for measured temperature. A small allowance should be made for
instrument errors. Table B1 gives values of DC resistance for conductors.

Step 2

The open ends of the line and neutral conductors are then connected together so that
the outgoing line conductor is connected to the returning neutral conductor and vice
versa (see Figure 2.2b).

¥ Figure 2.2b Connections for testing step 2

connector block

= |ine
= cpcC

mmmm-— neutral
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The resistance between line and neutral conductors is measured at each socket-outlet.
The readings at each of the sockets wired into the ring should be substantially the
same and the value will be approximately one-quarter of the resistance of the line
plus the neutral loop resistances, ie. (1 + fm)/4 (see mathematical explanation in
Figure 2.3). Any sockets wired as spurs will give a higher resistance value due to the
resistance of the spur conductors.

Note 1: Where single-core cables are used, care should be taken to verify that the line and
neutral conductors of oppesite ends of the ring circuit are connected together. An
error in this respect will be apparent from the readings taken at the socket-outlets,
progressively increasing in value as readings are taken towards the midpoint of the ring,
then decreasing again towards the other end of the ring.

Step 3

The open ends of the line conductor and cpc are then cross-connected (see Figure

2.20).

V¥ Figure 2.2c Connections for testing step 3

connector block

== = =

- e v S
mmm=— |ine connections for taking
== Cpc (Ry + Ry) readings at
mmm-— neutral d socket-outlets

The resistance between line and cpc is measured at each socket-outlet. The readings
obtained at each of the socket-outlet wired in the form of a ring will be substantially
the same and the value will be approximately one-quarter of the resistance of the
line plus cpc loop resistances, i.e. (r + r2)/4 (the explanation for this being similar
to step 2). A higher resistance value will be recorded at any socket-outlets wired as
spurs. The highest value recorded represents the maximum (Ry + Rp) of the circuit
and is recorded on the Schedule of Test Results. The value can be used to determine
the earth fault loop impedance (Zg) of the circuit to verify compliance with the loop
impedance requirements of the Regulations (see Section 2.6.15).

Where every socket-outlet on a ring final circuit is connected in the form of a ring (i.e. no
spurs), the following formula is true: Ri+Ro=(n+r2)/4. The inspector is again reminded
to take note of the effects of possible parallel return paths on these continuity tests,
described in 2.6.5.
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¥V Figure 2.3 Explanation of the maths for step 2

Figures 2.3a to e explain the expected results for a correctly wired ring circuit.

Origin
a g
Test point A for
mathmatical explanation
¢ o
Open loop resistance =0.6 0
\_k 0

Figure a above is an example of a correctly wired ring, the open loop resistances
from step 1 being 0.6 Q. A test point about a third distance round the ring is used to
illustrate the maths as explained below.

b Origin
]
020
i -
Test point A
i 040
-

Figures b and ¢ show the resistances of each leg of the ring as a test is applied at this
point as per step 2 (line—neutral).

L 020
Ny 020
N, 040

.

Lz 040

The equivalent connects are then represented in figure d.
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Test point A

The equivalent circuit diagram and resultant resistance are shown in figure e.
e

020 040 060
_— s
|| S— | S—  S—
030
— —=—1 — > ==
040 020 060
| — | — | —
[ | (== [ =]

Thus, in summary the open loop resistances are 0.6 ohm for both line and neutral,
giving an (11 + ) value of (0.6 + 0.6), or 1.2 ohms.

From Figure e above it can be seen that a correctly connected ring will give a step 2
reading of a quarter of the (17 + ) value, or:

Fy+r
RstepZtest=(;4_n).r in this case % =0.30hm

2.6.7 Insulation resistance

Insulation resistance testing is a fundamental test for inspectors. Often on larger
construction sites, cables will be insulation resistance tested during various stages of
installation to prove the integrity of installed cables. It is always preferred to re-test
cables and equipment for insulation resistance as part of initial verification as well as
during construction.

BS 7671 requires that insulation resistance is measured between all of the live
conductors and between the live conductors and the protective conductor with the
protective conductor connected to the earthing arrangement. This key change to how
the procedure currently worded was introduced in the 17th Edition in 2008 and is an
important change to practice for many installers and inspectors. Taking cables as an
example, previously it was acceptable to test a cable between the various cores, and
test to earth (which was actually only the cpc, such as a single core conductor, or the
armouring or sheath of the cable); sometimes these cables were terminated without
further testing. This is not acceptable now and it is essential to test to the protective
conductor (such as armouring) with it connected — via a fly-lead if necessary — to the
installation earthing arrangement. This is shown in Figure 2.4c. It is a good idea to test
all cables, including those tested during the construction stage using this method.
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Table 64

The purpose of the insulation resistance test is to verify that the insulation of conductors
provides adequate electrical insulation, is not damaged and that live conductors or
protective conductors are not short-circuited.

As a reminder, prior to carrying out the test, check that:

(a) the protective conductor of the item (switchgear or cable etc) is connected to
the main earthing terminal, which must be connected to the means of earthing

(b) pilot or indicator lamps, and capacitors are disconnected from circuits to avoid
an inaccurate test value being obtained (see note below)

(c) voltage-sensitive electronic equipment such as dimmer switches, touch
switches, delay timers, power controllers, electronic starters for fluorescent
lamps, emergency lighting, RCDs and similar equipment are disconnected so
that they are not subjected to the test voltage. The functional earthing leads of
RCBOs should also be disconnected so that a low insulation resistance reading
or damage to an RCBO will not be caused.

(d) the incoming neutral has been disconnected/isolated, where necessary, so that
there is no connection to Earth.

(Great care should be taken when removing neutral conductors or neutral links on
installations as the moment the neutral is removed it may become live if there is a
“borrowed neutral” on the installation. Insulated tools should be used for this task.)

Note: b and c are necessary because, as testing occurs between all conductors, anything
connected and in circuit will be subjected to the test voltage.

Instrument: Use an insulation resistance tester — see Section 4.4.

Insulation resistance tests should be carried out using the appropriate DC test voltage
specified in Table 64 of BS 7671. The installation will be deemed to conform with
the Regulations in this respect if the main switchboard and each distribution circuit
tested separately, with all its final circuits connected but with current-using equipment
disconnected, has an insulation resistance not less than that specified in Table 64,
reproduced here as Table 2.2.

¥ Table 2.2 Minimum values of insulation resistance

Test voltage DC Minimum
() insulation
resistance

Circuit nominal voltage

Above 500 V 1000 1.0
Simple installations that contain no distribution circuits should preferably be tested as
a whole, see example in Figure 2.4a.

The tests should be carried out with the main switch off, all fuses in place, switches
and circuit-breakers closed (i.e. in their 'on' positions), lamps removed, and fluorescent
and other discharge luminaires and other equipment disconnected. Where the removal
of lamps and/or the disconnection of current-using equipment is impracticable, the
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local switches controlling such lamps and/or equipment should be open. An insulation
resistance test of L&N connected together to E will ensure that all the circuit conductors
are tested. Where there are spedial lighting controls such as contactor switching all the
circuit wiring, including such switch lines, must be included in the testing.

To perform the test in a complex installation it may need to be subdivided into its
component parts.

Although an insulation resistance value as low as 1 MQ would comply with the
requirements of the Regulations, a new installation should not yield a test result this
low and in new installations a value below 20 MQ should be investigated.

Example (i) - Insulation resistance test of a whole consumer unit

V¥ Figure 2.4a Example of an insulation resistance test of a whole consumer unit

|| ] =

switch on
A ‘ ‘ lamps removed
main equipotential

[l jj bonding conductor
earthing _L

conductor

o] fu] =

two-way switches

S :“ : .l ‘.".'._._
2 naLennnunn

main switch off T——
circuit-breakers on

test instrument

Figure 2.4a shows an example of testing a whole consumer unit (i.e. installation) in
one test (only the L-N test is shown). The tests required are a test between the live
conductors (L-N) and tests between the live conductors and earth (I-E and N-E).

For circuits containing two-way switched or two-way and intermediate switched, the
switches must be operated one at a time and the circuits subjected to additional
insulation resistance test in these configurations.

For circuits and/or equipment that is vulnerable to the test voltage, the line and neutral
conductors can be linked/connected together and a test made between the linked
conductors and protective Earth (as in L&N - E). It is essential that the incoming earth
connection is connected to the main earthing terminal of the installation (and that this
is connected to the means of earthing) for these tests.

Example (ii) - Insulation resistance test of a final circuit

Figure 2.4b shows an example of testing a single final circuit at a consumer unit
(only the line to neutral test is shown). The tests required are a test between the live
conductors (1-N) and tests between the live conductors and earth (L-E and N-E).
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For circuits containing two-way switches or two-way and intermediate switches, the
switches must be operated one at a time and the circuits subjected to additional
insulation resistance test in these configurations.

For circuits and/or equipment vulnerable to the test voltage, the line and neutral
conductors can be linked/connected together and a test made between the linked
conductors and protective Earth (as in L&N - E). It is essential that the incoming earth
connection is connected to the main earthing terminal of the installation (and that this
is connected to the means of earthing) for these tests.

V¥ Figure 2.4b Example of insulation resistance test of a final circuit

ceiling rose

ool &

W@

two-way switches / switch on
- / =
main switch off T——x = ——_ Al i
circuit-breakers on i lamps removed

main equipotential
bonding conductor

earthing _|

test instrument conductor =

Notes: (a) the test should be initially carried out on the complete installation
(b) bonding and earthing connections are in place

Insulation resistance testing of a three-phase 4-core power cable
The cable is tested as per Table 2.3.

¥V Table 2.3 Insulation resistance test on 4-core power cable

Test 1 Lyto Ly
| il

The lowest value of these tests is recorded
as 'between live conductors'

Testzail otioll 5

Test5 Ly 4Ly + Lz (connected  The lowest value of these tests is recorded
together) to earth as 'between live conductors and earth'
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Sect 414

414.4.5

Note 1: Itis essential for tests 5 and 6 that the protective conductor of the cable is connected
to the installation's earthing arrangement.

Note 2: Tests 4 and 5 can be done individually L core by core to N and E.

For experienced inspectors and testers, Table 2.3a shows how it is possible to reduce
the number of steps for insulation resistance to four, but should any test yield a reading
lower than referred to in Table 2.2, it will be necessary to follow the sequence stated
in Table 2.3 to identify which conductors are affected.

¥ Table 2.3a Four step insulation resistance test on 4-core power cable

Test 1 l1+1ly +ls+NtoE

«—— connection for
test purpose

test instrument

connected
to MET

Insulation resistance readings obtained should be not less than the minimum values
referred to in Table 2.2.

2.6.8 Confirming SELV or PELV circuits by insulation resistance
testing

In order to establish which insulation resistance tests are required for verifying a SELV
or PELV system, the requirements of Section 414 of BS 7671 must first be understood.

There are situations where the provision of insulation of SELV or PELV circuits for basic
protection is generally not required by BS 7671, i.e. for the following voltages:

» upto 12 VAC or 30 V DC in wet areas

B upto 25V ACor 60V DCin dry areas
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However, for locations containing a bath or shower, or in swimming pools, saunas and
some other special locations, basic protection by insulation is required for SELV and
PELV at all voltages.

It is often, therefore, easier to carry out insulation resistance tests on these circuits as
a matter of course.

Where SELV or PELV is used as a protective measure and insulation resistance testing
is required, Tables 2.4 and 2.5 set out the requirements.

Instrument: Use an insulation resistance tester for these tests. Refer to Section 4.4.

¥ Table 2.4 SELV insulation resistance tests

Test type Description Test Minimum
voltage DC acceptable
(V) resistance
(M©)
Basic Between live conductors and all other 250 0.5
insulation circuits including other SELV and PELV

and low voltage circuits

Note: In situations where the SELV conductors are separated by just insulation, such as within
a multicore cable with low voltage circuits, then the test voltage shall be increased to
500 V DC and the insulation resistance shall be not less than 1 M¢.

¥ Table 2.5 PELV insulation resistance tests

Test type Description Test Minimum
voltage DC acceptable
(V) resistance
(MQ)
Basic Between live conductors and all other 250 0.5
insulation circuits including other SELV and PELV

and low voltage circuits

Note: In situations where the PELV conductors are separated by just insulation, such as within
a multicore cable with low voltage circuits, then the test voltage shall be increased to
500 V DC and the insulation resistance shall be not less than 1 MQ.

2.6.9 Testing of electrically separated circuits

The source of supply should be inspected to confirm compliance with the Regulations.

In addition, should any doubt exist, the voltage should be measured to verify it does
not exceed 500 V.

Insulation tests are then made as detailed in Table 2.6.

Instrument: Use an insulation resistance tester for these tests. Refer to Section 4.4.
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¥ Table 2.6 Tests made to verify electrical separation

Test type

Basic
separation

Description Test Minimum
voltage DC acceptable

(V) resistance
(MQ)

Between the electrically separated 500 1.0
live conductors and the transformer
econdary live conductor.

Basic
insulation of
any exposed-
conductive-
parts
associated
with separated
conductors

Between any exposed-conductive- 500 1.0
parts associated with the electrically

separated circuits and any protective

conductor, other exposed-conductive-

parts or Earth

Additional inspections and tests for separated circuit supplying more than
one item of current-using equipment:
418.3.4 (a) Apply a continuity test between all exposed-conductive-parts of the separated

418.3.5

418.3.6

418.3.7

Table 41.2
Table 41.3
Table 41.1

circuit to ensure that they are bonded together. The non-earthed protective
bonding conductor should then be subjected to a 500 V DC insulation
resistance test between it and the protective conductor or exposed-conductive-
parts of other circuits, or to extraneous- conductive-parts. The insulation
resistance should be not less than 1.0 MQ. Instruments: Use a low-resistance
ohmmeter and an insulation resistance tester for these tests. Refer to Chapter 4
of this Guidance Note.

(b) All socket-outlets must be inspected to ensure that the protective conductor

contact is connected to the non-earthed protective bonding system.

(c) All flexible cables other than those supplying Class Il equipment must be

inspected to ensure that they contain a protective conductor for use as an
unearthed protective bonding conductor.

(d) Operation of the protective device must be verified by measurement of the

fault loop impedances (i.e. between live conductors) to the various items of
connected equipment. These values should then be compared with the
maximum Zs value required by Regulation 411.4.5, with reference to the type
and rating of the protective device for the separated circuit. For 230 V systems,
Tables 41.2 and 41.3 of Chapter 41 of BS 7671 may be used for the maximum
Z. values for fuses and circuit-breakers respectively. Although these tables
pertain to the line/protective conductor loop path, and the measured values are
between live conductors, they give a reasonable approximation to the values
required to achieve the required disconnection time of Table 41.1.

2.6.10 Testing of functional extra-low voltage (FELY) circuits

411.7 A FELV system is an extra-low voltage system meeting the requirements of Regulation
Group 4117 (Functional extra-low voltage (FELV)). The system does not meet all
the requirements of Section 414 of BS 7671 relating to SELV or PELY, and it use is
permitted only where SELV or PELV are not necessary.
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Regulation 643.3.2 requires that FELV circuits shall meet the test requirements for low
voltage circuits (such as ‘mains voltage’ circuits). This includes the testing of:

(@) continuity of protective conductors (see 2.6.5);

(b) insulation resistance (see 2.6.7), the test voltage being 500 V DC and the
minimum insulation resistance being 1 MQ;

(¢) basic protection by a barrier or enclosure provided during erection of the
installation (see 2.6.11); and

(d) polarity (see 2.6.13).

It should also be checked by inspection that:

(a) the exposed-conductive-parts of the FELV system are connected to the
protective conductor of the primary circuit of the source, provided that the
primary circuit is subject to protection by automatic disconnection of supply in
accordance with Regulation 411.3 to 6, and

(b) the source of the FELV system is one that meets the requirements of
Regulation 411.7.4, and

(c) plugs, socket-outlets, LSCs, DCLs and cable couplers in a FELV system are
required to have a protective conductor contact (connected to the protective
conductor) and not be dimensionally compatible with those used for any other
systems in use at the same premises.

Automatic disconnection of supply for protection against electric shock is not required
in a FELV system, but may be required for other reasons, such as protection against
thermal effects.

2.6.11 Protection by barriers or enclosures provided during erection

This test is not applicable to barriers or enclosures of factory-built equipment and
these will have been tested and certified by the manufacturer. It is applicable to those
constructed on site during the course of assembly or erection and therefore is seldom
necessary.

Whilst enclosures are covered by product standards, barriers may not be and the
inspector must use engineering judgement in deciding if a barrier is fit for purpose.

2.6.12 Proving and testing of non-conducting location (insulation
resistance/impedance of floors and walls)

Where fault protection is provided by a non-conducting location, which should be
remembered as a measure of protection not recognised for general application, the
following should be verified, prior to carrying out insulation testing:

(a) Exposed-conductive-parts should be inspected to confirm that under ordinary
crcumstances no one can come into simultaneous contact with:
(i) two exposed-conductive-parts, or
(i) an exposed-conductive-part and any extraneous-conductive-part

if these parts are liable to be at different potentials through failure of the

basic insulation of a live part.

(b) In a non-conducting location there must be no protective conductors

(©) Any socket-outlets installed in the location must not incorporate an earthing
contact.
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Appx 1:

Following these checks, the insulation resistance between the insulating floors and
walls to the installation main earthing terminal (via a local earth terminal of the general
installation) should be measured. It is required that at least three measurements are
made. One measurement must be made approximately one metre from any accessible
extraneous-conductive-part, for example, metal pipe, in the location and the other
measurements should be made at distances further away. Methods of measuring the
insulation resistance/impedance of floors and walls are described below.

Test method

The insulation resistance test may be made using an insulation resistance tester, see
Section 4.4, and the test is made between test electrode 1 or test electrode 2 (see
Figures 2.5a and 2.5b) and the main protective conductor of the installation.

Measuring insulation resistance of floors and walls

A magneto-ohmmeter or battery-powered insulation resistance tester providing
a no-load voltage of approximately 500 V (or 1000 V if the rated voltage of the
installation exceeds 500 V) is used as a DC source.

The resistance is measured between the test electrode and the main protective
conductor of the installation.

The test electrodes may be either of the following types. In case of dispute, the use
of test electrode 1 is the reference method.

It is recommended that the test be made before the application of the surface
treatment (varnishes, paints and similar products).

Test electrode 1

The test electrode shown in Figure 2.5a comprises a metallic tripod of which the
parts resting on the floor form the points of an equilateral triangle. Each supporting
part is provided with a flexible base ensuring, when loaded, close contact with the
surface being tested over an area of approximately 900 mm? and having a combined
resistance of less than 5000 Q between the terminal and the conductive rubber pads.

Before measurements are made, the surface being tested is cleaned with a cleaning
liquid. While measurements of the floors and walls are being made, a force of
approximately 750 N (75 kg in weight) for floors or 250 N for walls, is applied to the
tripod.
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Fig 13A 'V Figure 2.5a Test electrode 1
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Test electrode 2

The test electrode shown in Figure 2.5b comprises a square metallic plate with sides
that measure 250 mm and a square of dampened, water-absorbent paper, or cloth,
from which surplus water has been removed, with sides that measure approximately
270 mm. The paper or cloth, as applicable, is placed between the metal plate and the
surface being tested. During measurement a force of approximately 750 N (75 kg in
weight) for floors or 250 N for walls is applied on the plate.

Fig 138V Figure 2.5b Test electrode 2
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Expected results

The floors and walls are considered to be non-conducting where the measured
resistances are at least 50 kQ (where the system voltage to Earth does not exceed
500 V).

A further test is specified in BS 7671 for extraneous-conductive-parts that are within
the location but to which insulation has been applied during construction. In these
cases a 'flash' insulation tester is required which, after the standard 500 V insulation
test, applies a 2 kV AC rms test and measures the leakage current (which should not
exceed 1 mA).

2.6.13 Polarity testing

The polarity of all circuits must be verified before connection to the supply, with either
an ohmmeter or the continuity range of an insulation and continuity tester. A typical
test on a lighting circuit is shown in Figure 2.6.

Alternatively, polarity can be verified by visually checking core colours at terminations,
thus verifying the installer's connections. Whatever method is used, polarity checks are
required at all points on a circuit.

Instrument: Use a low-resistance ochmmeter for these tests — see Section 4.3.

A test for polarity is necessary to ensure all fuses and single-pole control and protective
devices are connected in the line conductor. The centre contact of screw-type
lampholders must be connected to the line conductor (except E14 and E27 to BS
EN 60238) so this needs to be verified as does the correct connection of all non-
reversible plugs and socket-outlets.

Note: The continuity test (see 2.6.5) and ring final circuit continuity test (see 2.6.6) helps to
confirm polarity.

¥V Figure 2.6 Polarity test on a lighting circuit
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Note: The test may be carried out either at lighting points or switches
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643.7.2
542.1
542.2

REMEMBER TO REMOVE THE TEMPORARY SHORTING LINK WHEN TESTING
IS COMPLETE.

2.6.14 Earth electrode resistance testing

Three methods of measuring the resistance of an earth electrode are described in this
section. Test method E1 uses a dedicated earth electrode tester (fall of potential,
three- or four-terminal type), test method E2 uses a dedicated earth electrode tester
(stakeless or probe type) and test method E3 uses an earth fault loop impedance
tester.

Test method E1: Measurement using dedicated earth electrode tester
(fall of potential, three- or four-terminal type)

For safety reasons, it is essential to ensure that the installation is securely isolated from
the supply. It is also necessary to disconnect the earthing conductor from the earth
electrode/MET. Caution: If this is the only earth electrode this may leave the
installation unprotected against earth faults and complete isolation of the
installation must be made. This disconnection will ensure that the test current only
passes through the earth electrode and not through any parallel paths. The installation
must remain isolated from the supply until all testing has been completed and the
earth electrode connection reinstated.

Ideally, the test should be carried out when the ground conditions are least favourable,
such as when the soil is frozen or very dry. Refer to Annex C of IEC 60364-6 for further
guidance.

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

Connection to the earth electrode is made using terminals C1 and P1 of a four-terminal
earth tester. To exclude the resistance of the test leads from the resistance reading,
individual leads should be taken from these terminals and connected separately to
the electrode. Where the test lead resistance is insignificant, the two terminals may be
linked together at the test instrument and connection made with a single test lead, the
same being true if using a three-terminal tester. Connection to the temporary spikes is
made as shown in Figure 2.7,

¥ Figure 2.7 Typical earth electrode test using a three- or four-terminal tester

temporary
test electrodes

test instrument
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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, C2, is at least ten times the
maximum dimension of the electrode system, for example, 30 m for a 3 m long rod
electrode.

Three readings are taken:

(a) firstly, with the potential spike, T2, inserted midway between the electrode
under test and the current spike, T1

(b) secondly, with T2 moved to a position 10 % of the overall electrode-to- current
spike distance back towards the electrode under test

(c) last, with T2 moved to a position 10 % of the overall distance towards the
current spike, from its initial position between the electrode under test and T1.

By comparing the three readings, a percentage deviation can be determined. This is
calculated by taking the average of the three readings, finding the maximum deviation
of the readings from this average in ohms, and expressing this as a percentage of the
average.

The accuracy of the measurement using this technique is typically 1.2 times the
percentage deviation of the readings. Itis difficult to achieve an accuracy of measurement
better than 2 %, and inadvisable to accept readings that differ by more than 5 %. In
this event, to improve the accuracy of the measurement the test must be repeated
with a larger separation between the electrode under test and the current spike.

The test instrument output may be AC or reversed DC to overcome electrolytic effects.
Because these instruments employ phase-sensitive detectors, 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.

Where the resistance of the temporary spikes is too high, measures to reduce the
resistance will be necessary, such as driving the spikes deeper into the ground or
watering with brine to improve the contact resistance. In no circumstances should
the latter technique be used to temporarily reduce the resistance of the
earth electrode under test.

ON COMPLETION OF THE TEST, ENSURE THAT THE EARTHING CONDUCTOR
IS RECONNECTED, BEFORE THE INSTALLATION IS ENERGISED (OR
RE-ENERGISED).

Test method E2: Measurement using dedicated stakeless or clamp
based earth electrode tester
64372 A number of types of earth electrode resistance tester are available that utilise clamps
542.1 and can carry out measurements without the earth electrode under test having to be
542.2 disconnected from the installation. The use of two such types is described here.
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Instrument using one test coil

The instrument described here uses a method of measurement similar to the fall of
potential method (Method E1, described earlier), in that it uses two temporary test
spikes (electrodes), as shown in Figure 2.8. These are placed in the ground, away
from the earth electrode under test, in similar fashion to that described for the fall in
potential method.

¥ Figure 2.8 Instrument using one test coil

To main
earthing
terminal
of installation

Clamp containing
test coil

The clamp containing the test coil is placed around the earth electrode under test,
or around the conductor connected to that electrode. This eliminates the effects of
parallel resistances so that only the resistance earth electrode under test is measured.

The resulting level of accuracy is similar to that given by ‘fall of potential’ method.
Instrument using two test coils

The instrument described here relies for its operation on there effectively being a
number of earth electrodes within the installation, not just the electrode under test.
The electrodes other than the one under test might not be actual earth electrodes:
they might be extraneous-conductive-parts buried in the ground or in concrete buried
in the ground, such as metallic services pipes or buried structural metalwork.

The instrument uses two coils placed a small distance apart around the earthing
conductor of the installation, as shown in Figure 2.9, by means of clamps forming part
of the instrument. In practice the coils may be combined into a single clamp. One coil
induces a known voltage in a loop circuit containing the earth electrode under test,
the general mass of Earth and other connections with Earth within the installation. The
second coil measures the test current.
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V¥ Figure 2.9 Instrument using two test coils
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The instrument carries out a calculation using the formula below. This produces a
resistance reading intended to represent the resistance of the earth electrode under
test.

_ 1
Rreading - RE+ ﬁ]:+R_]2+R_];,+"‘+é

Where:

* Rreading is the resistance reading given by the test instrument
o Rgis the actual resistance of the earth electrode under test
« Ry, Ry etc. are the resistances of the other ‘earth electrodes’

The accuracy of the test reading (Rreading) depends on the existence of multiple parallel
paths for the returning test current to the instrument, such that the effective parallel
resistance of these paths is low enough to be neglected.

For example, if there are four other ‘earth electrodes’, effectively connected in parallel,
each having a resistance of, say, 40 Q, their combined resistance would be 10 Q. If the
resistance of the earth electrode under test was 100 Q, the total resistance, Rreading,
measured by the test instrument would be 100 © +10 © =110 Q. Consequently, the
measured value (Rreading) would be 110 % of the actual value (Rg), an error of 10 %.

However, if there was only one earth electrode other than the one under test, the error
in the measurement could be significantly greater, as the effective path would then
be through two electrodes effectively connected in series. Using the same values as
in the previous example, this would mean resistance, Rreading, measured by the test
instrument would be 100 Q + 40 Q =140 Q. Consequently Rreading would then be
140 % of the actual value (Rg), an error of 40 %.
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Test method E3: Measurement using an earth fault loop impedance tester
An earth electrode may be tested using an earth fault loop impedance tester. However,
it is recognised that the results may not be as accurate as using a dedicated earth
electrode tester.

FOR SAFETY REASONS, THE INSTALLATION MUST BE ISOLATED FROM THE SUPPLY
BEFORE DISCONNECTING THE EARTHING CONDUCTOR. The earth fault loop
impedance tester is connected between the line conductor at the source of the
installation and the earth electrode via the earthing conductor, and a test performed.
The impedance reading taken is treated as the electrode resistance.

ON COMPLETION OF THE TEST ENSURE THAT THE EARTHING CONDUCTOR
IS RECONNECTED BEFORE THE SUPPLY IS ENERGISED (OR RE-ENERGISED).

Results of earth electrode testing

For TN-S systems and generator supplies, electrode resistance values may not have
been specified, as there is a separate metallic earth conductor and electrodes often
simply provide a local reference earth.

For TT systems, in the absence of the designer's specification, BS 7671 maximum
values for RCDs are as follows:

Regulation 411.5.3 requires:

(@) The disconnection time shall be that required by Regulation 411.3.2.2,
Regulation 411.3.2.3 or 411.3.2.4, and
(b) Rax Ian =50V

where:

The maximum disconnection time required by Table 41.1 of BS 7671 (for final circuits
rated at not more than either 63 A with one or more socket-outlets or 32 A supplying
fixed current using equipment only) at a nominal voltage to Earth, Ug, of 230 V is 0.2s
where an RCD is used for fault protection.

The maximum disconnection time required by Regulation 411.3.2.4 (for a distribution
circuit or a circuit not covered by Regulation 411.3.2.2) is 1 s.

Ra is the sum of the resistances of the earth electrode and the protective
conductor(s) connecting it to the exposed-conductive-parts (in ohms)

[An is the rated residual operating current of the RCD (in amps).

For a nominal voltage, Ug, of 230 V, Table 2.7 gives maximum values of Zs for non-
delayed RCDs, which may be substituted for Ry in equation (b), above.
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V¥ Table 2.7 Maximum values of earth fault loop impedance (Z5) for non-delayed RCDs to
BS EN 61008-1 and BS EN 61009-1 for U, of 230 V

RCD rated residual operating Maximum value of earth fault loop

current, IAn (mA) impedance, Zs (¢2)

Where a time-delayed RCD is used to provide fault protection the maximum value of
earth fault loop impedance including the earth electrode resistance must be such that
the requirements of 411.3 and 411.5 are met. This is likely to require a lower figure
than given above.

The table indicates that the use of a suitably rated RCD will theoretically allow much
higher values of Ra, and therefore of Zs, than could be expected by using the circuit
overcurrent devices for fault protection.

*t is advised though, in Note 2 of Table 41.5, that earth electrode resistance values
above 200 Q may not be stable, as soil conditions change due to factors such as soil
drying and freezing.

2.6.15 Protection by automatic disconnection of supply

The effectiveness of measures for fault protection by automatic disconnection of
supply can be verified for installations within a TN system by:

(a) measurement of earth fault loop impedance (as described in 2.6.16 below);

(b) confirmation by visual inspection that overcurrent devices have suitable short-
time or instantaneous tripping setting for circuit-breakers, or current rating ()
and type for fuses; and

(c) where RCDs are employed, testing to confirm that the disconnection times of
Chapter 41 of BS 7671 can be met (see 2.6.16 and 2.6.19).

For installations within a TT system, effectiveness can be verified by:

(a) measurement of the resistance of the earthing arrangement of the exposed-
conductive-parts of the equipment for the circuit in question;

(b) confirmation by visual inspection that overcurrent devices have suitable short-
time or instantaneous tripping setting for circuit-breakers, or current rating (In)
and type for fuses; and

() where RCDs are employed, testing to confirm that the disconnection times of
Chapter 41 of BS 7671 can be met (see 2.6.16 and 2.6.19).

2.6.16 Earth fault loop impedance verification

Where limitation of earth fault loop impedance is part of a protective measure, then
it is fundamental that the initial verification process includes verification of earth fault
loop impedances.

The earth fault current loop comprises the following elements, starting at the point of
fault on the line-earth fault loop:
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(a) the circuit protective conductor:

(b) the main earthing terminal and earthing conductor;

(c) for TN systems, the metallic return path or, in the case of TT and IT systems,
the earth return path;

(d) the path through the earthed neutral point of the transformer;

(e) the transformer winding (or the equivalent in another source of energy); and

(f) the line conductor from the 'source' to the point of fault.

There are two methods used for verifying total earth fault loop impedance for a circuit:

(a) measurement of total earth fault loop impedance (Zs) using an earth fault loop
impedance tester, where it is safe to do so; and

(b) measurement of (Ry + Ry) during continuity testing of a circuit (see 2.6.5 and
2.6.6 ) and addition to the measured earth fault loop impedance external to
that circuit (Zg).

The latter is preferred when determining Zs for final circuits and distribution circuits.

Measurement of total earth fault loop impedance (Zs) using an earth fault
loop impedance tester

Measurement of Zs is made on a live installation and, for safety and practical reasons,
neither the connection with Earth nor bonding conductors are disconnected.

Instrument: Use an earth fault loop impedance tester for this test — Section 4.5.
Measurement of (R + Ry) during continuity testing of a circuit and
addition to the earth fault loop impedance external to that circuit (Ze)
This procedure is described in Section 2.6.5 and, for ring circuits, Section 2.6.6, and
the (Ry + Ry) value recorded for a particular circuit is added to the earth fault loop
impedance at the origin of that circuit.

For a consumer unit at the origin of an installation, this is as follows:

where:
Zs is the total earth fault loop impedance in ohms
Ze is the external earth fault loop impedance, 'external' to the installation

Ry +Ry) is the measured resistance of the line conductor and circuit protective
conductor, measured during the continuity test method 1 or ring
circuit continuity test step 3.

For consumer units or distribution boards not at the origin, confusion can arise over
the term 'external earth fault loop impedance' (Ze) and some prefer to write or note
the earth fault loop impedance at the distribution board as Zgp. As this value is not
external to the installation, the formula is modified to:

Zs=1Zdb + (R1 + Rp)
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Circuit-breakers and residual current devices

The test (measuring) current of earth fault loop impedance testers may trip some
types of 6 A Type B circuit-breakers and any RCD protecting the circuit. So, this will
prevent a measurement being taken and may result in an unwanted disconnection of
supply to the circuit under test.

Instrument manufacturers can supply loop testers that are less liable to trip RCDs by
either limiting the test current (to less than 15 mA) or by DC biasing (this technique
saturates the core of the RCD prior to applying the test).

Measurement of external earth fault loop impedance, Z.

The external earth fault loop impedance, Ze, is measured using an earth fault loop
impedance tester at the origin of the installation. The impedance measurement is
made between the line conductor of the supply and the means of earthing with the
main switch open or with all the circuits isolated. The means of earthing must be
disconnected from the installation MET for the duration of the test to remove parallel
paths. Care should be taken to avoid any shock hazard to the testing personnel and
other persons on the site both whilst establishing contact, and whilst performing the
test.

ENSURE THAT THE EARTH CONNECTION HAS BEEN RECONNECTED BEFORE
THE INSTALLTION IS ENERGISED (OR RE-ENERGISED).

See Figure 2.10 for test method connections.
Instrument; Use an earth fault loop impedance tester for this test — see Section 4.5.

V¥ Figure 2.10 Example test of Ze at the origin of a small installation

main switch (open)

test instrument

As previously mentioned, the measured Ze can be used to add to circuit (R + R2)
values.

Determining external earth fault loop impedance, Z, by enquiry

The external earth fault loop impedance, Ze, can be determined by enquiry to the
electricity distributor. However, if this is relied upon, a test must be made to ensure
that the distributor's earth terminal is actually connected with Earth, using an earth
fault loop impedance tester to verify that the intended means of earthing is present
and of the expected value or a test lamp.
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Verification of earth fault loop impedance test results

643.1 It is important to recognise that BS 7671 requires the inspector not only to test the
installation but also to compare the results with relevant design criteria (or with criteria
within BS 7671). This may seem obvious, but it is not uncommon for some inspectors
to pass test information back to their office without making the necessary comparisons,
possibly assuming that the office or someone else will check the results; the office
might then assume that the inspector has checked the results against criteria, but no
one has!

Values of Zs should be compared with one of the following:

(a) for standard thermoplastic (pvc) circuits, the values in Appendix A of this
Guidance Note
fable 412 (b) earth fault loop impedance figures provided by the designer. See also Appendix
Table 41.3 A, which provides information on how to correct measured results for ambient
Table 41.4 temperature as this may not have been done by the designer (the inspector will
need to clarify this point)

(c) tabulated values in BS 7671, corrected for temperature. See Appendix A,
which provides information on how to correct measured results for ambient
temperature

(d) using a factor of 0.8, see Appendix A2.

Appendix A provides a formula for making temperature adjustments, together with a
worked example.

643.7.3.201 2.6.17 Prospective fault current, I

a34.1 Regulation 434.1 requires the prospective fault current to be determined at every
relevant point of an installation for design purposes, and Regulation 643.7.3.201
requires that the prospective fault current under both short-circuit and earth fault
conditions, be measured, calculated or determined by another method, at the origin
and at other relevant points in the installation for confirmation.

Regulation 643.7.3.201 introduces the requirements of Regulation 434.1 into the
testing section, the designer being required to determine the prospective fault current,
under both short-circuit and earth fault conditions, at every relevant point of the
installation. This may be done by calculation, be ascertained by enquiry or be
measured directly using an instrument (inspection). The expression 'every relevant
point' means every point where a protective device is required to operate under fault
conditions, and includes the origin of the installation. Appendix 14 provides some
further guidance on these requirements.

The inspector must have knowledge of the design in this respect as, for example, if the
switchgear at the origin of an installation is suitably rated for prospective fault current
and switchgear of similar short-circuit rating is used downstream of that point, then no
further checks are necessary. This is because the magnitude of the prospective fault
current decreases with increasing distance downstream of the origin, assuming that
there is not another source of supply, such as a generator, connected to the installation
at a point other than the main supply terminals of the installation. Any fault current
contribution from a generator must be included if the generator can operate in parallel
with the supply. If a generator or other source can supply the installation in place of
the normal supply generally fault currents will be significantly lower and the protection
may take longer to clear a fault making it possible that the 12t contribution could cause
thermal damage to some cables or equipment.
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Regulation 434.5.1 requires that, except where back-up protection is provided by
another device in accordance with the second paragraph of that regulation, the breaking
capacity rating of each protective device shall be not less than the prospective fault
current at its point of installation. The term prospective fault current includes the
prospective short-circuit current and the prospective earth fault current. The maximum
prospective fault current at the point of installation of a protective device is the greater
of these two prospective fault currents at that point, which should be determined and
compared with the breaking capacity of the device.

With the power on, the maximum value of the prospective short-circuit current
can be obtained by direct connection of the instrument between live conductors at
the protective device at the origin or other relevant location within the installation. Both
two-lead and three-lead instruments capable of determining prospective fault current
are available and it is important that any instrument being used is set on the correct
range and connected in accordance with the manufacturer's instructions for its use.
Failure to do so could be dangerous, could result in damage to the instrument and
might result in misleading readings being obtained.

Instrument: Use the prospective fault current range of a suitable earth fault loop
impedance tester for this test — see Section 4.5 (final paragraph).

With some instruments, the voltage between line conductors cannot be measured
directly. Where this is the case, it can be assumed that for three-phase supplies
the maximum balanced prospective short-circuit level will be, as a rule of thumb,
approximately twice the single-phase value. This figure errs on the side of safety.

Where an instrument is rated for the higher voltage a more accurate prospective fault
current measurement, for a 3 phase installation, can be obtained by measuring the
line to line fault current and dividing the measured result by 0.87.

Prospective earth fault current may be obtained with the same instrument. Again, care
must be taken to ensure that the instrument is set correctly and connected as per the
manufacturer's instructions for use.

The values obtained should be compared with the breaking capacity of the appropriate
protective device. The breaking capacity of the protective device should be greater
than the highest value of prospective fault current obtained using the instrument.

Whichever is the greater of the prospective short-circuit current and the prospective
earth fault current obtained should be recorded on the Electrical Installation Certificate,
Electrical Installation Condition Report and the Schedule of Test Results as appropriate.

If the measured value of prospective fault current appears to exceed the fault current
rating for the equipment or protective device further consideration must be given to
the current limiting effect of any upstream protective devices and the ability for the
source of supply to deliver the indicated prospective fault current. The maximum value
of prospective fault current for an installation will be with the installation unloaded and
the conductors at ambient temperature.

For a three-phase system, the prospective three-phase short-circuit current will always
be larger than the single-phase line to neutral or earth fault currents.
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Rated short-circuit breaking capacities of protective devices
The rated short-circuit capacities of fuses, circuit-breakers to BS EN 60898 and BS

3871 (now withdrawn) and RCBOs to BS EN 61009 are shown in Table 2.8. Note
that BS 3871 identified the short-circuit capacity of circuit-breakers with an 'M' rating.
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¥ Table 2.8 Raied short-circuit capacities of protective devices

* Two short-circuit capacity ratings are defined in BS EN 60898 and

BS EN 61009:
len the rated short-circuit capacity (marked on the device)
les the service short-circuit capacity.
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The difference between the two short-circuitratings described above is the condition
of the circuit-breaker after manufacturer's testing.

len is the maximum fault current that the device can interrupt safely, although its
characteristics may have been altered and it may no longer be usable.

les is the maximum fault current that the device can interrupt safely without loss of
performance.

The len value is marked on the device in a rectangle, for example, 6000 and for the
majority of applications the prospective fault current at the terminals of the circuit-
breaker should not exceed this value.

For domestic instaltations the prospective fault current is unlikely to exceed 6 kA, up to
which value len will equal Ies. (For domestic installations the DNO may specify a higher
fault current value ~ perhaps up to 16 kA — but this level is rapidly reduced through
the impedance of the supply cables)

For swilchgear, the relevant fault current (short-circuit) rating of the switchgear (or
assembly) should be equal to or exceed the maximum prospective fault current at the
point of connection to the system. For non-domestic installations on the public supply
network this information will have to be obtained from the local DNO.

The terminology to define the short-circuit rating of an assembly is given in the BS EN
61439 series of standards as follows:

(a) rated short-time withstand current lew
(b) rated peak withstand current Ipx
(¢} rated conditional short-circuit current |ec.

Further details are provided in IET Guidance Note 2.

Where a service cut-out containing a cartridge fuse to BS 88-3 (formerly BS 1361)
supplies a consumer unit which complies with BS 5486-13 or BS EN 60439-3 Annex
ZA, then the short-circuit capacity of the overcurrent protective devices within consumer
units may be taken to be 16 kA.

Fault currents up to 16 kA
Except in London and some other major city centres, the maximum fault current for
230 V single-phase supplies up to 100 A is unlikely to exceed 16 kA.

The short-circuit capacity of overcurrent protective devices incorporated within
consumer units may be taken to be 16 kA where:

(a) the consumer unit complies with BS EN 61439-3:2012
(b) the consumer unit is supplied through a type Il fuse to BS 1361:1971 rated at
not more than 100 A, on-a single-phase supply with a nominal voltage up to

Recording the prospective fault current

Both the Electrical Installation Certificate and the Electrical Installation Condition
Report contain a section headed Nature of Supply Parameters, which requires the
prospective fault current at the origin to be recorded. The value to be recorded is the
greater of either the short-circuit current (between live conductors) or the earth fault
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current (between line conductor(s) and the main earthing terminal). If it is considered
necessary to record values at other relevant points, they can be recorded on the
Schedule of Test Results. Where the protective devices used at the origin have the
necessary rated breaking capacity, and devices with similar breaking capacity are used
throughout the installation, it can be assumed that the Regulations are satisfied in this
respect for all distribution boards (provided there is not another source of supply, such
as a generator, connected to the installation at a point other than the main supply
terminals of the installation).

2.6.18 Phase sequence testing

Regulation 643.9 verification that the phase sequence is maintained for multiphase
circuits within an installation. In practice, this will be achieved by checking polarity
and connections throughout the installation. Whilst the Regulation requires phase
sequence to be maintained throughout the installation this should not be confused
with phase rotation.

Phase sequence may be confirmed, with the installation/circuits isolated using
continuity testing as carried out for continuity of conductors. This may be carried out
using the same method as Ry + R2 testing.

¥ Figure 2.11 All possibilities of swapping any two wires
Original 1-2-3

phase rotation  (wires 1and 2 swapped) ~ End result
phase rotation = 2-1-3

S
2 1

{wires 2 and 3 swapped)
phase rotation = 1-3-2

2 b 3
3 2
(wires 1 and 3 swapped)
phase rotation = 3-2-1

: i
NV N,

Optionally and occasionally, the inspector may wish to check phase sequence by using
a phase rotation tester, either:

(a) rotating disc type; or

(b) indicator lamp type.

Instruments containing both of the above forms of indication are also available.

Various types exist, a rotating disc, an electronic LCD equivalent or other means of
indication. Generally, coloured or labelled leads are connected to the installation and if
the phase sequence/rotation is correct the indication confirms this.
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In the case of a rotating disc type instrument, the disc will be rotating either clockwise
or anticlockwise.

Some Approved Voltage Testers have a phase rotation facility built in to them. They
offer an increase in safety over standard 3 wire phase rotation testers as they do not
require the inspector to attach the wires to the installation as they only require 2
phases to be probed with the hand held probes.

With the indicator lamp type either the L1/1.2/L3 (formerly R/Y/B) lamp or the L1/L3/
L2 (formerly R/B/Y) lamp will be illuminated.

Both types of phase sequence indicator can also be used to verify phase sequence/
direction of rotation at the supply terminals to motors and to confirm the correct
labelling/identification of plain conductors.

2.6.19 Operation and functional testing of RCDs
The operating times of RCDs are required to be tested in the following circumstances:

(a) where they are relied on for disconnection for compliance with Chapter 41
(b) where they are installed as additional protection as specified in Chapter 41.

Where RCDs are installed with circuit-breakers and the circuit has the characteristics
to satisfy Chapter 41 without the RCD, then testing of the RCD is not essential unless
it is specified for additional protection. (As noted previously, such specification details
must be provided to the inspector before the start of the inspection and testing work)
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Operation of residual current devices
For each of the tests, readings should be taken on both positive and negative half-
cycles and the longer operating time recorded.

Prior to these RCD tests it is essential, for safety reasons, that the earth fault loop
impedance is tested to check the requirements have been met.

Instrument: Use an RCD tester for these tests, see Section 4.7.

Test method

The test is made on the load side of the RCD between the line conductor of the protected
circuit and the associated cpc. The load should be disconnected during the test. These
tests can result in a potentially dangerous voltage on exposed-conductive-parts and
extraneous-conductive-parts when the earth fault loop impedance approaches the
maximum acceptable limits. Precautions must therefore be taken to prevent contact
of persons or livestock with such parts.

The operating time should be no greater than those stated in Table 41.1 (Regulation
411.4.5) for final circuits and 5 seconds-for distribution circuits unless supplementary

bonding has been applied in accordance with Regulation 419.3.

¥ Table 2.9 Operational tripping times for various RCDs

Device type Non-time delayed Time delay

maximum operating  operating time at

time at 100 % rated 100 % rated tripping

tripping current, IAn current, | An (ms)
(ms)

BS 4293 200 {(05t0 1.0) x time delay} + 200

BS 61009 (RCBO) 300 130 to 500 S type

Additional protection

Where an RCD with a rated residual operating current, Iap, not exceeding 30 mA is
used to provide additional protection in the event of failure of basic protection and/or
failure of the provision for fault protection or carelessness by users, the operating time
of the device must not exceed 40 ms at a test current of 5 Ian. The maximum test
time should not exceed 40 ms, unless the protective conductor potential rises by less
than 50 V. (The instrument supplier will advise on compliance.)

Integral test device

An integral test device is incorporated in each RCD. This device enables the functioning
of the mechanical parts of the RCD to be verified by pressing the button marked 'T'
or 'Test!,

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, or
(b) any earth electrode or other means of earthing, or
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Table 4Ab

(¢) any other part of the associated installation earthing, or
(d) the sensitivity of the device.

The RCD test button will only operate the RCD if it is energized.

2.6.20 Other functional testing

Other equipment, including switchgear, controls and interlocks, should also be
functionally tested - that is, operated to confirm that they work and are properly
installed, mounted and adjusted.

The settings on all adjustable relays and controls etc should be checked to see that
they align with the designers proposed requirements. RCD test buttons should be
operated to see that the RCD trips.

Arc fault detection devices (AFDDs) have been introduced in the 18th edition of
BS 7671 (532.6). There are two general types — some have a test button and the
others do not. Functional testing can only be carried out by pressing the test button,
there is no means of functionally testing the other type.

Circuit breakers should not be used as lighting switches on a regular basis (as in some
warehouses) unless they are approved by the manufacturers for such use.

2.6.21 Verification of voltage drop

Verification of voltage drop is not normally required during initial verification and it is
usually sufficient to check that voltage drop calculations have been undertaken and the
design voltage drops are within the limits required in BS 7671.

Where it may be necessary to verify that voltage drop does not exceed the limits stated
in relevant product standards of installed equipment, BS 7671 provides guidance to do
so. Where no such limits are stated, voltage drop should be such that it does not impair
the proper and safe functioning of installed equipment.

Voltage drop problems are quite rare but the inspector should be aware that long
runs of circuit conductors and/or high currents can sometimes cause voltage drop
problems.

Accurate measurement of voltage drop within an installation is not practical as this
would mean measuring the instantaneous voltage at both the origin and at the point of
interest simultaneously, together with the instantaneous load current. An indication of
volt drop can be obtained to ensure that it is not excessive for the proper functioning
of the equipment by simple voltage measurement at the equipment terminals with
the installation fully loaded.

Voltage drop may be determined by measurement of the combined live conductor
resistance and calculation using this value and the full load current of the equipment
with compensation for conductor temperature difference for measured and operating
conductor values. This will determine voltage drop within the circuit, which can then
be used to verify compliance.

Appendix 4 of BS 7671 gives maximum values of voltage drop for lighting and for other
uses, depending upon whether the installation is supplied directly from a public LV
distribution system or from a private LV supply.
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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 a manufacturer.

2.6.22 Verification in medical locations

The installation and testing of installations in medical locations is very much a specialist
area and only the general requirements of BS 7671 are covered in this Guidance Note.
Initial verification is carried out by an inspection and functional tests of the isolation IT
system equipment including the insulation monitoring devices. Testing is required to
measure the leakage current of the output circuit of medical IT isolating transformers
and measurement of the resistance of the supplementary equipotential bonding.

2.6.23 Verification of protection of low voltage installations against
temporary overvoltages due to faults in the high voltage or
low voltage system

The protection referred to in this section of the Guidance Note is the subject of
Section 442 of BS 7671. For more information, see IET Guidance Note 1.

Temporary overvoltages due to a high voltage system fault

Regulations 442.2.1 and 442.2.2 give the requirements concerning the magnitude and
duration of temporary overvoltages occurring due to a fault in the HV system (typically
11 kV) supplying the substation from which the low voltage installation is supplied.

Regulation 442.2.3 points out that the requirements of Regulations 442.2.1 and
442.2.2 are deemed to be met if the low voltage installation is supplied from a system
for distribution of electricity to the public. This assumes that the public electricity
supply distribution system is appropriately designed and constructed, as is the case
in Great Britain. Where this is the case, there is no need for the inspector to check
compliance with Regulations 442.2.1 and 442.2.2.

Where the low voltage installation is supplied from a privately-owned substation, the
design responsibility for complying with Regulations 442.2.1 and 442.2.2 rests with
the designer(s) of the substation and the associated low voltage distribution network
up to the incoming terminals of the low voltage installation. The inspector will need to
be in possession of sufficient information provided by this party (or parties) about the
intended means compliance, to enable him or her to verify, so far as is reasonably
practicable, that these means have been properly put into effect. Matters to be checked
by the inspector include:

(a) that the high voltage and low voltage earthing arrangements of the substation have
been correctly installed and that their resistances to Earth meet the designer's
requirements

(b) that the high voltage earthing and low voltage arrangements are interconnected
or, where appropriate, separated, according to the designer’s requirements

(c) that any global earthing system or additional connections with Earth in the LV
network that are relied on for safety are in existence and properly installed, and
that the resistance of connections with Earth meets the designer's requirements

(d) that the rated currents and settings of protective devices are as intended by the
designer.
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Temporary overvoltages due to a low voltage system fault

Regulations 442.3, 442.4 and 442.5 require consideration to be given to the stress
voltages that would occur in an installation in the event of loss of the neutral conductor
ina TN or TT system, an earth fault in an IT system with distributed neutral, or a short-
circuit between a line conductor and a neutral conductor.

In practice there is usually little that installation designer and constructor can do to meet
the requirements of these regulations beyond selecting and installing equipment with
appropriate insulation voltage ratings, such as 600/1000 V cables for an installation
of nominal voltage 230/400 V. The inspector should check that this has been done.

2.6.24 Verification of protection against overvoltages of atmospheric
origin or due to switching

The protection referred to in this section of the guidance note is the subject of
Section 443 of BS 7671. For more information, see IET Guidance Note 1.

Irespective of whether the electrical designer has chosen to specify surge protective
devices (SPDs), the inspector should check that all electrical equipment of the
installation has been so selected and installed that, according to its product standards,
it provides at least the applicable value of rated impulse voltage referred to in Table
443.2 of BS 7671. The values of rated impulse withstand voltage that table are given
according to which Category, 1, II, Il or IV, the equipment falls into and according to
the nominal voltage of the installation. Table 443.2 of BS 7671 gives examples of
equipment falling into each of the categories.

Where protection against overvoltages by the use of SPDs has been specified by the
designer, the inspector should check that they have been selected and installed in
accordance with the designer's requirements or otherwise in accordance with
Section 534 of BS 7671.

The inspector needs to verify that SPDs have not become expired or defective by
ensuring that indicator lights are correctly illuminated or the coloured flag or flags on
the device indicate they are serviceable.

2.6.25 Verification of measures against electromagnetic
disturbances

Inspectors should familiarise themselves with the section on avoidance and reduction
of electromagnetic disturbances, Section 444 of BS 7671. For more information, see
IET Guidance Note 1.

It should be noted that compliance with EMC requirements in BS 7671 and in The
Electromagnetic Compatibility Regulations 2016 is something that is not verified
by testing. The ethos of achieving electromagnetic compatibility is in design (with
possibly some of the mitigating effects) and product conformity, along with good
installation practice, This is shown by way of storing information on the design criteria.
The information that would need to be retained for the “design file” (which needs to
be retained by the "responsible person”, which under the 2016 EMC Regulations is the
Installer) might include:

(a) For a small or simple installations consisting solely of CE-marked equipment
complying with the EMC Regulations 2016:
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(i} Product manuals and installation instructions — and evidence of CE marking
of products.

(if) Notes on what was done where instructions could not be followed (if
relevant).

(b) For a large or complex installation, or where the above does not apply:
(i) Manufacturer/importer declarations of conformity, or statements of EMC
standards compliance etc.
(if) Cable and product manufacturer's installation instructions and specifications
(ifi) Design drawings and reports demonstrating:
. design conformity to relevant installation standards, which might
include:
- BS 7671
- BS EN 50310
- BS EN 50174 series
- BSIEC 61000-5-2
- Ftc. (for systems such as emergency lighting, fire alarm and so
on that may have additional EMC requirements as part of their
system standards)

«  Evidence that manufacturer instructions have been followed, or
mitigation measures where they could not be.
e Product selection relevant for the EM environment {(see PD IEC/TR
61000-2- 5)
- For larger installations / multi-use premises, EM environment
Zoning
- Statement of mitigations and residual risk for equipment installed
outside target EM environment

Section 444 specifies additional miligating methods for EMC applied to the design and
instaflation of cables and equipment. Many of these mitigating methads concern the
routing of cables and their distance from other cables, as well as providing equipotential
bonding.

Thus, verification of EMC and compliance with Section 444 is as fallows:

(a) checking the EMC design has been followed with respect to cable routing,
separation distances, enciosure etc.

(b) inspection of cable sheath and screen terminations and, if considered
necessary, continuity checking of these items

(¢) carrying out continuity checks of any additional mitigating bonding network
provided (for example, a local mesh network).

BS IEC 61000-5-2 contains guidance on inspection items for good installation practices
to achieve EMC. BS EN 50310:2016 contains requirements for electrical tests to be
cartied out for bonding networks in buifdings containing information technology and
telecommunications systems.

it should be noted that there are no specific requirements in BS 7671 for either installers
or inspectors to carry out electric field or magnetic field strength measurements,
however, designs for certain installations may require such measurements to be made,
based on assessments carried out at the design stage.
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Periodic inspection 3
and testing

3.1 Purpose of periodic inspection and testing

651.1 The purpose of periodic inspection and testing is to provide an engineering view on
whether or not the installation is in a satisfactory condition where it can continue to
be used safely.

A detailed visual examination of the installation is required, together with appropriate
tests. The tests are mainly to confirm that the disconnection times stated in Chapter 41
are met.

The periodic inspection and testing is carried out, so far as is reasonably practicable,
for:

(a) the safety of persons and livestock against the effects of electric shock and burns;

(b) protection against damage to property by fire and heat arising from an installation |
defect; l

(c) confirmation that the installation is not damaged or deteriorated so as to impair ‘
safety; and

(d) the identification of installation defects and departures from the requirements
of BS 7671 that may give rise to danger.

652.2 For an installation under effective supervision in normal use, periodic inspection \
and testing may be replaced by an adequate regime of continuous monitoring and
maintenance of the installation and all its constituent equipment by skilled persons
competent in such work. It is important in such regimes that maintenance records, with |
references to inspection and testing, are recorded and stored. Such records should |
be available for scrutiny and need not be in the standard IET Electrical Installation
Condition Report format.

3.2 Necessity for periodic inspection and testing

Periodicinspection and testing is necessary because all electrical installations deteriorate
due to a number of factors such as damage, wear, tear, corrosion, excessive electrical
loading, ageing and environmental influences. Consequently:

(a) legislation requires that electrical installations are maintained in a safe condition,
and this lends itself to periodic inspection and testing — see also Tables 3.1 and
5.2

(b) licensing authorities, public bodies, insurance companies, mortgage lenders and
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others may require periodic inspection and testing of electrical installations, as is
for example the case for houses in multiple occupation — see Tables 3.1 and 3.2
() additionally, periodic inspection and testing should be considered in the following
circumstances:
(i) to assess compliance with BS 7671
(ii) on a change of occupancy of the premises (especially rented domestic
accommodation)
(iii) on a change of use of the premises
(iv) after additions or alterations to the original installation
(v) where there is a significant change (increase) in the electrical loading of the
installation
(vi) where there is reason to believe that damage may have been caused to
the installation, as might be the case for example after flooding.

"Reference to legislation and other documents is made below and it is vital that these
requirements are ascertained before undertaking periodic inspection and testing”

3.3 Electricity at Work Regullations
Regulation 4(2) of the Flectricity at Work Regulations 1989 requires that:

As may be necessary to prevent danger, all systems shall be maintained sa as to
prevent, so far as is reasonably practicable, such danger.

Guidance on The Electricity at Work Regulations 1989(HSR25), published by the
Health and Safety Executive, advises that this regulation is concerned with the need
for maintenance to ensure the safety of the system rather than being concerned with
the activity of doing the maintenance in a safe manner, which is required by Regulation
4(3). The obligation to maintain a system arises if danger would otherwise result.
There is no specific requirement to carry out a maintenance activity as such; what is
required is that the system be kept in a safe condition. The frequency and nature of
the maintenance must be such as to prevent danger so far as is reasonably practicable.

There have been many debates as to what “reasonably practicable” means, and
eventually after an accident a court would have to decide the issues. However in
essence, making sure a risk has been reduced as low as reasonably practicable is
about weighing the risk against the sacrifice needed to further reduce it. The decision
should be weighted in favour of health and safety because the presumption is that
the duty-holder should implement the risk reduction measure. To avoid having to
make this sacrifice, the duty-holder must be able to show that it would be grossly
disproportionate to the benefits of risk reduction that would be achieved. Thus, the
process is not one of balancing the costs and benefits of measures but, rather, of
adopting measures except where they are ruled out because they involve grossly
disproportionate sacrifices.

Ultimately under the Electricity at Work Regulations it is the duty holder who is
respansible for the safety of an electrical installation at work, and this leads 1o the
question of who is the duty holder. In the instance of HSWA, s.4, it refers to a person
“who has, to any extent, control of premises”, who may be an identified person with
that specific responsibility within an organisation —~ a landlord, or perhaps a manager
Qr supervisor,

Regular inspection of equipment including the electrical installation is an essential part
of any preventive maintenance programme. This regufar inspection may be carried

Guidance Note 3: Inspection and Testing
© The Institution of Engineering and Technology




341.1

out as required without dismantling (or with partial dismantling, as required) and
supplemented by appropriate testing.

There is no specific requirement to test the installation on every inspection. Where testing
requires dismantling, the inspector should consider whether the risks associated with
dismantling and reassembling are justified. Dismantling, and particularly disconnection
of cables or components, introduces a risk of unsatisfactory reassembly.

It is however easy to decide that it is impractical to dismantle an item of equipment
or that it would introduce a risk of unsatisfactory reassembly but this needs to be
considered against the possible later electrical dangers of not doing so, (for example,
inspecting inside switchgear for signs of overheating). Where ireparable damage would
ensue it can be justified not to inspect (for example, lifting floor tiles to inspect cables
under a floor) but where it is just a matter of a little extra work or inconvenience (for
example, a visual inspection of cables etc in a domestic dwelling loft void) it could be
difficult to justify.

3.4 Design

When carrying out the design of an installation and particularly when specifying the
equipment, the designer should take into account the quality of the maintenance to
be reasonably expected, including the frequency of routine checks and the period
between subsequent inspections (supplemented as necessary by testing).

Information on the requirements for routine checks and inspections should be
provided in accordance with Section 6 of the Health and Safety at Work etc. Act
1974 and as required by the Construction (Design and Management) Regulations
2015. Duty holders and users of premises should seek this information as the basis
on which to make their own assessments. The Health and Safety Executive advise
in their guidance on The Electricity at Work Regulations 1989(HSR25), that practical
experience of an installation's use may indicate the need for an adjustment to the
frequency of checks and inspections. This is a matter of judgement for the duty holder.
In fact, BS 7671 requires the designer of an electrical installation to recommend the
interval to the first periodic inspection and insert the date of that recommendation
on the Electrical Installation Certificate. However, as stated in regulation 341.1 wider
consideration should be given to the expected maintainability of an installation and the
client should be involved, and perhaps the installer too, so any designer would take the
advice of other relevant persons into account. Then, after the first, and further periodic
inspections and tests, the inspector, in conjunction with the client, taking into account
test results and the observations found, will then advise on the period until the next
inspection. However, whatever inspection and testing periods are decided upon must
be justifiable as they may be requested to be justified in the case of an accident etc. It
would not be unreasonable for the inspector to write supporting reasons for the period
that has been advised on to the inspection and test report.

3.5 Routine checks

Electrical installations should not be left without any attention for the periods of years
that are normally allowed between formal inspections. In domestic premises it is
presumed that the occupier will soon notice any breakages or excessive wear and
arrange for precautions to be taken and repairs to be carried out.

Commercial and industrial installations come under the Electricity at Work Regulations
1989 and formal arrangements are required for maintenance and interim routine
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checks (as well as periodic inspections); there should also be facilities to receive wear-
and-tear reports from users of the premises.

The frequency and type of these routine checks will depend entirely upon the nature
of the premises and should be set by the electrical duty holder. Routine checks should
include the items listed in Table 3.1. Table 3.2 (Section 3.7) provides guidance on the
frequency , which may need to be increased as an installation ages.

¥V Table 3.1 Routine checks

‘Operation Operate: _ b
' switchgear (where reasonable

Note that routine checks need not be carried out by an electrically skilled person but
should be undertaken by somebody who is able to safely use the installation and
recognise defects.

There is a general on-going requirement to manage health and safety at work, and
electrical safety is just one area. To ensure that regular routine checks are made on the
electrical installation it may be advantageous in larger premises to combine these with
other regular checks such as emergency lighting and fire alarm inspections, general fire
safety inspections, emergency exit route inspections etc on security patrols. All results
should be noted on a simple form and filed for any future reference.

3.6 Required information

It is essential that the inspector knows and agrees with the client the extent of the
installation to be inspected and any criteria regarding the limit of the inspection. This
should be recorded.

Enquiries should be made to the person responsible for the electrical installation with
regard to the provision of diagrams, design criteria, type of electricity supply (and any
alternative supply) and earthing arrangements.

Where they exist, diagrams, charts or tables should be available to indicate the type and
composition of circuits, identification of protective devices for shock protection, isolation
and switching and a description of the method used for fault protection. Unfortunately
most such records are not kept up to date with changes and additions/removals and
an inspector will initially need to verify the accuracy of any such information provided,
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Where there are no records, in all but the simplest domestic installation an inspector
may first need to spend time tracing installation systems and circuits and producing
basic drawings and schedules before starting any inspection and testing work.

3.7 Frequency of periodic inspections

The time intervals between the recommended dates of periodic inspections and
testing require careful consideration. The date for the first periodic inspection and test
is required to be considered and recommended by the installation designer, based on
their design philosophy and maintenance advice from other parties (Regulation 341.1).
The period for each subsequent periodic inspection is required to be considered and
recommended by a competent inspector as part of carrying out a periodic inspection
and test.

In advising a dutyholder about the time interval for the period for the next recommended
periodic inspection and test, the inspector is required to take into consideration the
individual characteristics of the type of installation and equipment, its condition, use
and operation, any damage and deterioration, any known maintenance and the external
influences to which it is subjected. The results and recommendations of any previous
periodic inspection reports should also be considered.

Typical installation types with suggested initial frequencies for the first periodic
inspection and testing are provided in Table 3.2. The table sets out a suggested initial
frequency for the various routine checks on electrical installations and equipment. It
gives suggested starting intervals for a duty holder to consider when implementing a
maintenance plan for a particular installation. It must be remembered that “routine
checks" and "periodic inspection and testing” by a competent inspector are only a part
of the requirement for maintenance and the duty holder has a continuing on-going
responsibility for the safety of an installation

Note: Dutyholders are reminded of the requirements of Regulation 4(2) of The Electricity at
Work Regulations, 1989 — undertaking routine inspection and testing of their installations
will assist in meeting this duty.

The suggested initial frequencies for inspection and testing given in Table 3.2 are
recommendations and not legal requirements. It is the dutyholders responsibility to
determine when the next periodic inspection is undertaken. Dutyholders should take
appropriate advice from specialists where necessary, to assess the conditions affecting
their installation which may lead to defects, potential damage and/or deterioration
that will affect safety when making this decision. Such advice may include routine
checks; manufacturers' or engineers’ advice and guidance, periodic inspection and
testing reports etc, and this information should assist the dutyholder to determine
the maintenance plan for their installation. Over time, and with practical maintenance
experience, it may be possible to extend periodic inspection and testing intervals if
results of routine checks, inspections or tests show that few faults are found and the
installation is not subject to excessive deterioration. However, if faults are common it
may be necessary to reduce intervals or take other action to improve maintenance
and reduce risk. Routine checks and periodic inspection and testing by a competent
inspector are only a part of the requirement for maintenance and the duty holder has
a continuing on-going responsibility for the safety of an installation.

The competent inspector carrying out subsequent periodic inspections may
recommend that the interval to the next inspection be increased or decreased as
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652.2

a result of the findings of their current inspection. For example, the inspector may
recommend an interval greater in instances where an installation has not suffered from
damage or deterioration which would detract from its overall suitability for continued
use. Conversely, it would be appropriate to recommend that the next inspection is
carried out sooner where an installation has clearly not withstood the adverse effects
of its environment and usage well and is not subject to adequate and appropriate
maintenance.

In short, the inspector, being a skilled person, should apply sound engineering
judgement and experience when deciding upon intervals between inspecting and
testing an installation based upon the criteria in Regulation 652 of BS 7671. It must
also be noted that in the event of an accident or dangerous occurrence, the inspector
may be required to justify their decision.

In the case of domestic and commercial premises, a change in occupancy of the
premises may necessitate additional inspection and testing.

The formal periodic inspection and testing should be carried out in accordance with
Regulation 642 supplemented by tests as detailed in Regulation 643. This requires an
inspection comprising a detailed examination of the installation, carried out without
dismantling or with partial dismantling as required, together with the appropriate tests
of Regulation 643 as required to comply with Regulation 651.2.

Where there is an effective management system in place for inspection and preventative
maintenance of the installation (for example where there are competent permanent
on-site maintenance staff) periodic inspection and testing can be replaced by an
adequate regime of continuous monitoring and maintenance of the installation and its
constituent equipment. However appropriate records must be maintained on site to
show that an inspection and preventative maintenance plan is in place and is being
adhered to.

Although periodic inspection and testing is primarily aimed at keeping an electrical
installation in a safe state it can also have other financial benefits such as identifying
possible upcoming equipment failures that could interrupt production, providing advice
on energy saving and reducing running costs. It must also be noted that whilst this
Guidance Note is concerned with periodic inspection and testing for the maintenance
of safety of general electrical installations there are other specialist parts of an electrical
installation such as plant controls, fire alarms and emergency lighting that also require
separate periodic inspection and testing by specialists for the maintenance of safety.
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Notes:

1 Particular attention must be taken to comply with Electricity Safety, Quality and
Continuity Regulations (as amended).

2 Electricity at Work Regulations 1989, Regulation 4 and Memorandum of guidance
(HSR25) published by the HSE.

3 See BS 5266-1:2016 Emergency lighting. Code of practice for the emergency

escape fighting of premises.

Other intervals are recommended for testing operation of batteries and generators.

See BS 5839-1:2017 Fire detection and fire alarm systems for buildings. Code of

practice for design, installation, commissioning and maintenance of systems in

non-domestic premises.

Local Authority Conditions of Licence.

It is recommended that a caravan is inspected and tested every three years,

reduced to every year if it is used frequently (see Regulation 721.514.1 and Fig

721 - Instructions for electricity supply).

8 The person carrying out subsequent inspections may recommend that the interval
between future inspections be increased or decreased as a result of the findings
of their inspection.

9 Medical locations shall have their isolating transformer equipment inspected and
tested for functionality as well as alarms etc.; every third year the output leakage
current of the IT isolating equipment shall be measured.

10 The Landlord & Tenant Act 1985 requires that properties under the Act have their
services maintained. Periodic inspection and testing is the IET recognised method
of demonstrating this.

11 The Management of Houses in Multiple Occupation(: England) Regulations and the
Management of Houses in Multiple Occupation (Wales) Regulations.

1% ]

=] 3

Any fandlord (House in Multiple Occupation (HMO) or other occupancy) may be
considered o have duties under the Hlectricity at Work Regulations due to their
responsibilities under Section 3 of the Health & Safety at Work Act (for example
the common areas of a set of flats). In Scotland the private rented sector has legal
requirements to maintain the electrical installation. Landlords are required by law to
ensure that the electrical installation in a rented property is safe when tenants move
in and maintained in a safe condition throughout its duration and that a HMO has a
periadic inspection carried aut on the property every five years.

(The definition of a HMO is difficult but it hinges on whether the persons living in the
house are related - as in a large family residence — or completely separate as in a
block of flats)

3.8 Requirements for periodic inspection and testing

3.8.1 Scope

The purpose of periadic inspection and testing is to provide an engineering view on
whether or not the installation is in a satisfactory condition where it can continue to

be used in a safe way.

The periodic inspection and test comprises a detailed examination of the installation
together with appropriate tests. The inspection is carried out without taking apart or
dismantling equipment as far as is possible. The tests made are mainly to confirm that
the disconnection times stated in Chapter 41 are met, as welf as highlighting other
defects,
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It is important that the competency of the skilled person carrying out the periodic
inspection and test is of the appropriate level, having gained sufficient education, training
or practical skills, and knowledge to be fully conversant with the type of installation
being inspected and the aspects required of carrying out such an important inspection.
The inspector will, for example, need to be able to inspect switchgear, determine the
age of installation components and recognise signs of their deterioration. As well as
having sufficient visual inspection skills, they will also need to possess good testing
skills and experience of older installations and knowledge of what the resulting data
means in the context of the ongoing safety of the installation.

The requirement of BS 7671 for periodic inspection and testing is for a detailed
inspection comprising an examination of the installation without dismantling, or with
partial dismantling as required, together with the tests of Chapter 64 considered
appropriate by the person carrying out the inspection and testing. The scope of the
periodic inspection and testing must be decided by a suitably skilled person, competent
in such inspection and testing work, taking into account the information and guidance
contained in this section.

3.8.2 Process — prior to carrying out inspection and testing

Prior to carrying out the inspection, the inspector will need to meet with the client or
the client's representative to agree the scope and nature of the work required and the
programme and to highlight likely items that require isolation.

Consultation with the client or the client's representative prior to the periodic
inspection and testing work being carried out is essential to determine the access and
any disruption to the normal work in the premises, health and safety requirements
(dangerous processes may be being carried out), security and access requirements and
fire safety requirements, as well as the degree of electrical disconnection which will
be acceptable before planning the detailed inspection and testing. To assist with this
planning any existing drawings, schedules and documentation of the installation should
be available, and some initial validation of these will be necessary. Also, the extent of
previous maintenance, routine tests and documentation, including the original design
and Electrical Installation Certificate and Certificates for any other electrical works that
have been carried out in the premises, should be provided to the inspector if they are
available.

For safety, it is necessary to carry out a visual inspection of the installation before
testing or opening enclosures, removing covers, etc. 5o far as is reasonably practicable,
the visual inspection must verify that the safety of persons, livestock and property is
not endangered.

3.8.3 General procedure

Note: The following advice is not applicable to domestic or simple installations as the
extent and method of inspection and testing is rudimentary in such installations in
comparison with more complex installations.

Although there are various approaches to carrying out inspection and testing, one
suggested method is to first obtain an overview of the installation, ideally from
diagrams and charts as well as from a simple 'walk round' survey prior to starting the
full inspection. This will enable the inspector to be able to plan the inspection and
identify items that require isolation etc. Most importantly, this initial survey will enable
the inspector to set sample sizes, see Section 3.8.4.
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643.3.2

Where diagrams, charts or tables are not available, a degree of exploratory work may
be necessary so that inspection and testing can be carried out safely and effectively;
this may include a survey to identify switchgear, controlgear and the circuits they
control.

Indeed, for more involved installations without diagrams or charts the dlient should
be advised that such diagrams require producing prior to the inspection and testing
commencing. Alternatively, the inspection can commence in cases where the
inspector considers that it is safe to proceed (this may be limited to visual inspection);
the production of diagrams and charts can be called for on the Electrical Installation
Condition Report.

Note should be made of any known changes in environmental conditions, building
structure, and additions or alterations which have affected the suitability of the wiring
for its present load and method of installation.

During the inspection, the opportunity should be taken to identify dangers which might
aise during the testing. Any location and equipment for which safety precautions may
be necessary should be noted and the appropriate steps taken.

A thorough inspection should be made of all electrical equipment which is not
concealed, and should include the accessible internal condition of a sample of the
equipment. The external condition should be noted and if damage is identified or if
the degree of protection has been impaired, this should be recorded on the Schedule
of Inspections appended to the Report. The inspection should include a check on
the condition of electrical equipment and material, taking into account any available
manufacturer's information, with regard to the following:

(a) safety;

(b) age;

(c) damage and defects:

(d) corrosion and external influence(s);
(e) overloading (signs of);

(f) wear and tear and environment;
(g) change of use of location; and

(h) suitability for continued use.

The assessment of condition should take account of known changes in conditions
influencing and affecting electrical safety, for example plumbing or structural changes.

Where parts of an electrical installation are excluded from the scope of a periodic
inspection and test, they should be identified in the 'Extent and limitations' section of
the Report.

Periodic inspection and testing should be undertaken in such a way as to minimise
disturbance of the installation and inconvenience to the user. Where it is necessary
to disconnect part or the whole of an installation in order to carry out a test, the
disconnection should be made at a time agreed with the user and for the minimum
period needed to carry out the test. Where more than one test necessitates a
disconnection, where possible they should be made during one disconnection period.

A careful check should be made of the type of equipment on site so that the necessary
precautions can be taken, where conditions require, to disconnect or short-out
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electronic and other equipment which might be damaged by testing. Special care
must be taken where control and protective devices contain electronic components.

3.8.4 Setting inspection and testing samples

The inspector must be familiar with setting both inspection and testing sample
sizes as carrying out 100 % inspection or testing in many installations is unrealistic,
uneconomical and unachievable. Information is provided in this section and the
relevant sampling table, Table 3.3.

As pointed out in 3.8.3, one recommended procedure is for the inspector to carry out
an initial walk-round survey to establish initial sample sizes at various points throughout
the installation. The detailed inspection is then started and the sample size is adjusted
upwards if necessary, depending upon the results obtained. Samples should be
selected that are representative of the whole installation. Parts of the installation that,
in the inspector's experience, are more likely to be problematic, should be prioritized.

Discussions of sampling and sample size selection are generally simplified and tend
to be rather simplistic, and in practice matters are usually quite different. As discussed
previously an initial survey of the premises must be carried out, and quite likely, as with
most buildings, different things will have been done to it at various times in its life, and
any samples selected MUST be representative of the whole installation, and it may be
necessary to take seperate samples of the same thing in different areas. For example,
in a factory the condition of a fluorescent luminaire installation in the office area is
unlikely to be representative of the condition of a fluorescent luminaire installation in
the production area, even if they are the same type of luminaire.

Inspectors will require all of their experience in setting sample locations and sizes and
should consider:

(a) approximate age and probable condition of the electrical instaliation in the area
being inspected;

{(b) any electrical installation work carried out since the last inspection and test;

{c) any differences in the installation in the area (part of it may have been refurbished
or taken from another area);

{d) type and usage of the installation or part thereof in that area (part of it may have
been used for another purpose previously);

(e) ambient environmental conditions in the area and any differences in the ambient
environmental conditions over the area;

(f) the apparent effectiveness of ongoing maintenance, it any;

(g) period of time elapsed since previous inspection/testing;

(h) the size of the installation and any differences in the ambient environmental
conditions over the area;

(i) consultation with the installation owner; and

(j) the quality of records such as electrical installation certificates, minor electrical
installation works certificates, previous periodic inspection reports, maintenance
records, site plans/drawings and data sheets relating to installed equipment.

It should be noted that the initial sample size is based only on a walkround and
consultation of records. Further, that what may at first appear to be good, for example,
the quality of maintenance may turn out to be poor during the detailed inspection
and testing.
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¥V Figure 3.1 Suggested procedure for setting initial and adjusted sample sizes

conduct initial
‘walk round’ survey
and establish initial
sample sizes

ul

carry out
inspection and
testing based on
initial sample size

good results intermediate / poor results

increase sample size or
discuss with client

whether a more
in-depthiinvestigation
is required

Where the inspection or testing of a sample yields poor or unacceptable results this
would suggest that similar problems might exist elsewhere in uninspected or untested
items. The inspector will then need to either increase the sampling or refer back to
the client; it may be that the inspector recommends that 100 % testing is carried out
in that area,

The principle of this is indicated in Figure 3.1.

As an example, consider the testing of final circuits at a distribution board with a
sample size of 10 % of the lighting circuits. Suppose that more than one of these
circuits was found to have an unacceptably high earth fault loop impedance, with a
relatively low earth fault loop impedance at the incoming terminals to the distribution
board itself, and that there were no apparent factors to suggest why the final circuit
values were high. It would be remiss to complete the Electrical Installation Condition
Report by using just this 10 % sample and stating that improvements were required
for these circuits. It would be far more appropriate to increase the sample size or to
recommend that all circuits at the distribution board were tested, based on the initial
findings.

I relatively small sample sizes are chosen it is important that these are representative
of the complete installation. Similarly, if a repeat periodic inspection is undertaken
using a sampling system then a different sample, again representative of the complete
installation, must be chosen. Therefore, previous periodic inspection and test records
should be consulted prior to commencement of a sample inspection and test.
Suggested sample sizes for visual inspections are provided in Table 3.3; suggested
sample sizes for testing are discussed in Section 3.10.1 and shown in Table 3.4.
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Appx 6

¥ Table 3.3 Range of samples for inspection

Item Suggested minimum Typical checks

sample size (notes 1, 2)

‘Main switchgear external 100 % Signs of damage,
inspection , S

Ideally 100 9% but not less  Signs of overheating,
inspection of circuit- than 20 % ageing, check tightness of
breaker connections and cable connections

Damage, signs of
overheating

Final circuit accessories B

etween 10 % to 100 %

Notes:

1 Where the inspection of a sample yields poor or unacceptable results this would

suggest that similar problems may exist elsewhere in the uninspected items. The

inspector will then need to either increase the sampling or refer back to the client;
it may be that the inspector recommends that 100 % inspection is carried out in
that area.

100 % where practicable.

3 Generally, it is less appropriate to apply small sample sizing to the inspection
of socket-outlets compared to samples for lighting, as it is more likely that user
equipment will be hand-held and therefore of greater potential risk from electric
shock.

4 Do not 'sample samples! resulting in a very low overall sampled installation.
Samples must be representative. If it is decided to sample, for example, submain
cables at 10 %, then further sampling should not be applied to the final circuit
distribution boards on these circuits.

5 One easy way to remember sampling is to reflect on the fact that where just 10
9% of final drcuits have been inspected, this actually means that 90 % have not
been inspected.

N

Whenever samples are taken and whatever sample size is utilized the inspector must
remember that the requirement of the report is to say whether or not the electrical
installation being inspected (subject to any agreed limitations) is suitable or not for
continued use. The inspector MUST carry out sufficient inspection and testing to allow
them to make that judgement.

3.9 Periodic inspection

3.9.1 Example checklist of items that require inspection

The following is a copy of the checklist in Appendix 6 of BS 7671, which lists items at
various locations within an installation that may require inspection. The items in this
checklist are examples; the list in not exhaustive.
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651.1

651.5

651.2

3.10 Periodic testing

3.10.1 General
The periodic testing is supplementary to the inspection of the installation, see 3.8.1.

The same range and level of testing as for initial testing is not necessarily required, or
indeed possible. Installations that have been previously tested and for which there are
comprehensive records of test results may not need the same degree of testing as
installations for which no such records exist.

Periodic testing may cause danger if the correct procedures are not applied. Persons
carrying out periodic testing must be competent in the use of the instruments employed
and have adequate knowledge and experience of the type of installation, see 3.8.1.

The inspector will need to set a sample size for testing. Notes on the principle of
this are included in 3.8.4, which should be studied together with the guidance on
suggested tests in Table 3.4.

Where a sample test indicates results significantly different from those previously
recorded, further investigation is necessary. Also, if during the course of testing a
sample, significant errors are found that suggest that the same problems might exist
in untested items, the inspector should take appropriate action by either increasing
the sampling or referring back to the client regarding the matter; it may be that the
inspector recommends that 100 per cent testing is carried out in that area. This
principle is mentioned earlier, in Figure 3.1,

3.10.2 Tests to be made

The tests considered appropriate by the person carrying out the inspection should
be carried out in accordance with the recommendations in Table 3.4 and considering
Sections 3.8.1 to 3.8.4 of this Guidance Note.

See Section 2.6 of this Guidance Note for test methods, noting that alternative methods
may be used provided they give reliable results.

V Table 3.4 Testing to be carried out where practicable on existing installations (see notes
1 and 2)

Test Recommendations

Continuity Accessible exposed-conductive-parts of current-using equipment
of protective and accessories (notes 4 and 5)
conductors

Continuity of Where there are records of previous tests, this test may not be
ring final circuit necessary unless there may have been changes made to the ring
conductors final circuit
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Nofes:

1 The person carrying out the testing should decide which of the above tests are
appropriate by using their experience and knowledge of the installation being
inspected and tested and by consulting any available records, see 3.8.4 of this
Guidance Note.

2 Where sampling is applied, the percentage used is at the discretion of the inspector,
see 3.8.4 of this Guidance Note (a percentage af less than 10 % is inadvisable).

3 The tests need not be carried out in the order shown in the table.
The earth fault loop impedance test may be used to confirm the continuity of

protective conductors at socket-outlets and where it is safe to do so, at accessible
exposed-conductive-parts of current-using equipment and accessories.

5 Generally, accessibility may be considered to be within 3 m from the floor or from
where a person can stand.

6 Where the circuit includes surge protective devices (SPDs) or other electronic
devices which require a connection to earth for functional purposes, these devices
will require disconnecting to avoid influencing the test result and to avoid damaging
them.

7 Where an instalation is fully loaded and the conductors are at their normal operating
temperatures measured loop impedance values can be directly compared to the
maximum values of earth fault loop impedance set out in the Tables in Chapter 41
of the Regulations. Loop impedance data for unloaded conductors at 20 °C can
be found in the IET On-site Guide.
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5.10.3 Additional notes on periodic testing

This section provides some notes on the practicalities of carrying out the periodic tests,
particularly within an installation where only partial isolation is practicable.

a  Continuity of protective earthing and bonding conductors, and
earth fault loop impedance testing

If an electrical installation is isolated from the supply, it is permissible to disconnect

protective earthing and bonding conductors from the main earthing terminal in order

to verify their continuity,

Where it is not practicable to isolate an electrical installation from the supply, the
protective earthing or bonding conductors should not be disconnected as, under fault
conditions, the exposed-conductive-parts and extraneous-conductive-parts could be
raised to a dangerous voltage relative to Earth potential. Also, measurement of earth
fault loop impedance at various parts of the installation is, for practical reasons, carried
out with the protective earthing and bonding conductors connected.

A convenient way to carry out the above periodic tests in a large installation could
be to use the wandering lead method to test continuity (see 2.6.5, test method 2)
noting that the conductors were not disconnected for these tests, and to directly
measure eartn fault loop impedance at the same time. With the earthing and bonding
conductors connected the tests confirm connection but not the continuity of the
conductors involved.

Motor circuits

Loop impedance tests on motor circuits can only be carried out on the supply side of
isolated motor controlgear. A continuity test between the circuit protective conductor
and the motor is then necessary.

b Insulation resistance

Insulation resistance tests should be made on electrically isolated circuits with any
electionic equipment which might be damaged by application of the test voltage
disconnected, or only a measurement to protective earth made with the live conductors
connected together.

For most installations the most practical test is an insulation resistance test between
live conductors (connected together) and earth; in practice time does not usually allow
for a line to neutral test.

Check that information/warnings are given at the distribution board of circuits or
equipment likely to be damaged by testing. Any diagram, chart or table should also
include this warning.

The results of insulation testing should be compared with previous results where
possible. Table 2.2 of this Guidance Note (Table 64 of BS 7671) requires a minimum
insulation resistance of 1 MQ, but strictly speaking this value applies only to initial
verification. It can, however, be used as a guide for periodic testing.

Where equipment is disconnected for these tests and the equipment has exposed-
conductive-parts required by the Regulations to be connected to protective conductors,
the insulation resistance between the exposed-conductive-parts and all live parts of the
equipment should be measured separately and ought to comply with the requirements
of the appropriate British Standard for the equipment.
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There is a range of possible outcomes when carrying out insulation testing. Tests are
typically made between all live conductors connected together and Earth at a test
voltage of 500 V DC

The inspector will need to measure the values of insulation resistance for a given
distribution board and then take a view based on his or her engineering judgement
as to whether the results obtained are acceptable. It should be noted that distribution
boards with large numbers of final circuits will generally give a lower insulation
resistance value than distribution boards with fewer final circuits.

¢ Polarity

It should be established whether there have been any additions or alterations to the
installation since its last inspection. If no additions or alterations have been made, the
polarity test is a good example of where sampling can be applied.

For example, the following sampling could be used:

10 % of all single-pole and multi-pole control devices and of any centre-contact
lampholders, together with 100 % of all readily-accessible socket-outlets. If any
incorrect polarity is found then a full test should be made in that part of the installation
supplied by the particular distribution board concermned, and the sample testing
increased for the remainder of the installation (say to 25 %); if additional cases of
incorrect polarity are found in the 25 % sample, a full test of the complete installation
should be made, see Figure 3.1.

d Operation of overcurrent circuit-breakers

Where protection against overcurrent is provided by circuit-breakers, the manual
operating mechanism of each circuit-breaker should be operated to verify that the
device opens and closes satisfactorily.

It is not normally necessary or practicable to test the operation of the automatic tripping
mechanism of circuit-breakers. As such, a test would need to be made at a current
substantially exceeding the minimum tripping current in order to achieve operation
within a reasonable time. For circuit-breakers to BS EN 60898 a test current of not
less than two and a half times the rated tripping current of the device is needed for
operation within one minute, and much larger test currents would be necessary to
verify operation of the mechanism for instantaneous tripping.

For circuit-breakers of the sealed type, designed not to be maintained, if there is doubt
about the integrity of the automatic mechanism it will normally be more practicable
to replace the device than to make further tests. Such doubt may arise from visual
inspection, if the device appears to have suffered damage or undue deterioration, or
where there is evidence that the device may have failed to operate satisfactorily in
service.

Circuit-breakers with the facility for injection testing may be so tested and, if appropriate,
relay settings confirmed.

e Operation of devices for isolation and switching

Where means are provided in accordance with the requirements of the Regulations
for isolation and switching, the devices should be operated to verify their effectiveness
and checked to ensure adequate and correct labelling.
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643.7

643.8

653.1

It should be verified by inspection that easy access to such devices is maintained and
that effective operation is not be impaired by any material placed near the device.
Access and operation areas may be required to be marked to ensure they are kept
clear.

For isolating devices in which the position of the contacts or other means of isolation is
externally visible, visual inspection of operation is sufficient and no testing is required.

The operation of every safety switching device should be checked by operating
the device in the manner normally intended to confirm that it performs its function
correctly in accordance with the requirements of BS 7671.

Where it is a requirement that the device interrupts all the supply conductors, the
use of a proprietary test lamp, or two-pole voltage detector connected between each
line and the neutral on the load side of the switching device is essential to confirm
isolation. Reliance should not be placed on a simple observation that the equipment
controlled has ceased to operate.

Where switching devices are provided with detachable or lockable handles in accordance
with the Regulations, a check should be made to verify that the handles or keys are
not interchangeable with any others available within the premises.

Where any form of interlocking is provided, such as between a main circuit-breaker
and an outgoing switch or isolation device, the integrity of the interlocking must be
verified; this may be beyond the scope of the inspector and something that is referred
to a manufacturer or specialist.

Where switching devices are provided for isolation or for mechanical maintenance
switching, the integrity of the means provided to prevent any equipment from being
unintentionally or inadvertently energised or reactivated must be verified.

f  Operation of RCDs
Fault protection

Where an RCD is provided for Fault Protection the operating time should generally be
no greater than those stated in Table 41.1 (Regulation 411.4.5) for final circuits and 5
seconds for distribution circuits. Unless supplementary bonding has been applied in
accordance with Regulation 419.3.

Additional protection

Where an RCD with a rated residual operating current not exceeding 30 mA is used to
provide additional protection in the event of failure of basic protection and/or failure of
the provision for fault protection or carelessness by users, the effectiveness is deemed
to have been verified where an RCD meeting the requirements of Regulation 415.1.1
disconnects within 40 ms when tested at a current equal to or higher than five times its
rated residual operating current (5 1An) The maximum test time should not exceed 40
ms, unless the protective conductor potential rises by less than 50 V — the instrument
manufacturer will advise on compliance.

3.11 Electrical Installation Condition Report

A model of the report, entitled 'Electrical Installation Condition Report’, is provided
in Appendix 6 of BS 7671 together with some model Schedules of Inspections and
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Part 2

Schedules of Test results. Typical completed forms are given in Chapter 5 of this
Guidance Note.

The full Electrical Installation Condition Report documentation comprises the following:

Electrical Installation Condition Report
and
Schedule of inspections (one or more)
and

Schedule of test results (one or more)

On completion of periodic inspection and testing, the Electrical Installation Condition
Report and its accompanying schedules of inspections and schedules of test results
must be given to the client or person who ordered the inspection.

A most important point to remember is that any damage, deterioration, defects,
dangerous conditions and non-compliance with BS 7671 that may give rise to danger
(danger being a risk or injury to persons or livestock) must be recorded on the report.

There are classification codes C1 to C3 for danger and non-compliances with BS 7671,
these being explained in Table 3.5.

Each separate item entered in the Section K Observations section of the Report should
be coded C1, C2 or C3 as appropriate, or, exceptionally, Fl. Only one classification code
is to be recorded against each observation.

Where an installation defect or non-compliance with the Regulations has attracted a
Code C1, C2 or Fl the overall assessment of the report must be “unsatisfactory”.
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¥ Table 3.5 Classification of danger and non-compliances (for use during periodic inspection
and testing)
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3,12 Periodic inspection of instaliations construcied
fo an earlier edition of BS 7671 or the IEE Wiring
Regulations

People often ask what standard should be applied when carrying out the periodic
inspection of an installation constructed in accordance with an earlier edition of
BS 7671, or an even earlier edition of the IEE Wiring Regulations or to an unknown
standard. Fach edition of the Wiring Regulations has provided for an increase of safety
to the users of installations. Particular installation practices and methods that were
compliant with earlier editions would be considered to be unacceptable now, such as
the use of a public water pipe as a means of earthing, which would be considered as
poterttially dangerous now.

In all cases the inspection should be carried out against the current edition of BS 7671.
It is likely that there will be items that do not comply with that edition but this does
not necessarily mean that the installation is unsafe. If the inspector considers that an
item, aithough not warranting Code C1 or C2, requires improvement, it should be given
code €3 on the Electricat Installation Condition Report. if the item does not require
improvement it does not need to be recorded as an observation.

Reference is made to existing installations both in the second paragraph of the
Introduction to BS 7671:2018 and in the Note by the Health and Safety Executive
which follows the Preface to BS 7671:2018.
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4.7 Instrument standard

BS EN 61010 Safety requirements for electrical equipment for measurement, control,
and faboratory use is the basic safety standard for electrical test instruments.

The basic instrument standard is 8S EN 61557 Elecirical safety in fow voltage distribution
systemns up to 1000 V a.c. and 1500 V d.c. Equipment for testing, measuring or
monitoring of protective measures. This standard includes performance requirements
and requires compliance with BS EN 61010.

In Section 1.1 of this Guidance Note, reference was made to the use of test leads
conforming to HSE Guidance Note GS 38. The HSE always advise only to carry out live
tests that are actually useful and informative so as to minimise danger, so always consider
whether any particular live test is necessary before undertaking it. The safety measures
and procedures set out in GS 38 should be observed for all instruments, leads, probes
and accessaries. It should be noted that some test instrument manufacturers advise
that their instruments be used in conjunction with fused test leads and probes. Other
manufacturers advise the use of non-fused leads and probes when the instrument has
in-built electrical protection, but it should be noted that such electricat protection does
not extend to the probes and leads.

BS 7671 Appendix 14 also recommends that “the measurement should always be
made on the output terminals of a suitably rated protective device, If such a device
is not present then a temporary one should be fitted. Measurement should never be
made where overcurrent pratection is not present between the point of connection
and the transformer. Fused test leads alone do not meet this requirement”. When
unsure a risk assessment should be carried out to establish if fused test leads should
be used.

4.2 Instrument accuracy

The accuracy of a new or repaired instrument should be established to provide a point
of reference. Accuracy is usually confirmed by calibration, but a calibration certificate
may not be supplied with the instrument unless specifically requested. A certificate of
conformity may be provided. This indicates that the instrument's accuracy was verified
as part of the manufacturing process. Such verification follows the same procedure as
calibration, but individual calibration data is not issued.
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A basic measurement accuracy of 5 % is usually adequate. In the case of analogue
instruments, a basic accuracy of 2 % of full-scale deflection will provide the required
accuracy measurement over a useful proportion of the scale.

It should not be assumed that the accuracy of the reading taken in normal field use
will be as good as the basic accuracy. The 'operating accuracy' is always worse than
the basic accuracy, and additional errors derive from three sources:

(a) Instrument errors: basic instrument accuracy applies only in ideal conditions;
and the actual reading accuracy can also be affected by:

(i) Digital instruments
Sources of error: test leads, fused leads, battery condition, ambient temperature,
electrical noise etc.

(ii) Analogue instruments

Orientation of the instrument on older instruments hand cranked units, cranking speed
can aiso affect performance.

(b) Loss of cdlibration: instrurnents should be periodically calibrated following
manufacturer's  recommendations and procedures traceable to National
Standards. Intermediate checks can be made to ensure there are no major
errors in measurement by comparing readings to those obtained from other
instruments, or by the use of a proprietary 'check box' having clearly defined
characteristics.

In all cases the type and frequency of recalibration or checking required should be
as specified by the instrument manufacturer. However, the user should take into
account ambient environmental and usage factors as appropriate. For example, if
an instrument is left in storage at a constant temperature in a dry environment
for fong periods and/or is used infrequently, the user may be able to extend the
recalibration interval. However, if an instrument is roughly handled and is regularly
transported and stored in vehicles, and hence is subjected to fluctuations in
temperature and humidity caused by changes in time of day/night and time of year,
then more frequent confirmation of accuracy would be appropriate.

Instruments should also be subjected to regular checks before use so that errors
caused by deterioration of leads, probes, connectors etc. do not result in inaccurate
readings being recorded when, for example, schedules of test results are compiled.

It is essential that an instrument is inspected for damage and the safety
and the accuracy of an instrument is confirmed after any incidences of
mechanical or electrical mishandling.

() Field errors: the instrument reading accuracy will also be affected by external
influences as a result of working in the field environment. These influences
can take many forms, and some sources of inaccuracy are described in the
appropriate sections.

BS EN 61557 requires a maximum operating error of no mare than £30 % of reading
over the stated measurement range, taking into account worst case environmental,
supply and battery conditions.

To achieve satisfactory in-service performance, it is essential to be fully informed about
the test equipment, how it is to be used, and the accuracy to be expected.
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Typically, in analogue instruments this corresponds to making measurements very near
to the zero point on the scale, where inaccuracies and non-repeatability are not at all
evident with this type of electromechanical movement.

Traceability to National Standards can be assured by using a calibration laboratory
accredited by a National Accreditation Body. In the UK this is the United Kingdom
Accreditation Service (UKAS). A list of accredited laboratories can be found at
www.ukas.com or a search for sources of calibration by instrument can be made at
www.ukas.org/calibration

4.3 Low-resistance ohmmeters

643.2.1 The continuity of conductors and connections to exposed-conductive-parts and
extraneous-conductive parts, if any, shall be verified by a measurement of resistance
on:

(a) protective conductors, including protective bonding conductors; and
(b) in the case of ring final circuits, live conductors.

The instrument used for low-resistance tests may be either a specialised low-resistance
ohmmeter or the continuity range of an insulation and continuity tester. The test current
may be DC or AC It is recommended that it be derived from a source with no-load
voltage between 4 V and 24 V, and a short-circuit current of not less than 200 mA.

The measuring range should cover the span 0.2 Q to 2 Q, with a resolution of at least
0.01 Q for digital instruments.

Instruments conforming to BS EN 61557-4 will meet the above requirements.

Field effects contributing to in-service errors include probe or crock-clip contact
resistance, test lead resistance, AC interference and thermocouple effects in mixed
metal systems.

Whilst contact resistance cannot be eliminated with two-terminal testers, and can
introduce errors, the effects of lead resistance can be eliminated by measuring this
prior 1o a test, and subtracting the resistance from the final value or using the test
instrument's 'nulling’ feature built-in to most modern instruments. Interference from
an external AC source (interference pick-up) cannot be eliminated, although it may
be indicated by vibration of the pointer of an analogue instrument or unstable digital
readout. Thermocouple effects can be eliminated by reversing the test probes and
averaging the resistance readings taken in each direction.

4.4 Insulation resistance testers

The instrument used should be capable of developing the test voltage required across
the load.

The test voltage required is:

Table 64 (a) 250 V DC for SELV and PELV circuits with equipment such as SPDs that may
influence test results or be damaged — but the insulation resistance is to be at
least 1 MQ (643.3.2);
(b) 500 V DC for all circuits rated up to and including 500 V except SELV and PELV
circuits; and
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{€) 1000 V DC for circuits rated above 500 V up to 1000 V.

Instruments  conforming to 85 EN 61557-2 will fulfii all the above instrument
requirements.

When the current is applied by an insulation resistance test what we see as total
current comprises of three parts. When an insufation resistance test is applied to a
test subject, the measurement may be influenced by ditferent circuit characteristics,
for example:

(a) capacitive charging;
(b) absorption or polarisation of the insulation; and
(¢) conduction or leakage currents.

These factors can be reduced or eliminated by extending the test time for which
the test voltage is applied, and can be seen as a steady insulation reading on the
instrument, after an initial rapid increase in value.

Capacitance may be as high as 5 pF, and the instrument should have an automatic
discharge facility capable of safely discharging such a capacitance. Following an
insulation resistance test, the instrument should be left connected until the capacitance
within the installation has been fully discharged.

4.5 Earth fault loop impedance testers

Leop impedance testing is the practice of measuring the impedance of a live circuit,
Typically the circuit voltage, either Line-Neutral, Line-Farth or Line-Line, is first measured
to acquire the off-load voltage. A load is then applied and the new circuit voltage is
measured. The volt drop is used to calculate the impedance of the circuit. Exactly how
this is done differs between manufactures. However all methods can be presented
with electrical conditions that present a challenge to the measurement. Sources of
error can include:

(@) electrical noise and transients;

(b} external load switching;

{c) harmonics;

(d) RCD uplift;

(e) test lead contact resistance;

(f) proximity to the source transformer; and
(g) instrument resolution.

Three types of measurement are typically available, listed in order of preference:

(@) two-wire high current test;
(b) three-wire non-trip test; and
(¢) two-wire non-trip test.

Two-wire high current test:

This is the test that should always be employed unless there is an RCD or RCBO in
the circuit. The load used usually generates between 2 A and 15 A. This is sufficient to
create a measurable voltage drop and consequently a stable and accurate result. The
test usually lasts for no more than 3-4 seconds in total, with the load being present for
no more than 40ms on two consecutive half cycles.
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Test currents higher than 15 A risk tripping scme low current MCBs.
Three-wire non-trip test:

Where there are RCDs or RCBOs present, the Line-Earth fault loop impedance may be
carried out using a non-trip laop impedance test. The load current is significantly small
enough not to trip the RCD. Typically this is around 15 mA. However 15 mA does nol
create a significant volt drop. Consequently many more test cycles are performed, the
test runs for significantly longer, and the results are far more susceptible to variation.

Two wire non-trip test:

The third option on some instruments is a two wire non-trip test. This has the advantage
of not requiring the third test lead to be connected, and is especially useful on some
lighting circuits.

The drawback is that it is the most technically difficult test for the instrument and can
be susceptible to more errors than the three wire test, and should only be used as a
fast resort.

Safety

To minimise electric shock hazard from the potential of the protective conductor during
Line-Earth impedance tests, the test duration should be within safe limits. For two-
wire high current tests, the instrument should cut off the test current after 40 ms or
a time determined by the safety limits derived from the information contained within
DD IEC/TS 60479-1 Effects of current on human beings and livestock. General
aspects, if the voltage rise of the protective conductor exceeds 50 V during the test. On
some installations this threshold may be 25 V, especially where livesiock are present.

Far low current (non-trip) tests the instrument must monitor the earth voltage and
disconnect the test should the earth voltage be exceed.

Sources of error

The lower the load current employed in the test, the more variation and error is
likely in the result as the valt drop is proportionally lower. Distortion or noise on the
supply will also compromise accuracy and repeatability, as the instrument cannot easily
differentiate between a volt drop created by the applied load or a voltage change
induced by noise or harmonics etc. For this reason the test with the higher load
currents should always be used where possible.

Repeating a test is advised if there is concern for the validity of the result, especially
on noisy stipplies.

RCD uplift

This is a phenomenon frequently encountered when performing a two or three
wire Non-trip test. During the test the RCD internal impedance may sometimes be
measured, increasing the overall circuit impedance. This may be as high as 0.5 Q or
more.

RCD uplift can be avoided by choosing an instrument that declares immunity to this
effect. Alternatively, if uplift is suspected, measuring on the source and load sides
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of the RCD will identify any additional impedance within the RCD. This can then be
deleted from the measurement.

This phenomenon is not encountered with high test currents, but these tests wil trip
the RCD during the test, preventing their use.

Transformer impedances can also affect results, as the impedance close to source can
be very reactive rather than resistive. This is only a real issue when measuring close
to the source transformer, but the instrument resolution and accuracy becornes very
significant in this location.

Test lead errors
Test teads can induce errors from:

(a) internal lead resistance;
(b) contact resistance of the probes or clips; and
(¢) internal fusing of the test leads.

As with the fow resistance ohmmeter section earlier, the test lead resistance can be
‘nulled” or may already be accounted for in the instrument. If nat, the lead resistance
should be measured and deducted from future measurement values.

Contact resistance can add significantly to the circuit impedance — ensure probes are
sharp and clips grip tightly.

Fused leads can add significantly to lead resistance. A 500 mA fuse can add as much
as 1.8 Qin a test lead pair. If fused leads are used for loop impedance testing they will
be need to be fused with higher rating fuses, typically 7 A or 10 A fuses, to prevent
the test current rupturing the fuse,

Leads compliant to the HSE document GS38 should be adequate.
Instrument accuracy

Instrument resolution can compromise measurement accuracy, especially at the
lower loop impedances found near the source transformer. When measuring loop
impedances below 0.1 ©, caution should be exercised in the interpretation of the
results, as the instrument accuracy significantly affects measurement values close to
the lowest end of the range.

For example: When attempting to measure a loop impedance of 0.03 €2, an instrument
that declares a +5 % +3 digits on a digital display could give an answer between zero
and 0.06 € and be within its declared accuracy.

Instruments conforming to BS EN 61557-3 will fulfil the above requirements under
most situations.

These instruments may also offer additional facilities for deriving prospective fault
current. The basic measuring principle is the same as for earth fault loop impedance
testers. The current is calculated by dividing the loop impedance value into the nominal
rains voltage. Instrument accuracy is determined by the same factors as for Earth Fault
Loop Impedance testers. In this case, instrument accuracy decreases as scale reading
increases, because the loop value is divided into the mains voltage. It is important to
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note these aspects, and the manufacturer's documentation should be consulted.

4.6 Earth electrode resistance testers

There are three general methods referred to in Chapter 2:

(@) method E1, using a dedicated earth electrode tester (fall of potential, three- or

four-terminal type);
(b) method E2, using a dedicated earth electrode tester (stakeless or probe type);

and
(c) method E3, using an earth fauit loop impedance tester.

The most accurate of these is method E1.

As mentioned in Chapter 2, method E2, the stakeless or probe tester, cannot be used
to measure the resistance of a single earth electrode.

4.7 RCD testers

The trip times of RCDs are required to be verified, to ensure adequate disconnection
under fault conditions.

RCDs are tested by applying a test load to the RCD, inducing a calibrated test current
to flow in the Line-Earth circuit. This creates an imbalance in the Line-Neutral currents
in the RCD and the device trips. The time it takes to trip is then displayed.

The test instrument should be capable of applying the full range of test current to an
in-service accuracy as given in BS EN 61557-6. This in-service reading accuracy will
include the effects of voltage variations around the nominal voltage of the tester.

The range of RCD operating currents supported is generally limited to between 10 mA
and 1 A — exceeding these limits presents severe design and cost implications to the
instrument design.

As with loop impedance testing, the Earth voltage is monitored and prevented from
exceeding the touch voltage limit, either 50 V or 25 V, depending on the requirements
of the location.

RCDs are usually tested to ensure:

(a) they do not trip with fault currents less than 50 % of their operation rating;

(b) they trip in the required time at fault current of 100 % of their operational
rating; and

(¢) they trip in the required time at fault current of 500 % of their operational
rating.

In addition to trip time testing, instruments offer the ability to test the RCD's tripping
current threshold. For this test, a RAMP current is applied from less than 50 % of
the RCD rating to 110 %. The current at which the RCD trips is then displayed - this
identifies if the RCD is overly sensitive and may cause nuisance tripping.

Instruments conforming to BS EN 61557-6 will fulfil the above requirements.
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4.8 Phase rotation instruments

BS EN 61557-7 gives the requirements for measuring equipment for testing the
phase sequence in three-phase distribution systems whether indication is given by
mechanical, visual and/or audible means,

BS EN 61557-7 includes requirements that:

(a) indication shall be unambiguous between 85 % and 110 % of the nominal
system voltage or within the range of the nominal voltage and between 95 %
and 105 % of the nominal system frequency;

(b) the measuring equipment should be suitable for continuous operation;

(¢) the measuring equipment should be so designed that when either one or two
measuring leads are connected to earth and the remaining measuring lead(s)
remain connected to their corresponding line conductors, the resulting total
current to earth should not exceed 3.5 mA rms;

(d) the measuring equipment should not be damaged nor should the user be
exposed to danger in situations where the measuring equipment is connected
to 120 % of the rated system voltage or to 120 % of its rated maximum
voltage range; and

(e) portable measuring equipment should be provided with permanently attached
leads or with a plug device with live parts not accessible, whether plugged or
unplugged.

4.9 Thermographic equipment

Although thermographic surveying is not recognised by BS 7671 as a test instrument,
such equipment can be invaluable in assisting electrical inspections espedially in the
early identification of possible points of overheating in circuits. Therefore some notes
are included here on this type of equipment. It must, however, be remembered
equipment must be operating and “thermally transparent” for a thermographic survey
to be able to see temperature changes.

Important note: It is recommended that persons refer to the requirements of
the Electricity at Worl Regulations 1989 and the HSE's guidance published
in The Electricity at Work Regulations 1989 {HSR25), prior to understaking
any work activity which places themselves or those under their controf in
close proximity to live parts.

It is relatively easy to make arrangements to disconnect small installations such as at
domestic premises from the supply to facilitate periodic inspection and testing.

However, as the size and complexity of an installation increases, isolation from the
supply becomes increasingly difficult. This is particularly true where continuity of
supply has health implications, as may be the case in hospitals and similar premises,
or financial implications as would be the case in banks, share-dealing and commodities
markets and the like. Nevertheless, it remains necessary to confirm the continuing
suitabifity of such installations for use. Therefore they must still be subjected to planned
and preventive maintenance or regular periodic assessment of their condition.

It may well be possible to carry out a thorough visual inspection of such installations
without subjecting the inspector or others in the building to any danger, and such an
inspection may identify many common defects caused by use/abuse. Furthermore,
experience of such installations may provide a valuable insight into commonly occurring
cases of wear and tear.
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Same defects though cannot be discovered by visual inspection alone. For example,
incorrectly tightened connections can result in a high resistance joint which can then
cause a high temperature to occur locally to the connection. if left uncorrected over
time further deterioration of the connection may well occur, leading to a continuing
increase in temperature which may subsequently present a risk of fire. This fire
risk will be significantly increased in installations where a build-up of dust or other
flammable materials can occur in close proximity to the source of heat. It should
also be remembered that increased heat at terminations can result in accelerated
deterioration of the insulation locally. Heating effects symptomatic of a fault or other
problemn within an electrical installation can also occur as a result of cyclicat-load
operations, use of conductors of inadequate current-carrying capacity, incorrect load
balancing and more mechanically related issues such as incorrect alignment of motor
drive couplings and overtightened belt-drives.

A number of manufacturers offer infrared imaging equipment which can be used to
identify such 'hot spots'. Infrared thermography works on the principle that alt materials
emit electromagnetic radiation in the infrared region which can be detected by a
thermal imaging camera.

The amount of radiated energy detected can be presented in a readily usable form,
typically being shown as differences in colour that vary with the temperature being
detected. Figure 4.1 shows a colour/temperature correlation indicator such as those
that may accompany images. Such scales will aid the person ordering the inspection
or responsible for maintenance activities in their interpretation of the thermal images.
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¥ Figure 4.1 A colour/
temperature correlation
indicator

V Figure 4.2
Bolted connections at a
busbar as seen by the eye

> -}. 2 ‘-iE'-"\
V Figure 4.3 Bolted
connections at a busbar

viewed using thermal
imaging

V Figure 4.4 Thermal image
of contactor showing
termination on right is too
hot

¥V Figure 4.5 Thermal image
of contactor after loose
termination has been
tightened

T
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In terms of visual inspection, the busbar connections in
Figure 4.2 appear to be satisfactory.

However, if the same connections are viewed using a
thermal imaging camera (Figure 4.3), it is evident that
the connections to the centre are running significantly
hotter than those to either side.

This higher temperature may indicate a loose connection
or connections, but in this case is probably due to the
centre bar carrying a significantly higher current than
those to each side of it. As such, the person carrying
out the inspection could suggest their client looks
into improving the load balancing of this part of the
installation.

In a further example, Figure 4.4 shows a contactor and
the thermal image has highlighted a potential loose
termination. After this was tightened Figure 4.5 shows
the result, with all three terminations now operating at a
much more uniform temperature.

Whilst the remedial work was being carried out it would
be sensible to inspect the insulation of the conductors in
the terminations to confirm that the insulation remained
effective and had not suffered significant damage.

The requirements of the Electricity at Work Regulations
1989 must be taken into account when considering the
use of thermographic surveying equipment as its use
may necessitate the temporary removal or bypassing of
measures that provide basic protection (as defined in
BS 7671), such as opening doors to electrical panels and/
or the removal of barriers and covers. The requirements
of Regulation 14 (Work on or near live conductors),
which is reproduced as follows, are particularly pertinent:

No person shall be engaged in any work activity
on or so near any live conductor (other than
one suitably covered with insulating material
so as to prevent danger) that danger may arise
unless -

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

(b) it is reasonable in all the circumstances for him to
be at work on or near it while it is live; and

(c) suitable precautions (including where necessary
the provision of suitable protective equipment) are
taken to prevent injury.




The HSE's guidance on the Electricity at Work Regulations 1989(HSR25) recognises
that it may be necessary, in some circumstances, for conductors to remain live during
testing or diagnostic work. However, such work in close proximity to live conductors
may only be carried out if it can be done safely and if all precautions required to allow
it to be done so are put in place. Additionally, the work may only be performed by
persons who are suitably competent with regard to the type and nature of the work
activity being performed, as required by Regulation 16 (Persons to be competent to
prevent danger or injury). HSR25 also makes clear that although live testing may be
justifiable it does not follow that there will necessarily be justification for subsequent
repair work to be carried out live,

Persons carrying out thermographic surveying should:

(a) have sufficient competence to prevent danger and injury;

(b) understand the system being worked on, the hazards that may arise as a result
of the work and the precautions that are required to prevent danger;

(€} be able to identify those parts of equipment being inspected which are, or are
capable of being, live when the supply to the equipment is switched on;

(d) implement all precautions required to prevent injury that have been identified
as part of the risk assessment for the work;

{€) maintain the maximum possible distance from the live or potentially live parts
described above at ail times;

() maintain effective control of the area in which the equipment being inspected
is situated; and

(g) ensure that all protective measures which may have been affected by their
actions when carrying out the inspection work are fully reinstated. All guards
and barriers must be replaced and panel doors, lids and covers must be closed
and secured properly after the inspection is completed.

As previously mentioned, thermographic inspection can be an effective method of
identifying potential defects that may not be identified by a more conventional visual
inspection. However, such thermal surveying should not be seen as a substitute for
periodic inspection and testing, but rather as an additional tool that can be used by
the inspector. Thermographic surveys can be a highly effective means of targeting
preventive maintenance to where it is most required. Defects identified may be factored
into the planned maintenance programime for the instaliation, or where necessary may
justify the remedial work being performed without delay.
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642.3

This chapter provides guidance on completing the necessary schedules, certificates
and reports associated with inspection and testing. Sample certificates and report,
completed with typical entries, are provided together with sample test result schedules
and sample inspection schedules, again completed with typical results.

The chapter also contains some notes on completion of the forms, although helpful
information on this will also be gained by reading earlier chapters of this Guidance
Note.

5.1 Initial verification (inspection and testing) forms

Following the initial verification of a new installation or of an addition or alteration to
an existing installation, an Electrical Installation Certificate is required to be completed
and issued together with inspection schedule(s) and test result schedule(s).

» Form 1 — Electrical Installation Certificate, EIC (three signatory version from
Appendix 6 of BS 7671)

When an Electrical Installation Certificate is used, appropriate numbers of the following
forms are required to accompany the Certificate:

b Form 2 — Schedule of Inspections for domestic and similar premises with up to
100 A supply or a more extensive schedule where necessary - (see below), and
» Form 3 — Generic Schedule of Test Results.

Form 2 is not suitable for inspection of installations rated at more than 100 A or that are
more complex. For such installations the inspector will probably need to formulate their
own inspection schedules. These should be based on the requirements of Regulation
642.3 and the list of examples of items requiring inspection during initial verification,
given in Appendix 6 of BS 7671.

For completeness, two samples of typical completed Form 3s (schedule of test results)
are included, one being for a single-phase installation and the other for a three-phase
installation.
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5.2 Minor works

The complete set of forms for initial verification (inspection and testing) may not
be appropriate for minor works. When an addition to an electrical installation does
not extend to the installation of a new circuit, the Minor Electrical Installation Works
Certificate may be used. This one page certificate is intended for such work as the
addition of a socket-outlet or lighting point to an existing circuit, or for a repair or
modification to each circuit worked on Consequently, where three circuits are worked
on, for example, three Minor Electrical Installation Work Certificates would have to be
issued; or all of the work could be detailed on an Electrical Installation Certificate,

A Minor Electrical Installation Works Certificate must not be used for the replacement
of a consumer unit,

The Minor Electrical Instalfation Works Certificate (Form 4) is included and is taken
from Appendix 6 of BS 7671. Notes on completion and guidance for recipients are
provided with the form.

5.3 Periodic inspection and testing

The inspection and testing of an existing electrical installation is reported an using an
Electrical Installation Condition Report (EICR), see Form 5. And, just like with an EIC,
this document is issued with the appropriate number of Generic Schedule(s) of Test
Results {Form 3).

For periodic inspections the Schedule of Inspections for initial verification, i.e. Form 2,
should not be used but the dedicated model suggested in BS 7671 as shown in Form
6, may be used for inspections of domestic installations and installations up to 100 A.
For larger and more complex installations the inspector will need to formulate his/her
own inspection schedules. These should be based on the requirements of Regulation
642.3 and the list of examples of items requiring inspection for an Electrical Instaliation
Condition Reports, given in Appendix 6 of BS 7671.
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5.4 Model forms for certification and reporting

ELECTRICAL INSTALLATION CERTIFICATE S i, GBS 513 1
(REQUIREMENTS FOR ELECTRICAL INSTALLATIONS - BS 7671 [IET WIRING REGULATIONS]) '

DETAILS OF THE CLIENT
UMEDIROBEEES | e A

23 Acacia Avenue, SOMETOWN Postcode: .SL2.QLT.......
INSTALLATION ADDRESS,
Uit 3, The Quadrant... .
Sometown. Business.Park _

SOMETOWN Postcode: .Skt QZZ ...

DESCRIPTION AND EXTENT OF THE INSTALLATION
Description of installation: New installation 13/

Complete electrical installation to new 2 floor office building
Extenl of installation covered by this Cerlificate:

Complete electrical installation, comprising main switchboard, | Aedlenoss ]
sub-main and distribution boards. To include all power and L
lighting cireuits but excluding car-park lighting - which is

i : R Alteration to an
supplied from adjacent building. oxlting nsiallation )
(Use conlinuation sheet if necessary) see continualion sheet No: ........
FOR DESIGN

1/We being the person(s) responsible for the design of the electrical installation (as indicated by my/our signalures below), particulars
of which are described above, having exercised reasonable skill and care when carrying out the design and additionally where this
cerlificate applies lo an addition or alleration, the safety of the existing installalion is not impaired, hereby CERTIFY that the

design work for which liwe have been responsible Is to the best of my/our knowledge and belief in accordance wilh

BS 7671:2018, amended to 2218 (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 permitled exceplions (Regulation 411.3.3), Wreramietiaasiiz ek assessmenls) st b2 aladhed o this Cedfcats.

None )
Risk assessment attached []

The extent of liability of the signalory or signatories is limited lo the work described above as the subject of this Cerlificate.

For the DESIGN of lhe installation: **(Where there is mutual responsibility for the design)
signature: .. 2. Jones Date207/4=2018)2me (IN BLOCK LETTERS): -..c0. D.JONES . Designer No 1
signature:  NEA i DALE e Name (IN BLOCK LETTERS): . evveruee. DiESignEr No 2

FOR CONSTRUCTION

| being the person respansible for the construclion of the eleclrical installation (as indicated by my signature below), parliculars 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 20 1.8 (dale) except for lhe depariures, if any, detailed as follows:

Details of departures from BS 7671 (Regulations 120.3 and 133.5): None

The extent of liabilily of the signatory is limited to the work described above as the subject of this Certificate.
For CONSTRUCTION of the installation:

Signature: TSMfﬂ/\ Date:
FOR INSPECTION & TESTING

| being the person responsible for the inspection & testing of the electrical installation (as indicated by my signature below), particulars
of which are described above, having exercised reasonable skill and care when carrying out the inspection & testing hereby CERTIFY
that the work for which | have been respansible is to the best of my knowledge and belief in accordance with BS 7671:2018, amended
020 1. &(dale) except for the deparlures, if any, detailed as follows:

Name (IN BLOCK LETTERS): ..... TSMITH ....................... Constructor

Details of departures from BS 7671 (Regulations 120.3 and 133.5): None

The exlent 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:

| Signature: LG Wilson  pate: .2e/e1/2028 Name (N BLOCK LETTERS): .. G WILSON. ...
NEXT INSPECTION
IWe the designer(s), recommend that this installation is further inspecled and tested after an interval of not more than ..
years/menths:
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Form 1 No. 222213

PARTICULARS OF SIGNATORIES TO THE ELECTRICAL INSTALLATION CERTIFICATE
Designer (No 1)
Name: .2 Jones Company: . The. Electrical. Desngn Partnership
Address: 2.2 High
S Y Tel No: 040004494494

METO \ . ""F'oslccde SL

Designer (No 2)
(if applicable)

Name: ...... Company: ....

Address:
Constructor

Name: .....,

Addfess
Inspector

Name: . Cf WIISOH o Company: ..CounEY. El’eCtV!CS

Address 2. abty s

i Postcode
SUPPLY CHARACTERISTICS AND EARTHING ARRANGEMENTS
Earthing Number and Type of Live Nature of Supply Parameters Supply Protective Device

arrangements Conductors
TN-C |:| AC E/ pc O Nominal voltage, U / U " 4Q0/232 v | BS (EN) x.
TN-S 1-phase, 2-wire [ | 2-wire [] Nominal frequency, f* _........ 82 Hz | Type ....... ype.ll.
TN-C-§ M/ 2phase, 3-wire [1 | 3-wire [] Prospeclive faull current, 1,” ...1.5 kA
I 3phase, 3-wire [, | Other [ External loop impedance, Ze® 2,30 ¢ | Rated current .1QQ A
IT |:| 3 phase, d-wire [ | note: (1) by enquiry '

Confirmation of supply polarity [m] (2) by enquiry or by measurement)

Other sources of supply (as detailed on attached schedule) [J

PARTICULARS OF INSTALLATION REFERRED TO IN THE CERTIFICATE

Means of Earthing Maximum Demand

- o e E( Maximum demand (load) ...................... Q. 4/ Amps Pl a5 appropriata
Distributor's facility Detarls of lnstallatlon Earth Electrode [where appﬂcab.‘e)
Installation earth Type (e.qg. rad(s), tape etc) ...
electrode O Location ...........

Electrode resmlance ln Earth

Main Protective Conductors
Earthing conductor Material COPP&V 088 ... df...mm® | Connection / continuity verified [7]
Main protective bonding
conductors Material ........ Copper..... csa .....Bf.mm® | Connection / continuily verified E{
to extraneous-conductive-parts) 2
To water inslallation pipes [ To gas installation pipes M | To oil installation pipes L] [ To struclural steel []
To lightning protection [J I Toother [ Specify ...occcoovvcicviiiieiecieeisiinsinns
Main Switch / Switch-Fuse [ Circuit-Breaker / RCD
Location Main. switchroom.... | Curentrating ... @@ A | If RCD main switch
....... adjacent..mcaption,,ar_ea Fuse / device rating or setling M/A.A | Rated residual operating current (1,n) M{A..mA
BS(EN) ......e0R947=A.. ... | Vollageraling ...............400.V | Rated time delay .. -
No of pules sviaigeass s Measured nperatmg tlme

COMMENTS ON EXISTING INSTALLATION (in the case of an addilion or alteration see Regulahon 644.1.2):

SCHEDULES

The attached Schedules are part of this document and this Certificate is valid only when they are attached fo it.
Schedules of InSpechons and .. .. Schedules of Test Resulls are attached.

EEnlur quanl\llFs of schedules attached).

ELECTRICAL INSTALLATION CERTIFICATE
NOTES FOR FORM 1 (from BS 7671)

1 The Electrical Installation Certificate is to be used 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 a consumer unit changed. It is not
to be used for a Periodic Inspection and Test, for which an Electrical Installation
Condition Report form should be used. For an addition or alteration which does
not extend to the introduction of new circuits, a Minor Electrical Installation
Works Certificate may be used.

The ‘original' Certificate is to be given to the person ordering the work (Regulation
644.1). A duplicate should be retained by the contractor.

Guidance Note 3: Inspection & Testing
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2 This Certificate is only valid if accompanied by the Schedule of Inspections and
the Schedule(s) of Test Resulis.

3 The signatures appended are those of the persons authorized by the companies
executing the work of design, construction, inspection and testing respectively.
A signatory authorized to certify more than one category of work should sign in
each of the appropriate places.

4 The time interval recommended befare 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 each of the Schedules of Test Results should be
indicated, together with the total number of sheets involved.

6 The maximum prospective value of fauit current (lyf) recorded should be the
greater of either the prospective value of short-circuit current or the prospective
value of earth fault current.

GUIDANCE FOR RECIPIENTS (to be appended to the Ceitificate)

This safety Certificate has been issued to confirm that the electrical installation work to
which it relates has been designed, constructed, inspected and tested in accordance
with British Standard 7671 (the IET Wiring Regulations).

You should have received an 'original' Ceriificate and the contractor should have
retained a duplicate. If you were the person ordering the work, but not the owner
of the instaflation, you should pass this Certificate, or a full copy of it including the
schedules, immediately to the owner.

The 'original’ Certificate should be retained in a safe place and be shown to any person
inspecting or undertaking further work on the electrical installation in the future. if
you later vacate the property, this Certificate will demonstrate to the new owner that
the electrical installation complied with the requirements of British Standard 7671
at the time the Certificate was issued. The Construction (Design and Management)
Regulations 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 file.

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 instaliation or for new
work associated with an addition or alteration to an existing installation. 1t should not
have been issued for the inspection of an existing electrical installation. An “Electrical
Instaliation Condition Report” should be issued for such an inspection.

This Certificate is only valid if accompanied by the Schedule of Inspections and the
Schedules) of Test Results.

Guidance Note 3; Inspection & Testing
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SCHEDULE OF INSPECTIONS (for new installation work only) for Form2No.. 295513 i3
DOMESTIC AND SIMILAR PREMISES WITH UP TO 100 A SUPPLY
NOTE 1: This form is suitable for many types of smaller installation, not exclusively domestic.
All items inspected in order to confirm, as appropriate, compliance with the relevant clauses in BS 7671.
The list of items and associated examples where given are not exhaustive.
NOTE 2: Insert v to indicate an inspection has been carried out and the result is satisfactory,
or N/A to indicate that the inspection is not applicable to a particular item,
HEM DESCRIPTION Pt ]
1.0 DISTRIBUTOR'’S / SUPPLY INTAKE EQUIPMENT (visual inspection only)
1.1 Service cable \/
1.2 Service head V/
1.3 Earthing arrangement \/
14 Meter tails «
1.5 Metering equipment /
1.6 Isolator (where present) J
2.0 PARALLEL OR SWITCHED ALTERNATIVE SOURCES OF SUPPLY
241 Adequate arrangements where a generating sel operates as a swilched alternative to the public supply (551.6) N/A
22 Adequate arrangementls where a generating set operaltes in parallel with the public supply (551.7) N/A
3.0 AUTOMATIC DISCONNECTION OF SUPPLY
31 Presence and adequacy of earthing and protective bonding arrangements:
+ Distribulor's earthing arrangement (542.1.2.1; 542.1.2.2) J
+ Installation earth electrode (where applicable) (542.1.2.3) J
+ Earthing conduclor and connections, including accessibility (542.3; 543.3.2) \/
* Main proleclive bonding conductors and connections, including accessibility (411.3.1.2; 543.3.2; 544.1) /
* Provision of safety electrical earthing / bonding labels at all appropriate locations (5614.13) ‘/
* RCD(s) provided for fault protection (411.4.9; 411.5.3) N/A
4.0 BASIC PROTECTION
4.1 Presence and adequacy of measures to provide basic protection (prevention of contact with live parts)
within the installation:
* Insulation of live parts e.g. conductors completely covered with durable insulating material (416.1) \/
* Barriers or enclosures e.g. correct IP rating (416.2) V
5.0 ADDITIONAL PROTECTION
5.1 Presence and effectiveness of additional protection methods:
*RCD(s) not exceeding 30 mA operating current (415.1; Part 7), see ltem 8.14 of this schedule ‘/
*Supplementary bonding (415.2; Part 7) /
6.0 OTHER METHODS OF PROTECTION
6.1 Presence and effectiveness of methods which give both basic and fault protection:
* SELV syslemn, including the source and associaled circuits (Section 414) N/A
* PELV system, including the source and associated circuils (Section 414) N/A
* Double or reinforced insulation i.e. Class |l or equivalent equipment and associated circuits (Section 412) N/A
+ Electrical separation for one item of equipment e.g. shaver supply unit (Section 413) N/A
7.0 CONSUMER UNIT(S) / DISTRIBUTION BOARD(S):
71 Adequacy of access and working space for items of electrical equipment including switchgear (132.12) \/
7.2 Components are suitable according to assembly manufacturers instructions or literature (536.4.203) X
7.3 Presence of linked main swilch(s) (462.1.201) X
74 Isolalors, for every circuit or group of circuits and all items of equipment (462.2) J
7.5 Suitability of enclosure(s) for IP and fire ratings (416.2; 421.1.6; 421.1.201: 526.5) V

Guidance Note 3: Inspection & Testing
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Fry DESCRIPTION oaure,

CONSUMER UNIT(S) / DISTRIBUTION BOARD(S) continued
7.6 Protection against mechanical damage where cables enler equipment (522.8.1; 522.8.5; 522.8.11) ‘/
i Confirmation that ALL conductor connections are correctly located in terminals and are light and secure (526.1) \/
7.8 Avoidance of heating effecls where cables enter ferromagnetic enclosures e.g. steel (521.5) ‘/
7.9 Selection of correct lype and ralings of circuit protective devices for overcurrent and fault protection (411.3.2; 411.4; 411.5; J

411.6; Seclions 432, 433; 537.3.1.1)
7.10 Presence of appropriate circuit charts, warning and other notices:

« Provision of circuil charts/schedules or equivalent forms of information (514.9) \/

+ Warning notice of methad of isolation where live parls not capable of being isolated by a single device (514.11) /

+ Periodic inspeclion and testing nolice (514.12.1) ‘/

* RCD six-monthly test notice; where required (514.12.2) ‘/

= AFDD six-monthly test nolice; where required ‘/

» Warning notice of non-standard (mixed) colours of conductors present (514.14) N/A
7.1 Presence of labels to indicale the purpose of swilchgear and protective devices (514.1.1; 514.8) ‘/'
8.0 CIRCUITS
8.1 Adequacy of conduclors for current-carrying capacily with regard to type and nature of the installation (Section 523) ‘/
8.2 Cable installation methads suitable for the location(s) and external influences {Section 522) /
8.3 Segregation/separalion of Band | (ELV) and Band Il (LV) circuits, and eleclrical and non-electrical services (528) N/A
8.4 Cables correctly erected and supported throughout including escape routes, wilh prolection against abrasion (Sections \/

521, 522)
8.5 Provision of fire barriers, sealing arrangements where necessary (527.2) f
8.6 Non-sheathed cables enclosed throughout in conduit, ducting er trunking (521.10.1; 526.8) N/A
8.7 Cables concealed under floors, above ceilings or in walls/partitions, adequately protecled against damage (522.6.201;

522.6.202; 522.6.204) f
8.8 Conductors correctly identified by colour, lettering or numbering (Section 514) /
8.9 Presence, adequacy and correct lermination of protective conductors (411.3.1.1; 543.1) /
8.10 Cables and conduclors correctly connecled, enclosed and with no undue mechanical strain (Section 526) ‘/
8.1 No basic insulation of a conductor visible outside enclosure (526.8) /
8.12 Single-pole devices for swilching or protection in line conductors only (132.14.1; 530.3.3; 643.6) ‘/
8.13 Accessories not damaged, securely fixed, correctly connected, suitable for external influences (134.1.1; 512.2; Section 526) ‘/
8.14 Provision of additional protection by RCD not exceeding 30mA:

+ Socket-outlels rated at 32 A or less, unless exempt (411.3.3) ‘/

+ Mobile equipment with a current rating not exceeding 32 A for use outdaors (411.3.3) ‘/

« Cables concealed in walls at a depth of less than 50 mm (522.6.202; 522.6.203) ‘/

+ Cables concealed in walls / pariitions containing metal paris regardless of depth (522.6.202; 522.6.203) ‘/

« Final circuits supplying luminaires within domeslic (household) premises (411.3.4) N/A
8.15 Presence of appropriate devices for isolation and switching correctly located including:

* Means of swifching off for mechanical maintenance (464; 537.3.2) ‘/

- Emergency swilches (565.1; 537.3.3) N/A

« Functional swilches, for control of paris of the installation and currenl-using equipment (463.1; 537.3.1) /

« Firefighter's switches (537.4) N‘/A
9.0 CURRENT-USING EQUIPMENT (PERMANENTLY CONNECTED)
9.1 Equipment nol damaged, securely fixed and suitable for exlernal influences (134.1.1; 416.2; 512.2) V(
9.2 Provision of overload and/or undervollage protection e.g. for rotating machines, if required (Sections 445, 552} ‘/
9.3 Installed to minimize the build-up of heat and restrict the spread of fire (421.1.4; 559.4.1) /
94 Adequacy of working space. Accessibility to equipment (132.12; 513.1) /
10.0 | LOCATION(S) CONTAINING A BATH OR SHOWER (SECTION 701)
10.1 30 mA RCD protection for all LV circuits, equipment suitable for the zones, supplementary bonding (where required) etc. ‘/
11.0 | OTHER PART 7 SPECIAL INSTALLATIONS OR LOCATIONS
111 List all other special installations or localions present, if any. (Record separately the resulls of parlicular inspactions applied) N/A
Ilsii:p]?lc:(d(?;.pitals) LG WILSQN..... Signature ........ qufSO”- Date 20/7/2018
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GENERIC SCHEDULE OF TEST RESULTS

NOTES

The following notes relate to the column number in the form (Form 3).

10
11
12
13
14
15

16

17
18

19

20

21

22,

24
25

Circuit number, for three-phase installations it is preferred to use the designation

L1, L2, L3. For example, for the 5% circuit, the designation would be 5L1, 5.2

and 5L3.

Circuit description — can be brief (such as fluarescent lighting).

BS (EN), enter the Standard of manufacturer of the circuit protective device

(such as (BS EN) 60898).

Type —~ where relevant for circuit-breakers enter the characteristic type (e.g. Q).

Rating — enter the protective device's current rating.

Breaking capacity ~ enter the protective device’s breaking capacity, often

'printed" on circuit-breakers (e.g. 6000).

RCD ian rating in mA — 30 mA for additional protection.

Maximum permitted loop impedance for the circuit protective device from Table

41 of BS 7671.

Reference Method ~ enter the cable's installed reference method, by using

Table 4A2 of BS 7671

Conductor details — enter live conductor csa in mm?2.

Conductor details — enter circuit protective conductor ¢sa in mm?2.

Ring line-line open resistance continuity in ohms, see 2.6.6.

Ring neutral-neutral open resistance continuity in ohms, see 2.6.6.

Ring cpc-cpc open resistance continuity in ohms, see 2.6.6.

Ring (Ry + Ry) — enter the value recorded whilst carrying out Step 3 of the ring

continuity test, see 2.6.6. Note that where meaningless results are recorded,

due to parallel return paths, and it has been established and the inspector has

verified continuity, a value is not necessary in this cell, and the cell may be

ticked.

Continuity Rz — add the value of the cpc continuity reading. If using Test

methed 2, the 'wandering lead' method, then enter the maximum value of

the various readings that were measured on the circuit. Note that where

meaningless results are recorded, due to parallel return paths and it has been

established and the inspector has verified continuity, a value is not necessary in

this cell, and the cell may be ticked.

Insulation resistance test voltage usually 500 V unless circuit may be damaged.

Insulation resistance, L-L — enter the minimum value recorded during testing the

circuit for each of the various configurations, see 2.6.7.

Insulation resistance, L-E — enter the minimum value recorded during testing the

cireuit for each of the various configurations, see 2.6.7.

Pofarity ~ tick this cell when the polarity for the circuit has been confirmed, see

2.6.13. A cross, X', may be used to indicate incorrect polarity only where the

form accompanies an EICR.

Zs — enter the dircuit earth fault loop impedance by whatever method you have

selected to determine it by, see 2.6.16. '

23 Enter the results from the tests carried out on any RCDs fitted to the
circuit, 2.6.19,

Confirm AFDD test button test, where AFDD's have test buttons.

Remarks — this cell is provided to note anything relevant to the circuit and

testing, see the completed examples of Form 3.
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MINOR ELECTRICAL INSTALLATION WORKS CERTIFICATE Form 4 No. ... 2224/
(REQUIREMENTS FOR ELECTRICAL INSTALLATIONS - BS 7671 [IET WIRING REGULATIONS])
To be used only for minor electrical work which does not include the provision of a new circuit

PART 1: Description of the minor works
1.

2.
3. Description of the minor works 2..neW. [i

4. Details of deparlures, if any, from BS 7671:2018 for the circuit altered or extended (Regulation 120.3, 133.1.3 and 133.5):
Where applicable, a suitable risk assessment(s) must be allached lo the Cerlificate

None, electricity suppliers terminal equipment, in need, of attention cut-out fi

cracked. Customer advised to contact supplier

5. Comments on (including any defects observed in) the existing installation (Regulation 644.1.2):

corner. Risk assessment attached [

PART 2: Presence and adequacy of installation earthing and bonding arrangements (Regulation 132.16)

1. System earthing arrangement: TN-S 0 TN-C-S E/TT O
2. Earth fault loop impedance at distribution board (Z,,) supplying the final circuit 2 0
3. Presence of adequate main proleclive conductors:

Earlhing conductor
Main protective bonding conductor(s) to: Water B/Gas B/Oil [ structural steel [ Other...........coveeeee. |

PART 3: Circuit details

Circuit overcurrent protective device:

Conductor sizes: Live ........ 1.5 mm2 CpeC ......: 1.0... mm?
PART 4: Test results for the circuit altered or extended (where relevant and practicable)
Protective conductor continuity: RyFR i Q or RZOI Q
Continuity of ring final circuit conductors: L/L N/A Q N/N N/A Q  cpelepe N/A Q
Insulation resistance: Live - Live 9.. M0 Live - Earth .. %299 ma
Polarity satisfactory: ﬂ/ Maximum measured earth fault loop impedance:  Z_............... Q
RCD operation: Raled residual operating current (I, ) ......... 30 mA

Disconnection time at ....... 28 ms

Satisfactory test button operation i

PART 5: Declaration

| certify that the work covered by this certificate does not impair the safety of the existing installation and the work has
been designed, constructed, inspected and tested in accordance with BS 7671:2018 (IET Wiring Regulations)
amended to .. 2(2 % 8.. (dale) and that to the best of my knowledge and belief, at the time of my inspection,
complied with BS 7671 excepl as detailed in Part 1 above.

Name: ..
For and on behalf of: T&G Electyical......
Address: .22, Whiteleaf Close . . .. signature: 4.1
e NeWtOWR | beiion POPYIEERE
warEAE SEX e Date: .. 2T MY 2QL8 o
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MINOR ELECTRICAL INSTALLATION WORKS CERTIFICATE
Notes for the person producing the certificate
Scope

The Minor Electrical Installation Works Certificate is intended to be used for alterations
or additions to an installation that do not extend to the provision of a new drcuit.
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 replacerment 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.

Part 1 Description of minor works

1,2,3  The minor works must be so described that the work that is the subject of
the certification can be readily identified.

4 See Regulations 120.3 and 133.5. No departures are to be expected except
in the most unusual circumstances. See also Regulation 644.1.
5 Note any defects observed in the existing installation that are not related to

the work being carried out.

Under the ‘Comments on existing installation ..." heading, only deficiencies that do
not impair the safety of any alteration or addition covered by the certificate may
be referred to. An example is existing main bonding conductors identified by the
colour green only (rather than green-and-yellow) or which have a cross-sectional area
less than that required by Chapter 54 but nevertheless considered adequate by the
designer of the alteration or addition.

Any deficiency liable to impair the safety of the alteration or addition must be corrected
before the alteration or addition is carried out. See Regulation 132.16. It would be
unacceptable simply to refer to the deficiency on the certificate.

Part 2 Installation earthing and bonding - existing installation

The existing earthing and bonding must be inspected and tested to confirm that it is
adequate for the new works. Any extension to earthing and bonding must be instailed
for the works if required.

Part 3 Circuit details

Generally for domestic installations this be simple. Record details of the circuit protective
device and circuit conductors. COMPLETE THE CIRCUIT CHART DETAILS ON THE DB
OR CONSUMER UNIT,

Part 4 Essential tests

The relevant pravisions of Part 6 'Inspection and testing' of BS 7671 must be applied
in full to all minor works. For example, where a socket-outlet is added to an existing

circuit it is necessary to:

(@) establish that the earthing contact of the socket-outlet is connected to a
suitable means of earthing via the main earthing terminal

Guidance Note 3: Inspection & Testing
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(b) measure the insulation resistance of the circuit that has been added to, and
establish that it complies with Tabie 64 of BS 7671

(¢) measure the earth fault lcop impedance to establish that the maximum
permitted disconnection time is not exceeded

{d) check that the polarity of the socket-outlet is correct

(e) (if the work is protected by an RCD) verify the effectiveness of the RCD.

Part 5 Declaration

When filling out and signing a form on behalf of a company or other business entity,
individuals must state for whom they are acting.

GUIDANCE FOR RECIPIENTS (to be appended to the Certificate)

This Certificate has been issued to confirm that the electrical installation work to which
it relates has been designed, constructed, inspected and tested in accordance with
British Standard 7671 (IET Wiring Regulations).

You should have received an 'original' Certificate and the contractor should have
retained a duplicate. If you were the person ordering the work, but not the owner
of the instaliation, you should pass this Certificate, or a copy af it, to the owner. A
separate Certificate should have been received for each existing circuit on which minor
works have been carried out. This Certificate is not appropriate if you requested the
contractor to undertake more extensive installation work, for which you should have
received an Electrical Installation Certificate.

The Certificate should be retained in a safe place and be shown to any person
inspecting or undertaking further work on the electrical installation in the future. If you
later vacate the property, this Certificate will demonstrate to the new owner that the
minor electrical installation work carried out complied with the requirements of British
Standard 7671 at the time the Certificate was issued.

Guidance Note 3: Inspection & Testing
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ELECTRICAL INSTALLATION CONDITION REPORT Form 5 No. .......... L2320

SECTION A. DETAILS OF THE PERSON ORDERING THE REPORT
Name ..M. Parker.....
Address . The. Beeches.
.................. QRQUAINTILIEE......,

SECTION B. REASON FOR PRODUCING THIS REPORT ...Cl{ent. ke

Date(s) on which inspection and teStiNg WAS CAMEE QUL ......cvvwiuimrismiesssiicsseiessosseeeeseeeesssmsssssssssstsisseseeseessesneesessesisssesssesesssssssseseessesessssesssons

SECTION C. DETAILS OF THE INSTALLATION WHICH IS THE SUBJECT OF THIS REPORT
OOCUIEE S EOME. oo et
Address .As. Abave.

Description of premises

Domeslic EerummerciaID Industrial (] Other (include brief deseription) [] ...i..civceoccveeioesicioeescosecstiescssoeesecssenesse e oo
Eslimated age of wiring system possg s ..years

Evidence of addilions/allerations Yes M/Nn ] Mot apparent [ If yes, estimate age .... x
Installation records available? (Regulation 651.1) Yes [] No Date of last inspeclion ...........cocovvnnnnnn, (dale)

SECTION D, EXTENT AND LIMITATIONS OF INSPECTION AND TESTING
Extent of the electrical installation covered by this report X , . .
nspection only of suppliers terminal equipment, inspection and test of consumer

P,
egulation 653.2)

ducto

Agreed limilations including the reasons (see R

Agreed with: Client.
Operational limitations including the reasons (see page no.

7B

The Inspection and lesling detailed in this report and accompanying schedules have been carried out in accordance with BS 7671: 2 (

Wiring Regufations) as amended to .28 ..o

It should be noted that cables concealed within trunking and conduils, under floors, in roof spaces, and generally within the fabric of the building or
underground, have not been inspected unless specifically agreed between the client and inspeclor prior to the inspection. An inspection should be
made within an accessible roof space housing other eleclrical equipmenl.

SECTION E. SUMMARY OF THE CONDITION OF THE INSTALLATION This installation was constructed when the

General condition of the installation (in terms of eleclrical safely) Kéquirements of BS 7671:2001 were in place. The ...

1 1 mply wi 7671:2018, but is in generally good con apart from the

a al lighting points whichk were installed is"has given Fisé to

O s A Rl S Dot et sheke
SAFISFABTORY-/ UNSATISFACTORY* (Delele as appropriale)

*An unsatisfactory assessment indicates that dangerous (code C1) and/or potentially dangerous (code C2) conditions have been identified.

SECTION F. RECOMMENDATIONS

Where the overall assessment of the suitability of the installalion for continued use above is stated as UNSATISFACTORY, | / we recommend that
any observations classified as ‘Danger present’ (code C1) or ‘Potentially dangerous’ (code C2) are acted upon as a maller of urgency.
Invesligation without delay is recommended for observations identified as ‘Further investigation required” (code FI).

Observations classified as ‘Improvement recommended' (code C3) should be given due considaration.

Subject lo lhe necessary remedial action being laken, liwe recommend that the installation is further inspected and tested by JHJ'g.Z.QJ.—.B.(dale

SECTION G. DECLARATION

I/We, being the person(s) responsible for the inspection and testing of the electrical installation (as indicated by mylour signatures
below), particulars of which are described above, having exercised reasonable skill and care when carrying out the inspection and
testing, hereby declare that the information in this report, including the observations and the attached schedules, provides an accurate
assessment of the condition of the electrical installation taking into account the stated extent and limitations in section D of this report.

Inspected and tested bd: Report authorised for issue by;
Name (Capilals) GEQE THOMPSON......... Name (Capitals) GEQE THOMPS(
Apson Signalure G.Thompson

Signalure .............. G.Thom
Forlon behalf of T

Forfon behalf of andCE lecty

Position . Position . PFO prietor....
Address 31 Address hiteleast.C 20, )
Date 1.7 zJuly =201 8 Postcode: .[EAZL. 5XX..... Date 4714y 201 8 Postcode: EA4.5XX....

SECTION H. SCHEDULE(S)
... ]e..schedule(s) of inspection and ...T....schedule(s) of test results are atlached.
The atlached schedule(s) are part of this document and Lhis report is valid only when they are attached to il.
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SECTION |. SUPPLY CHARACTERISTICS AND EARTHING ARRANGEMENTS

Earthing Number and Type of Live Nature of Supply Parameters Supply Protective Device
arrangements Conductors
m™ne O AC M oc O Nominal voltage, U/ Uaf® . BS (EN) ..
ws 0O 1-phase, 2-wire M 2wire I | Nominal frequency, 0 Type
TN-C-S g 2phase, 3wire [ | 3wire Ol | progpective fault current, loi
1Ll O 3 phase, 3-wire [] | Other [ Exlernal loop impedance, Zet? Rated current ... L(20Q.A
IT O 3 phase, 4-wire [ (Note: (1) by enguiry '
Confirmation of supply polarity [iuf {2) by enquiry or by measurement)

Other sources of supply (as detailed on attached schedule) []

SECTION J. PARTICULARS OF INSTALLATION REFERRED TO IN THE REPORT

Means of Earthing Details of Installation Earth Electrode (where applicable)

Distrbutor's facilty B | Typa s L
Installation earth CORAHOR sususmisssoe TG s o bttt
electrode O | Resistance to Earlh  NAZA....Q

Main Protective Conductors

Earthing conductor Malerial CQPREK.... csa .o deB....mm? Conneclion | continuily verffied ]
zls'gﬁizfgne:;n:&%;egf’;;g}s Material CGPPQFI B8 wwviviion 10O, mm Connection / continuity verified E/

To water installation pipes M | To gas installation pipes [’ [ To oil installation pipes [ | To structural steel [

To lightning protection [] Toother [ Specify
Main Switch / Switch-Fuse / Circuit-Breaker / RCD
Location [Jnder=staic: Current rating .. W IFRCD main switch
Fuse / device raling or selhng MNZA A | Rated residual operaling current (1) .
BS(EN) Voltage rating ....c.cocevcmnnnnen 230V Raled time delay
No o[po!es Measured operaling ime ... LN

SECTION K. OBSERVATIONS
Referring to the attached schedules of inspection and lest resulls, and subjecl to the limilations specified at the Extent and limitations of inspection
and testing section

No remedial action is required [] The following observations are made B/(see below):

OBSERVAT|GN(S) Include schedule reference, as appropriate CLAS(S:E:;:EMION

1.Damage..to..lr‘ghting..cl'rtcuit..at.._;'unctian..box..Ar.cr’y.\g.x.md..bumt..insu!atian.e\.tidemt. ..... 5 SRR—

4.Nao.earthed,.mechanical ov.addition. pratection.. by.RCD.for.cables. concealed.

NOTE:. Faultg Section.of. ltghtmg cireuit. disconnected. with. client’s.approva

One of the following codes, as appropriate, has been allocated lo each of the observalions made above toindicate to the persan(s} responmble for
the installation the degree of urgency for remedial action.

C1- Danger present. Risk of injury. Immediate remedial action required

C2 - Polentially dangerous - urgent remedial aclion required

C3 - Improvement recommended

FI - Further investigation required without delay

Page 2 of .5..
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CONDITION REPORT INSPECTION SCHEDULE FOR
DOMESTIC AND SIMILAR PREMISES WITH UP TO 100 A SUPPLY
Note: This form is suitable for many types of smaller installation, not exclusively domestic.

Form 6 No. ........ 225 16

Acceplable Unaccepfable | State |Improvement | Stale |Further , I .
OUTGOMES condition v condition C10rC2 |recommended | C3 |investigation Bl ot wentied | NIV |Clualation: | LI |\ilkapptieatic | A
OUTCOME
ITEM (Use codes above. Provide additional
NO DESCRIPTION comment where appropriale.

C1, C2, C3 and Fi coded items lo be recorded
in Seclion K of the Condilion Report)

1.0 | DISTRIBUTOR'S / SUPPLY INTAKE EQUIPMENT (visual inspection only)

1.1 | Service cable N//A
1.2 | Service head v
13| Earthing v
14 | Meter lails v
1.5 | Metering equipment v
16 | Isolalor {(where present) N/A

MICROGENERATORS (551.6; 551.7)

2.0 ‘ PRESENCE OF ADEQUATE ARRANGEMENTS FOR OTHER SOURCES SUCH AS

3.0 |EARTHING / BONDING ARRANGEMENTS (411.3; Chap 54)

3.1 | Presence and condilion of distribulor’s earthing arrangement (542.1.2.1; 542.1.2.2)

3.2 | Presence and condilion of earih electrode connection where applicable (542.1.2.3)

3.3 | Provision of earlhingtonding labels at all appropriate localions (514.13.1)

34 | Confirmation of earthing conductor size (542.3; 543.1.1)

3.5 | Accessibility and condilion of earthing conduclor at MET (543.3.2)

36 | Confirmation of main proteclive bonding conductor sizes (544.1)

3.7_| Condition and accessibility of main prolective bonding conductor connections (543.3.2; 544.1.2)

3.8 | Accessibility and condition of other proteciive bonding connections (543.3.1)

40 | CONSUMER UNIT(S) / DISTRIBUTION BOARD(S)

4.1 | Adequacy of working spacelaccessibility to consumer unit/distribution board (132.12; 513.1)

4.2 | Securily of fixing (134.1.1)

4.3 | Condilion of enclosure(s) in lerms of IP rating etc (416.2)

4.4 | Condition of enclosure(s) in terms of fire rating elc (421.1.201, 526.5)

4.5 | Enclosure not damaged/deteriorated so as to impair safely (651.2)

4.6 | Presence of main linked switch {as required by 462.1.201)

4.7 | Operation of main switch (functional check) (643.10)

4.8 | Manual operation of circuit-breakers and RCDs to prove disconnection (643.10)

4.9 | Correcl identificalion of circuil delails and protective devices (514.8.1; 514.9.1)

4.10 | Presence of RCD six-monihly test natice at or near consumer unit/distribution board (514.12.2)

4.11 | Presence of non-standard (mixed) cable colour waming notice at or near consumer unitdistribution board (514.14)

LR R «&&xxxga

4.12 | Presence of allemnative supply wamning notice at or near consumer unit/distribution board (514.15)

413 | Presence of alher required labelling (please specify) (Section 514)

NN

ZZ
p=p

=

4.14 | Compalibility of protective devices, bases and ather components; correct type
unacceptable thermal damage, arcing or overhealing) ( 411.3.2; 411.4; 411.5;

and rating {No signs of
411.6; Sections 432, 433)

4.15 | Single-pole swilching or protective devices in line conduclors only (132.14.1; 530.3.3)

522.8.5, 522.8.11)

4.16 | Protection against mechanical damage where cables enter consumer unit/distribution board (132.14.1; 522.8.1;

4.17 | Protection against electromagnetic effects where cables enter consumer

ibution board/enclosures (521.5.1)

NERNEN

4.18 | RCD(s) provided for faull protection — includes RCBOs (411.4.9;4115.2; 531.2) N/A

4.19 | RCD(s) provided for additional proleclion - includes RCBOs (411.3.3; 415.1) C3

4,20 | Confirmation of indication that SPD is funcional (651.4) N/A

4.21 | Confirmation that ALL conductor connections, including connections to busbars, are correclly localed in /
terminals and are tight and secure (526.1)

4.22 | Adequate arrang where a ing sel operales as a swilched altemnalive to the public supply (551.6) N/A

4.23 | Adequale arrangemenls where a generaling sel operales in parallel with the public supply (551.7) N/A
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OUTCOMES

State
ClorC2

Further
investigation

Unacceplable
condition

Acceptable
condition

v

improvement | State
recommended | C3

\FI

Nol verified

Not applicable | NIA

NIV |Lfmn‘fa!:’on | LiM

ITEM
NO

DESCRIPTION

OUTCOME
(Use codes above. Provide additional
comment where appropniale.
C1, €2, G3 and Fl coded items lo be recorded
in Section K of the Condition Report)

5.0

FINAL CIRCUITS

5.1

Identification of conductors (514.3.1)

52

Cables correctly supported throughout their run (521.10.202; 522.8.5)

53

Condition of insulation of live parls (416.1)

54

Non-sheathed cables prolecled by enclosure in conduit, ducting or trunking (521.10.1)

= Ta Include he integrity of conduit and frunking systems (melallic and plasiic)

55

Adequacy of cables for current-camying capacily with regard for the type and nature of installation (Section 523)

56

Coordination between conduclors and overload profective devices (433.1; 533.2.1)

5.7

Adequacy of protective devices: lype and rated current for fault protection (411.3)

58

Presence and adequacy of circull prolective conductors (433.1; Section 543)

59

Wiring syslem(s) appropriate for the lype:and nature of the installation and extemal influences (Seclion 522)

5.10

Concealed cables installed in prescribed zones (see Seclion D. Extent and limitations) (522.6.202)

511

Cables concealed under floors, above ceilngs or in walls/partifions, adequately protecled againsl damage (see
Section D. Extent and limitations) (522.6.204)

512

Provision of additional protection by RCD nol exceeding 30 mA:

= for all socket-outlels of raling 20 A or less, unless an exceplion is permilied (411.3.3)

= for supply lo mobile equipment not exceeding 32 A rating for use outdoors (411.3.3)

= for cables concealed in walls at a depth of less than 50 mm (§22.6.202; 522.6.203)

 ECVIEREEI AN A A G

* for cables concealed in walls/partitions containing melal parts regardless of deplh {522.6.203)

<
N
P>

= Final circuils supplying luminaires wilhin domestic (househald) premises (411.3.4)

513

Provision of fire barriers, sealing arangements and protection against thermal effects (Section 527)

5.14

Band Il cables segregated/separated from Band | cables (528.1)

5.15

Cables dfseparated from communicalions cabling {528.2)

5.16

Cables segregated/separated from non-electrical services (528.3)

517

Termination of cables al endosures ~ indicate extent of sampling in Section D of the report (Section 526)

= Conneclions soundly madeand under no undue strain (526.6)

= No basic insulation of a condudlor visible outside enclosure (526.8)

= Connectlions of live conductors adequalely anclosed (626.5)

= Adequalely connected at point of entry to enclosure (glands, bushes elc.} (522.8.5)

5.18

Condilion of accessories including sockel-outlets, switches and joint boxes (651.2(v))

5.19

Suitability of accessories for external influences (5122)

520

Adequacy of working space/accessibility to equipment (132.12; 513.1)

521

Single-pole swilching or profective devices in line conductors only (132.14.1, 530.3.3)

6.0

LOCATION(S) CONTAINING A BATH OR SHOWER

Addilional protection for all low voltage (LV) circuits by RCD not exceeding 30 mA (701.411.3.3)

6.2

Where used as a protective measure, requirements for SELV or PELV met (701.414.4.5)

6.3

Shaver sockets comply with BS EN 61558-2-5 formerly BS 3535 (701512.3)

64

Presence of supplementary bonding conduclors, unless not required by BS 7671:2018 (701.415.2)

6.5

Low voltage (e.9. 230 vall) socket-outlets sited at least 2.5 m from zone 1 (701.512.3)

66

Suitability of equipment for external influences for installed location in terms of IP raling (701.512.2)

67

Suilability of accessories and controlgearetc. for a particular zone (701.512.3)

6.8

Suilability of current-using equipment for particular position within the lacalion (701.55)

««x&««%& G I ARY

7.0

OTHER PART 7 SPECIAL INSTALLATIONS OR LOCATIONS

inspections applied.)

List all other special installations or locations present, if any. (Record separately the results of particular N/A

OMPSON .G Thomp

Signature ...l L0 .

Inspected by:
Name (Capitals) GE

Test resulls schedules (Page 5 of 5 etc) are also to be included with the EICR as requested

ELECTRICAL INSTALLATION CONDITION REPORT

NOTES FOR THE PERSON PRODUCING THE REPORT

son Date L7/ 7/2018

Page F.of.2.

This Report should only be used for reporting on the condition of an existing
electrical installation and not for the installation of a consumer unit/distribution
board distribution 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
the requirements of the Regulations, which may give
recorded.

and non-compliance with
rise to danger, should be
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2 The Report, normally comprising at least five pages, should incdude schedules
of both the inspection and the test results. 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.

3 The reason for producing this Report, such as change of occupancy or landlord's
periodic maintenance, should be identified in Section B.

4 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 as inability to gain access to parts of the installation
or an item of equipment, should also be recorded in Section D.

5 The maximum prospective value of fault current (Ipf) recorded should be the
greater of either the prospective value of short-circuit current or the prospective
value of earth fault current.

6 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.

7 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 dassification should resuft in the overall condition of the
installation being reported as unsatisfactory.

8 Wherever practicable, items classified as ‘Danger present’ (C1) should be
made safe on discovery. Where this is not possible the owner or user should
be given written notification as a matter of urgency.

9 Where an observation requires further investigation (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 C1 or C2 item, this should be recorded within Section K, given
the code FI and marked as unsatisfactory in Section E.

10 If the space available for observations in Section K is insufficient, additional
pages should be provided as necessary.

11 The date by which the next Electiical Installation Condition Report is
recommended should be given in Section F. The interval between inspections
should take into account the type and usage of the installation and its overall
condition,

12 Any deficiencies with intake equipment should be reported to the person
ordering the work.

ELECTRICAL INSTALLATION CONDITION REPORT
GUIDANCE FOR RECIPIENTS (to be appended to the Report)

This Report is an important and valuable document which should be retained
for future reference.

T The purpose of this Condition 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).

2 The person ordering the Report should have received the “original” Report and
the inspector should have retained a duplicate.

Guidance Note 3: Inspection & Testing
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3 The “original” Report should be retained in a safe place and be made available
to any person inspecting or undertaking work on the electricat installation in
the future. If the property is vacated, this Report will provide the new ownert/
occupier with details of the condition of the electrical installation at the time the
Report was issued.

4 ‘Where the installation incorporates a residual current device (RCD) there should
be a notice at or near the device stating that it should be tested quarterly. For
safety reasons it is important that this instruction is followed.

5 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.

6 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.

7 For items classified in Section K as C1 ("Danger present”), 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.

8 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.

9 Where it has been stated in Section K that an observation requires further
investigation (code Fly the inspection has revealed an apparent deficiency which
may result in a code C1 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).

10 For safety reasons, the electrical installation should be re-inspected at
appropriate intervals by a skilled person or persons, competent in such work.
The recommended date by which the next inspection is due is stated in
Section F of the Report under ‘Recommendations” and on a label at or near to
the consumer unit/distribution board.

CONDITION REPORT INSPECTION SCHEDULE
GUIDANCE FOR INSPECTORS

1 Section 1.0. Where inadequacies in the intake equipment are encountered the
inspector should advise the person ordering the work to inform the appropriate
authority,

2 Older installations designed prior to BS 7671:2008 may not have been provided

with RCDs for additional protection. The absence of such protection should as a

minimum be given a code C3 classification (item 5.12).

The schedule is not exhaustive.

4 Numbers in brackets are Regulation references to specified requirements.

17
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Appendix A

Maximum permissible measured

earth fault loop impedance

Al Tables
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, which must not be exceeded when the
411.4.202 tests are carried out at an ambient temperature of 10 °C. Table A6 provides correction
411.4.203 factors for other ambient temperatures.

Where the cables to be used are to Table 3, 4 or 5 of BS 6004, Table 3, 4 or 5 of
BS 7211, Table B.1 or B.2 of BS EN 50525-3-41 or are other thermoplastic (PVC) or
thermosetting (low smoke halogen-free — LSHF) cables to these British Standards,
and the cable loading is such that the maximum operating temperature is 70 °C, then
Tables Al to A3 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; and
(b) an overcurrent protective device (i.e. a fuse) to BS 3036, BS 88-2 or BS 88-3.

For each type of fuse, two tables are given:

411.3.2.2 (@) where the circuit concerned is a final circuit not exceeding 32 A and the
maximum disconnection time for compliance with Regulation 411.3.2.2 is 0.4 s
for TN systems, and

411.3.2.3 (b) 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.

543.1.3 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 adiabatic equation given in Regulation 543.1.3.

The tabulated values apply only where the nominal voltage to Earth (Ug) is 230 V.

Table A4 gives the maximum measured Zs for circuits protected by circuit-breakers to
BS 3871-1 and BS EN 60898, and RCBOs to BS EN 61009.

Tables 41.2 to 41.4 Note: The impedances tabulated in this appendix are lower than those in Tables 41.2 to 41.4
543.1.3 of BS 7671. This is because the impedances in this appendix are measured values at an
assumed conductor temperature of 10 °C, whilst those in BS 7671 are design figures at

Guidance Note 3: Inspection & Testing 139
© The Institution of Engineering and Technology




the line conductor maximum permitted operating temperature given in Table 52.1 of BS
7671 and the protective conductor assumed initial temperature given in Tables 54.2 to
54.5 of BS 7671. The correction factor (divisor) used is 1.25. This corresponds to the
line conductor maximum operating temperature and protective conductor assumed
mitial temperature both being 70 °C. For smaller cross-sectional area cables the
impedance may also be fimited by the adiabatic equation of Regulation 543.1.3. A value
of k of 115 from Table 54.3 of BS 7671 is used. This is suitable for PVC insulated and
sheathed cables to Table 3, 4 or 5 of BS 6004 and for thermosetting (LSHF) insulated
and sheathed cables to Table 3, 4 or 5 of BS 7211 or Table B.1 or B.2 of BS N 50525-
3-41. The k value is based on both the thermoplastic (PVC) and thermosetting (LSHF)
cables operating at a maximum temperature of 70 °C. The IET Commentary on the 17th
Edition of the IET Wiring Regulations provides a full explanation.

¥ Table A1 Semi-enclosed fuses. Maximum measured earth fault loop impedance (in ohms)
at ambient temperature where the overcurrent protective device is a semi-
enciosed fuse to BS 3036

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

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

Note: NP means that the combination of the protective conductor and the fuse is Not
Permitted.

¥ Table A2 8S 882 fuses. Maximum measured earth fault loop impedance (in ohms) at
ambient temperature where the overcurrent protective device is a fuse to BS
88-2 or BS 88-6

i) 0.4 second disconnection (final circuits not exceeding 32 A in TN systems)
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(ii) 5 seconds disconnection (final circuits exceeding 32 A and distribution circuits in
TN systems)

Note: NP means that the combination of the protective conductor and the fuse is Not
Permitted,

¥ Table A3 BS 88-3 fuses. Maximum measured earth fault loop impedance (in ohms)
at ambient temperature where the overcurrent protective device is a fuse 1o
BS 88-3

(i) 0.4 second disconnection (final circuits not exceeding 32 A in TN systerns)

{if) 5 seconds disconnection {final circuits exceeding 32 A and distribution circuits in
TN systems)

Note: NP means that the combination of the protective conductor and the fuse is Not
Permitted.
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A

¥ Table A4 Circuit-breakers. Maximum measured earth fault loop impedance (in ohms)
at ambient temperature where the overcurrent device is a drcuit-breaker to

BS 3871 or BS EN 60898 or RCBO to BS EN 61009

Regulation 434.5.2 of BS 7671:2018 requires that the protective conductor csa meets
the requirements of BS EN 60898-1-2 or BS EN 61009-1, or the minimum quoted by
the manufacturer. The sizes given in Table A5 are for energy-limiting class 3, Types B

and C devices only.

¥ Table A5 Minimum protective conductor size for class 3 Types B and C devices

L3

For other device types and ratings or higher fault ievels consult manufacturer's
data. See Regulation 434.5.2 and The IET Commentary on the 17th Edition of

the Wiring Regulations.
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V¥ Table A6 Ambient temperature correction factors

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

(notes 1 and 2)
0] 0.96

10 1.00

245) 1.06

Notes: 1 The correction factor is given by: {I + 0.004 (ambient temp —
20)}/(1 + 0.004 (10 - 20)} where 0.004 is the simplified resistance
coefficient per °C at 20 °C given by BS EN 60228 for both copper
and aluminium conductors. (Alternatively the correction factor is
given by (ambient temp + 230)/(10 + 230)).

2 The factors are different from those of Table B.2 because Table A6
corrects from 10 °C and Table B.2 from 20 °C.

The ambient correction factor of Table A6 is applied to the earth fault loop impedances
of Tables Al to A4 if the ambient temperature is other than 10 °C.

For example, if the ambient temperature is 25 °C the measured earth fault loop
impedance of a circuit protected by a 32 A type B circuit-breaker to BS EN 60898
should not exceed 1.1 x 1.06 = 1.17 Q.

A2 Appendix 3 of BS 7671

Appx 3 Appendix 3 of BS 7671 takes into account the increase of the conductor resistance with
increase of temperature due to load current, which may be used to verify compliance
with the requirements of Regulation 411.4 for TN systems.

The requirements of Regulation 411.4.4 are considered met when the measured value
of fault loop impedance satisfies the following equation:

U % C.
Z{m)=0.8x _OTml_r_\
where:

Zs(m) is the measured impedance of the earth fault current loop up to the most
distant point of the relevant circuit from the origin of the installation (€2)

Up is the nominal AC rms line voltage to Earth (V)

la is the current in amps (A) causing operation of the protective device
within the time stated in Table 41.1 of BS 7671 or within 5 s according to
the conditions stated in Regulation 411.3.2.3 (A).

Criin is the minimum voltage factor to take account of voltage variations
depending on time and place, change of transformer taps and other
considerations.

0.8 is a temperature adjustment factor for ambient temperature (see A6
above).
Note: For a low voltage supply given in accordance with the ESQCR, Crnin is given the
value 0.95.
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A

A3 Methods of adjusting tabulated values of Z,

(See also 2.6.16 'Earth fault loop impedance verification’)

Solution:

A more accurate value can be obtained if the external earth fault loop impedance, Ze,
is known. in this case, the following formula may be used:

Ztest = Ze + %(Zs - Ze)

Where the test ambient temperature is likely to be other than 20 °C, a further
correction can be made to convert the value to correspond with the expected ambient
temperature, using the following farmula:

a
Ztest (max)= Let ?(ZS ) Ze)

where a is given by Table B2 of Appendix B.
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Note: Where reduced cross-sectional area protective conductors are used, maximum earth

where:

%

s

Note:

fault loop impedances may need to be further reduced to ensure disconnection times
are sufficiently short to prevent overheating of protective conductors during earth fauits.
The requirement of the equation in Regulation 543.1.3 needs to be met:

is the nominal cross-sectional area of the conductor in mim?
means greater than or equal to

is a factor taking account of the resistivity, temperature coefficient and
heat capacity of the conductor material, and the appropriate initial and
final temperatures; see Tables 54.2-54.4

is the value in amperes (rms for AC) of fault current for a fault of negligible
impedance, which can flow through the assodiated protective device, due
account being taken of the current limiting effect of the circuit impedances
and the limiting capability (12t) of that protective device

is the loop impedance at conductor normal operating temperature

is the operating time of the overcurrent device in seconds corresponding
to the fault current | amperes - obtained from the graphs in Appendix 3
of BS 7671, as the prospective earth fault current | (= Ugpx Cinin/Zs) is
known.

Crnin is the minimum voltage factor, the meaning of which is explained in Section
A2 of this appendix.

The following example ilfustrates how measurements taken at 20 °C may be adjusted
to 70 °C values, taking the (R + R2) reading for the circuit into account.

The formula above involves taking measurements at 20 °C and converting them to
70 °C values. Alternatively, the 70 °C values can be converted to the values at the
expected ambient temperature, for example, 20 °C, when the measurement is carried
out.
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Appendix B

Resistance of copper and
aluminium conductors

434.5.2  To check compliance with Regulation 434.5.2 and/or Regulation 543.1.3, i.e. to evaluate
543.1.3 the equation

52=L—2§

it is necessary to establish the impedances of the circuit conductors to determine the
fault current, |, and hence the protective device disconnection time, t.

UG X Cmin

Fault current, I = 5

where:

Ug is the nominal voltage to Earth,

Cmin is the minimum voltage factor to take account of voltage variations de-
pending on time and place, changing of transformer taps and other con-
siderations.

Note: For low voltage supplies given in accordance with the ESQCR, Cmin is
given the value 0.95.

Zs is the earth fault loop impedance, and
Ils=7c+ R+ Ry

where:
Ze is that part of the earth fault loop impedance external to the installation
Note: If the distribution board is not at the origin of the installation, Ze is
replaced in the above equation by Zdb, that part of the earth fault loop
impedance on the supply side of the distribution board.
R is the resistance of the line conductor from the origin of the circuit to the
point of utilization
R2 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 the limiting values of earth
fault loop impedance given in Tables 41.2 to 41.4 of BS 7671, it is necessary to
establish the relevant impedances of the circuit conductors when the line conductor is
at the appropriate maximum permitted operating temperature, as given in Table 52.1
of BS 7671, and the circuit protective conductor is at the appropriate ‘assumed initial
temperature’, as given in Tables 54.2 to 54.5.
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Table Bl gives values of (Ry + Ry} per metre for various combinations of conductors
up to and including 50 mm? cross-sectional area. It also gives values of resistance
(milliohms) per metre for each size of conductor. These values are at 20 °C.

¥ Table B1 Values of resistance/metre for copper and aluminium conductors and of
(R1 + R2) per metre at 20 °C in millichms/meter
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Table 41.2
Table 41.3
Table 41.4

Cross-sectional area (mm?2) Resistance/metre or
(R1 + Rz)/metre (mS2/m)

Line conductor Protective Copper Aluminium
conductor

S 50 0774 128

¥V Table B2 Ambient temperature multipliers (o) to Table B1

Expected ambient temperature (°C) Correction factor*

- 0 0.92
T TR
10 0.96
R = T T

: 20 1.00
T B R S R |
40 _ 1.08 '

* The correction factor is given by: {1 + 0.004 (ambient temp — 20 °C))
where 0.004 is the simplified resistance coefficient per °C at 20 °C given by
BS EN 60228 for copper and aluminium conductors.

To assist anyone using Table B1, the following two formulas may be helpful:

- me/mxL
— 1000

|~ Rx1000
m&/m

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
B1. The correction factors in Table B2 may be applied to the Table B1 values to take
account of the ambient temperature (for test purposes only).

Bl Standard overcurrent devices

Table B3 gives the multipliers to be applied to the values given in Table B1 for the
purpose of calculating the resistance at maximum operating temperature of the line
conductors and/or circuit protective conductors in order to determine compliance with
the earth fault loop impedance of Table 41.2, 41.3 or 41.4 of BS 7671.

Guidance Note 3: Inspection & Testing
© The Institution of Engineering and Technology

B

149




B

V¥ Table B3 Conductor temperature factor F for standard devices

Multipliers to be applied to Table B1 for devices in Tables 41.2, 41.3, 41.4

Conductor installation Conductor insulation

70 °C 85 °C 90:°C
thermoplastic thermosetting thermosetting
(PVC) (note 4) (note 4)

Not incorporated in a cable 1.04 1.04 1.04
and not bunched (notes 1, 3)

Table 54.2 Notes:

1 See Table 54.2 of BS 7671. These factors apply when protective conductor
is not incorporated or bunched with cables, or for separate bare protective
conductors in contact with cable covering but not bunched with cables.

Table 54.3 2 See Table 54.3 of BS 7671. These factors apply when the protective conductor
is a core in a cable or is bunched with cables.

3 The factors are given by F = 1 4+ 0.004 {conductor operating temperature —
20 °C} where 0.004 is the simplified resistance coefficient per °C at 20 °C
given in BS EN 60228 for copper and aluminium conductors.

4 |If cable loading is such that the maximum operating temperature is 70 °C,
thermoplastic (70 °C) factors are appropriate.

aNe B2 Steel-wire armour, steel conduit and steel
trunking

Formulae for the calculation of the resistance and inductive reactance values of the
steel-wire armour of cables and of steel conduit, ducting and trunking are published
in Guidance Note 6.

Generally, it is accepted that there is approximately a 10 °C difference between the
conductor temperature and the outer sheath temperature for a steel-wire armoured
cable at full load.

GN1 See also the guidance in the appendices of Guidance Note 1 for mineral insulated
copper sheathed cable temperature data.
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A

Access

Accuracy of test instruments
Additional protection
Additions and Alterations

B
Barriers
fire
protection by, during erection
Basic protection

Breaking capacity of devices

British Standards referenced
Degrees of protection
BS EN 60529
Emergency lighting
BS 5266
Fire alarms
BS 5839

Residual current devices
BS 4293, 7288
BS EN 61008, 61009

Switchgear

85 EN 60947

252 ema

4.2

252 item h; 2.6.19
1.4;3.2; Chap 5

252tem g
2.6.4: 2611
252 item h

Table 2.8; 2.6.17; Chapter 5
Schedule of test results

2.5.3 enclosures

Preface; Table 3.2 note 3

Preface; 2.5.3 General item k: 2.5.3
Hexible cables iterm h;
Table 3.2 note 5

Table 2.9

2.5.3 Switchgear item a; Table 2.7;
2.6.17; Table 2.8; Appendix A

252 item j; Table 2.1;
2.5.3 Switchgear item a
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Index

C
Calibration {checking of accuracy) 4.2
Certificate, Flectrical Installation 1.30:1.4:1.621: 22: 26.2;
2.6.17;3.4; 382,384, Chap 5
Client Introduction; 1.1; 1.3; 1.6; 3.4;
3.6; 3.8; Table 3.3; 3.11; Chap 5
Colour coding (identification of conductors) 3.9.1
Competence 1.2: 49
Condition Report, Electrical Installation 1.3.1: 1.6: 2.6.17; 3.1; 3.8; 3.11;
312; Chap 5
Construction (Design and Management)
Regulations 2015 Introduction; 1.6; 3.4; Chap 5
Continuity
main bonding 2.5.1; Chap 5; Table 3.4
protective conductors 252iHtems b and h; 2.5.3; 2.6;
Table 3.4; 3.10.3; 4.3;
Appendix A
‘ali-insulated’ installations —
test method 1 2.6.5; Fg2.1a
metaliic enclosures as protective
conductors
test procedure 265
ring final circuit conductors, test method 264,266, Fig22; Fig23
supplementary bonding 25.2: 2.6.4; 265, 2.619; 3.9.1;
Table 3.4; 2.2
D
Defects 3.7;31;Chap 5
Designer Introduction; 1.5; 2.1; 2.2: 2.5; 3.4;
Chap 5
Diagrams, presence of 252 item p; 3.9.1
E
Earth electrade resistance 2.6.4; 2.6.14; Table 3.4; Fig 2.7
Earth electrode resistance testers 2.6.14; 4.6
Earth fault loop impedance
maximum measured values Appx A
temnperature correction Appx A
test method Chap 2
testers 45
Electrical Installation Certificate 131 1.4: 1.6; 2.1; 2.2, 2.6.2;, 2617, 3.4;
3.8, Chap 5
Electrical separation
insulation resistance tests 269

source of supply
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Inspection
measurement of voltage
Electricity at Work Regulations 1989

Electromagnetic disturbances

Electricity Safety, Quality and Continuity
Regulations

F

Fault protection

Fire barriers, provision of

Forms

Functional extra-low voltage (FELV)

Functional testing

G

General requirements

H
Health and Safety at Work etc. Act 1974

Health and Safety Executive Guidance
Note GS 38

Housing (Scotland) Act 2014

i
Identification by colour
Information for inspector
Initial inspection
general procedure
inspection checklist
inspection items
schedule
Initial testing
results, recording of
test sequence
Initial verification
certificates
frequency of subsequent inspection
information for inspector
purpose of
relevant criteria
scope

typical forms

269
269

Preface; 1.1; 2.1; Table 3.2 note 2; 3.3;
3.4:3.5: 4.9

25.3;26.25

Table 3.2 note 1

2.5.2h

252g

Chap 5

Table 2.2: 2.6.10
2.64;2,6.20; Table 3.4; 3.10.3

Chap 1

Introduction; 2.3; 3.4

1.1; 4.1
1.3.2

252b
23,36

251

253

252

Chap 5

2.6

2.6.1

264

Chap 2
2.2; Chap 5
2.4; Table 3.2
2.3

2.1

21

2.4

Chap 5
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Index
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Inspection checklist
Inspection Schedule
Inspector's competence
instruments

Insulation resistance

Insulation resistance testers

LKL

Labeliing and marking
Landlord and Tenant Act 1985

M
Medical locations
Minor Works Certificate
Model forms

Motor arcuits

N
Non-conducting location
Non-standard colours

Notices (also signs)

0
Ohmmeters
insulation resistance

low-resistance

Older installations, inspection of

Operational mantial

Overvoltages due to faults

Overvoltages of atmaospheric origin or

due to switching

P
PELY

Periodic inspection
general procedure
inspection checklist
purpose of
report
sampling
scope

visual inspection
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253

Chap 5

1.2; 3.8.1

1.1; Chap 4

2.6.7; 310.3b; Table 2.2
4.4

252m, p; 3.9.
1.3.2: Table 3.2 note 10

2.6.22: Table 3.2
2.2; Chap 5
22,263, Chap 5
3103 item a

2.6.12
252itemp
2.5.2 item p; 3.9.1

267, 4.4
2.65: 26643
3.8.1; 3512
Intreduction
26.23

2.6.24

2.5.2 item h; Table 2.2; 2.6.4;
2.6.8: Table 2.4; Table 2.5;

2610391, 4.4
383

391

3.1; 3.8
1.3.1;3.11; 53
3.8.4;Table 3.3
3.81

382




Periodic inspection and testing
forms
frequency of
general procedure
general requirements
information for inspector
inspector's competence
necessity for
purpose of
record keeping
requirement for
routine checks
Periodic testing
Phase sequence
instruments
verification of
Polarity
test method
Prospective fault current
Protection by
barriers provided during erection

enclosures provided during erection

Q. R
Record keeping
Reference tests

continuity of protective conductors

metallic enclosures as protective
conductors

test methods 1 and 2
continuity of ring final circuit conductors
insulation
resistance test
resistance of floors and walls
sequence of
Relevant criteria
Rented accomimadation
Report, Electrical Installation Condition

Residual current devices (RCDs)

Chap 5
3.7:7able 3.2
38.2,3.83
Chap 1; Table 3.1
36

1.2;3.8.1

3.2

3.1;3.81

i5

32381
3.5:Table 3.1; Table 3.2
3.10; Table 3.4
2.6.4;26.18

4.8

2618

2.6.13; 3.10.3¢: Table 3.4
2.6.13; Fig 2.6
2.6.17
264;26.11
26.4;26.11

1.6

2.6.4;2.6.5; Fig 2.1a; Fig 2.1b;
Table 2.4: 3.10.3a

265
265
2.6.6,; Fig 2.2; Fig 2.3; Table 3.4

2.6.7; 3.10.3b; Table 2.2
2.6.12

264

21

1.3.2

1.3.3; 3.11; Chap 5
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Index
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for additional protection
notice
test method
testers
Resistance of conductors
Routine checks
Rule of thumb
earth fault loop impedance

3-phase prospective fault current

S

Safety during testing
Sampling

Schedule of inspections
Schedule of test results
SELV

Separation of circuits

Shock hazards
Signs see Notices
Specialised systems
Specification

Surveying, thermographic

T

Test instruments
Thermal effects

Thermographic equipment

U

Utilisation categories, switchgear

Vv
Verification, initial

Voltage drop, verification

W, XY, Z

No entries
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252item h

252 temp

2.6.19; Table 3.4

4.7

Appx B

3.5;:Table 3.1: Table 3.2

26.16
2617

1.1, 2.6.16; 3.8.2
3.8.4;Table 3.3
13.1:2.62:51: 53
131,262, 51, 5.3

25.1; 25 20em ¢; 25.2 item h;
2.6.4; 2.6.8; Table 2.2: Table 2.4:
2.6.10; 3.9.1: 4.4

25.2h
264
268
2.6.9

1.1

252h
Introduction
49

1.1; Chap 4
2.5.2g n; 3.9.1
49

2.5.2 item |; Table 2.1

Chap 2
26.4,2621;45
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