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National foreword

This Draft for Development has been prepared by Technical Committee GEL/81
and is the English language version of European Prestandard ENV 61024-1
Protection of structures against lightning — Part 1: General principles published
by the European Committee for Electrotechnical Standardization (CENELEC).
This publication is not to be regarded as a British Standard

It is being issued in the Draft for Development series of publications and is of a
provisional nature because it is based on an IEC draft which is still subject to
technical change as it has not yet reached the Draft International Standard (DIS)
stage. When the DIS stage has been reached it will be submitted to the
IEC/CENELEC parallel voting procedure. In the event of a positive vote and
subsequent publication of the European Standard (EN), this ENV will be
withdrawn. This is highly likely to occur before the normal review of an ENV
which is undertaken after two years.

As a published document, normative references to this ENV can be made in
European Standards (ENs).

Any observations on the contents of the Draft for Development should be sent to
the Secretary of GEL/81 at 389 Chiswick High Road, London W2 4AL for
consideration by the committee.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and ii,
the ENV title page, pages 2 to 36, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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1CS 91.120.40
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English version

Protection of structures against lightning
Part 1: General principles

(IEC 1024-1:1990, modified)

Protection des structures contre la foudre Gab4dudeblitzschutz
Premiére partie: Principes généraux Teil 1: Allgemeine Grundsitze
(CEI 1024-1:1990, modifiée) (IEC 1024-1:1990, modifiziert)

This European Prestandard (ENV) was approved by CENELEC on 1994-10-24
as a prospective standard for provisional application. The period of validity of
this ENV is limited initially to three years. After two years the members of
CENELEC will be requested to submit their comments, particularly on the
question whether the ENV can be converted into a European Standard (EN).

CENELEC members are required to announce the existence of this ENV in the
same way as for an EN and to make the ENV available promptly at national
level in an appropriate form. It is permissible to keep conflicting national
standards in force (in parallel to the ENV) until the final decision about the
possible conversion of the ENV into an EN is reached.

CENELEC members are the national electrotechnical committees of Austria,
Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and
United Kingdom.

CENELEC

European Committee for Electrotechnical Standardization
Comité Européen de Normalisation Electrotechnique
Européiisches Komitee fur Elektrotechnische Normung

Central Secretariat: rue de Stassart 35, B-1050 Brussels
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Introduction

It should be noted that a lightning protection system
cannot prevent the formation of lightning.

To date no devices or methods have been
scientifically proven capable of preventing lightning
from occurring or preventing lightning from striking
structures.

A lightning protection system, designed and
installed in accordance with this standard, cannot
guarantee absolute protection to structures,
persons, or objects; however, application of this
standard will significantly reduce risk of damage

caused by lightning to the structure protected by it.

The type and location of a lightning protection
system should be carefully considered at the design
stage of a new structure, thereby enabling
maximum advantage to be taken of the electrically
conductive parts of the structure. Thus design and
construction of an integrated installation is made
easier, the overall aesthetic aspects can be
improved, and the effectiveness of the lightning
protection system can be increased at minimum cost
and effort.

Access to ground and proper use of foundation
steelwork for the purpose of forming an effective
earth termination may well be impossible once
construction work on a site has commenced.
Therefore, soil resistivity and the nature of the
earth should be considered at the earliest possible
stage of a project. This information is fundamental
to the design of an earth termination system which
may influence the foundation design work of
architects.

To avoid unnecessary work, regular consultation
between lightning protection system designers,
architects and builders is essential.

This standard provides information on setting up
Lightning Protection Systems (LPS) for common
structures.

The design, installation and materials of LPS
should fully comply with the provisions of this
standard.

1 General

1.1 Scope and object
1.1.1 Scope

This standard provides information for the design,
installation, inspection and maintenance of
Lightning Protection Systems (LPS) using rods,
stretched wires, and mushed conductors as
air-termination system for the protection of
structures against lightning as indicated in
Sub-clause 1.1.2, as well as for persons,
installations and contents in or on them.

NOTE Air-termination systems other than those considered in
this standard such as early streamer emission terminals exist
but are outside the scope of this Standard. They are taken into

account in the standards issued by National Committees of some
countries.

1.1.2 Object
This standard is applicable to the design and
installation of Lightning Protection Systems (LPS),

as defined in Sub-clause 1.1.1, for common
structures up to 60 m high.

The following cases are outside the scope of this
standard:
a) railway systems;
b) electrical transmission, distribution and
generating systems external to a structure;
¢) telecommunication systems external to a
structure;
d) vehicles, ships, aircraft, offshore installations.

NOTE Usually the systems from a) to d) are under special
regulations made by various specific authorities.

Additional requirements to those specified in this
standard are necessary in the case such as:
— tall structures (above 60 m height);
— structures dangerous to their surroundings
due to explosion or to propagation of fire;

— structures dangerous to the environment due
to the possible emission of toxic, radioactive,
contamined or polluted substances;

— temporary structures and structures under
construction;

— tents, camping sites and sports fields;

— installations and electronic equipment
sensitive to overvoltages.

NOTE Components used for erection of the LPS are covered by
EN 50164 “Lightning protection components” (in preparation).
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1.2 Terms and definitions

For the purpose of this standard, the following
definitions apply.

1.2.1

lightning to earth

an electrical discharge of atmospheric origin
between cloud and earth consisting of one or more
strokes

1.2.2
lightning stroke

a single electrical discharge in a lightning to earth

1.2.3
point of strike

a point where a lightning stroke contacts the earth,
a structure or an LPS

NOTE A lightning may have more than one point of strike.
1.2.4

lightning current (i)

the current flowing at the point of strike

1.2.5
peak value (I)

the maximum value of the lightning current

1.2.6

average steepness of the lightning current
(Ai/At)

the average rate of change of current calculated over
the 30 % to 90 % of peak amplitude on the wave
front

Ai/At = 90130

90— t30

1.2.7
flash duration (T)

time for which the lightning current flows at the
point of strike

1.2.8
total charge (Qo:a1)

the time integral of the lightning current for the
entire lightning duration

1.2.9

impulse charge (Qjppuise)

the time integral of the lightning current for the
impulse part of the lightning duration

1.2.10
specific energy (SE)

the energy dissipated by the lightning current in a
unit resistance. It is the time integral of the square
of the lightning current for the duration of the
lightning

1.2.11
direct lightning

alightning which strikes directly the structure or its
LPS

1.2.12

indirect lightning

a lightning which strikes the earth in the vicinity of
the structure, or the services entering the structure

1.2.13

direct lightning frequency (Ny)

the expected average annual number of direct
lightnings to the structure

1.2.14
common structures

common structures are structures used for ordinary
purposes whether commercial, industrial, farm,
institutional or residential

1.2.15
structure to be protected

the structure for which protection against the
effects of lightning in accordance with this standard
1s required

1.2.16

protected volume

the volume that is assumed not to be directly struck
by the lightning

1.2.17

tolerable lightning frequency (N,)

the maximum accepted average annual number of
lightnings which can cause damage to the structure

1.2.18
risk of damage (R,)

the probable annual losses (humans and goods) in a
structure due to lightnings

1.2.19
lightning protection system (LPS)

the complete system used to protect a volume
against the effects of lightning. It consists of both
external and internal lightning protection
installations (LPI)

NOTE In particular cases, an LPS may consist of an external or
an internal installation only.

1.2.20

efficiency of LPS (E)

the ratio of the average annual number of direct
lightnings which cannot cause damage to the
structure protected by an LPS, to the direct
lightning number to the structure
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1.2.21
protection level

a term denoting the classification of an LPS
according to its efficiency

NOTE It expresses the probability with which an LPS protects
a volume against the effects of lightning.

1.2.22
external lightning protection installation

consists of an air-termination system, a
down-conductor system and an earth termination
system

1.2.23
internal lightning protection installation

all measures additional to those given in
Sub-clause 1.2.22 which would reduce the
electromagnetic effects of lightning current within
the volume to be protected

1.2.24

lightning equipotential bonding (EB)

that part of an internal LPI which reduces potential
differences caused by lightning current

1.2.25
air-termination system

that part of an external LPI which is intended to
intercept lightnings

1.2.26

down-conductor

that part of an external LPI which is intended to
conduct lightning current from the air-termination
system to the earth-termination system

1.2.27
ring conductor

conductor forming a loop around the structure and
interconnecting the down-conductors for an equal
distribution of lightning current among them

1.2.28
earth-termination system

that part of an external LPI which is intended to
conduct and disperse lightning current to the earth
NOTE The earth-termination system may intercept lightning

currents which flow through the soil due to lightnings to the
earth in the neighbourhood.

1.2.29
earth electrode

a part or group of parts of the earth-termination
system which provides direct electrical contact with
and disperses the lightning current to the earth

1.2.30
ring earth electrode

an earth electrode forming a closed loop around the
structure below or on the surface of the earth

1.2.31
foundation earth electrode

an earth electrode embedded in the concrete
foundation of a structure

1.2.32
equivalent earth resistance

the ratio of the peak values of the earth-termination
voltage and the earth-termination current which, in
general, do not occur simultaneously. It is used
conventionally to indicate the efficiency of the
earth-termination system

1.2.33
earth-termination voltage

the potential difference between the
earth-termination system and the remote earth

1.2.34
“natural” component of an LPS

a component not installed specifically for lightning
protection which can be used in addition to the LPS
or in some cases could provide the function of one or
more parts of the LPS
NOTE Some examples of the use of this term are as follows:
— “natural” air-termination;
— “natural” down-conductor;
— “natural” earth electrode

1.2.35
metal installations

extended metal items in the structure to be
protected which may form a path for lightning
current, such as pipe-work, staircases, elevator
guide rails, ventilation, heating and air conditioning
ducts, and interconnected reinforcing steel

1.2.36
external conductive parts

extended metal items entering or leaving the
structure to be protected such as: pipe works, cable
screens, metal ducts, etc. which may carry a part of
the lightning current

1.2.37
bonding bar

a bar on which metal installations, external
conductive parts, electrical power and
telecommunication lines, and other cables can be
bonded to an LPS

1.2.38
bonding conductor

conductor for equalization of potentials

1.2.39
interconnected reinforcing steel

steelwork within a concrete structure which is
considered electrically continuous

Documents

© BSI 03-2000

Full document details: DD ENV 61024-1:1995

Document Sharing Hl/.lb


http://www.avadocuments.com/doc/dd-env-61024-1-1995
http://www.avadocuments.com/doc/dd-env-61024-1-1995

ENV 61024-1:1995

1.2.40
dangerous sparking

an unacceptable electrical discharge caused by
lightning current inside the structure to be
protected

1.2.41
safety distance

the minimum distance between two conductive
parts within the structure to be protected between
which no dangerous sparking can occur

1.2.42
surge protective device (SPD)

a device designed to limit the surge voltages
between two parts such as a spark gap, surge
diverter, semiconductor device, etc

1.2.43
test joint

a joint which is designed and situated to facilitate
electrical testing and measurement of LPS
components

1.2.44
external LPI isolated from the structure to be
protected

an LPI whose air-termination system and
down-conductor system are positioned in such a way
that the path of the lightning current has no contact
with the structure to be protected

1.2.45
external LPI not isolated from the structure to
be protected

an LPI whose air-termination system and
down-conductor system are positioned in such a way
that the path of the lightning current can be in
contact with the structure to be protected

1.3 Reinforced concrete structures

Steelwork within reinforced concrete structures is
considered to be electrically continuous provided
that it fulfils the following conditions:

a) approximately 50 % of interconnections of
vertical and horizontal bars are welded or are
securely tied;

b) vertical bars are welded or are overlapped a
minimum of 20 times their diameters and
securely tied;

¢) electrical continuity of the reinforcing steel is
established between individual precast concrete
units and other adjacent precast concrete units.

1.4 Protection levels

The characteristics of required LPS depend on the
characteristics of the structure to be protected and
on the protection level to be achieved.

Four different protection levels are considered in
this standard.

The efficiency of LPS decreases from protection level
I to protection level IV. The relation between
protection levels and efficiency is given in Table 1
for selection of protection level purposes.

The appropriate protection level shall be selected on
the basis of the risk of damage evaluation.

A guidance for selection of the LPS is given
in Annex F.

1.5 Lightning current parameters

The values of lightning parameters corresponding to
protection levels are given in Table 2.

Statistical distribution of lightning current
parameters and their effects on LPS are reported
in Annex A.

1.6 Design of the LPS

A technically and economically optimized design of
an LPS is only possible if the steps in the design of
the LPS are correlated with the steps in the design
and construction of the structure to be protected. In
particular, the possible utilization of metal parts of
a structure as parts of the LPS should be foreseen in
the design of the structure itself.

2 External lightning protection
installation

2.0 General

The external LPI is intended to intercept direct
lightnings, to conduct lightning current from the
point of strike to the earth and to disperse it to the
earth without causing thermal and mechanical
damages to the structure to be protected, and
overvoltages dangerous for persons.

2.0.1 Choice of type of external LPI
In most cases, the external LPI may be attached to
the protected structure.

An 1solated external LPI should be used when the
thermal effects on the point of strike or on
conductors carrying the lightning current may
cause damage to the structure or to the content of
the volume to be protected.
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NOTE 1 Typical cases are:

— structures with combustible covenng

— structures with combustible walls

— areas with danger of explosion and fire
NOTE 2 The use of an isolated LPI may be convenient where it
is predicted that changes in structure, contents or use of the
volume to be protected may cause modifications to the LPI.

Dangerous sparking shall be avoided:

— in isolated external LPI by insulation or
separation according to Clause 3.2;

— in non isolated external LPI by bonding,
according to Clause 3.1, or by insulation or
separation according to Clause 3.2.

2.0.2 Use of natural components

Natural components which will always remain in
the structure, which will not be modified and whose
conductivity is measurable (e.g.: interconnected
reinforced steel, metal framework of the structure,
etc.) can be used as part of LPS.

Other natural components should be used only in
addition to LPS.

NOTE Natural components should only be used as parts of the
LPS with the agreement of the structural engineer for the
building or the property owner.

In this case, connection points should be provided during
construction.

2.1 Air-termination systems
2.1.1 General

The probability of a lightning stroke penetrating the
structure to be protected is considerably decreased
by the presence of a properly designed
air-termination system.

The air-termination systems can be composed of any
combination of the following elements:

1) rods;

2) stretched wires;

3) meshed conductors.
2.1.2 Positioning

In determining the position of the air-termination
system, two methods are generally used. These are
the “protection angle” method and the “rolling
sphere” method.

For most simple shape buildings, the protection
angle method is suitable, but the rolling sphere
method 1s suggested for complicated cases.
Where plane surfaces are to be protected, a third

method, “the mesh method”, is a suitable form of
protection.

2.1.3 “Natural” components

The following parts of a structure may be considered
as “natural” air-termination components:

a) metal sheets covering the structure to be
protected providing that:

— the electrical continuity between the
various parts is made durable (e.g. by means of
brazing, welding, crimping, screwing or
bolting);

— the thickness of the metal sheet is not less
than the value ¢ given in Table 4 if it is
necessary to take precautions against
puncture or to consider hot spot problems;

— the thickness of the metal sheet is not less
than:

— 0,5 mm for galvanized steel;

— 0,4 mm for stainless steel;

— 0,3 mm for copper;

— 0,7 mm for aluminium and zinc;
— 2 mm for lead

if it is not important to prevent puncture of
the sheeting or to consider ignition at any
combustible materials underneath;

— they are not clad in insulating material;

— non-metallic materials on or above the
metal sheet can be excluded from the structure
to be protected;

b) metal components of roof construction (trusses,
interconnected reinforcing steel, etc.),
underneath non-metallic roofing, providing that
this latter part can be excluded from the
structure to be protected;

¢) metal parts such as gutters, ornamentations,
railings, etc., whose cross-section is not less than
that specified for standard air-termination
components;

d) metal pipes and tanks, providing that they are
constructed of material not less than 2,5 mm
thick, and that a dangerous or otherwise
unacceptable situation will not be created if they
become punctured;

e) metal pipes and tanks in general, providing
that they are constructed of material whose
thickness is not less than the appropriate value of
t given in Table 4 and that the temperature rise
of the inner surface at the point of strike does not
constitute a danger.

NOTE 1 A light coating of protective paint or 1 mm asphalt
or 0,5 mm PVC is not regarded as an insulator.

NOTE 2 Use of piping as air-termination components is
restricted in special cases (under consideration).

The values for protection angle, rolling sphere
radius and mesh size are given in Table 3 according
to the protection level chosen; the positioning of the
air-termination system is given in Annex B.
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