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Lightnin

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROTECTION AGAINST LIGHTNING -

Part 3: Physical damage to structures and life hazard

FOREWORD
The International Electrotechnlcal Commlssmn (IEC) is a worIdW|de orgamzatlon for standardlzatlon c
all natiomat—ete ote 3 O Sis: atioma O ee e—obie ofAfe—EE

interngtional cooperation on all questions concerning standard|zat|on in the electrical{and elestrofic
this epd and in addition to other activities, the IEC publishes international standards\teghqicalispeg
technical reports, publicly available specifications (PAS) and guides (hefes ter eferged tQ
publicption(s)”). Their preparation is entrusted to technical committees; any | atiepal egmmittee
in thg subject dealt with may participate in this preparatory work. governvental
goverhmental organizations liaising with the IEC also participate in thi e IBC co
closely with the International Organlzatlon for Standardization (ISO) in acordanwit conditions d
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Eubject of

ttee 81:

The IEC 62305 series (Parts 1 to 5), is produced in accordance with the new Publications®
Plan, approved by National Committees (81/171/RQ (2001-06-29)), which restructures in a
more simple and rational form and updates the Publications of the IEC 61024 series, the IEC
61312 series and the IEC 61663 series.

The text of this first edition of IEC 62305-3 is compiled from and replaces

IEC 61024-1, first edition (1990).
IEC 61024-1-2, first edition (1998).
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The text of this standard is based on the following documents:

FDIS Report on voting
81/264/FDIS 81/269/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above Table.

This publication has been drafted, as close as possible, in accordance with the ISO/IEC
Directives, Part 2.
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1 To be published
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INTRODUCTION

This part of IEC 62305 deals with the protection, in and around a structure, against physical
damage and injury to living beings due to touch and step voltages.

The main and most effective measure for protection of structures against physical damage is
considered to be the lightning protection system (LPS). It usually consists of both external
and internal lightning protection systems.

An external LPS is intended to:

potential
hal LPS

1) ing t i le sulating exposed compductive

2) S step voltages by physical resfrictions

The typg f a new
structurge nductive
parts off ation is
made e the LPS
can be i

Access forming
an effegti ay well be impossible once construction work on a pite has

stivity and the nature of the earth should be considergd at the
earliest | i of\a project. This information is fundamental to the design of an earth-
terminafio s{& . influence the foundation design work for the structure.

Regular] consultation/’between LPS designers and installers, architects and builders is
essential.in’ order to achieve the best result at minimum cost.

If lightning protection is to be added to an existing structure, every effort should be made to
ensure that it conforms to the principles of this standard. The design of the type and location
of an LPS should take into account the features of the existing structure.
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PROTECTION AGAINST LIGHTNING -

Part 3: Physical damage to structures and life hazard

1 Scope

This part of IEC 62305 provides the requirements for protection of a structure against physical
damage by means of a lightning protection system (LPS), and for protection against injury to

living bd

This standard is applicable to:

a) desi
b) esta
step

NOTE 1
under cor

NOTE 2
systems ¢

2 No

The foll

For dated references, onl

of the reg

IEC 600
Classifi

IEC 60d

installatj

IEC 6124

Part 10:

IEC 61

of t?tir height;

On, installation, inspection and maintenance of an LPS {

pwing referenced A

ferenced docup

79-10:2 2
bation of hazafdqQu

9 dtus for explosive gas atmospheres — Part 14: E
(other than mines)

P41-44:200%/Electrical apparatus for use in the presence of combustible

Part 14:

Seflection and installation

mitation

ich and

losion are

electronic

cument.
[ edition

Part 10:

lectrical

dust -

dust —

IEC 61643-12:2002, Low-voltage surge protective devices — Part 12: Surge protective devices
connected to low voltage power distribution systems — Selection and application principles

IEC 62305-1, Protection against lightning — Part 1: General principles

IEC 62305-2, Protection against lightning — Part 2: Risk management

IEC 62305-4, Protection against lightning — Part 4: Electrical and electronic systems within
structures
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IEC 62305-5, Protection against lightning — Part 5: Services?

ISO 3864-1, Graphical symbols — Safety colours and safety signs — Part 1: Design principles
for safety signs in workplaces and public areas

3 Terms and definitions

For the purposes of this document, the following terms and definitions, some of which have
already been cited in Part 1 but are repeated here for ease of reference, as well as those

given in other parts of IEC 62305, apply.

31

lightning protection system

LPS

complete system used to reduce physical damage due to lightning fla

NOTE It|consists of both external and internal lightning protection systems.

3.2

externall lightning protection system

part of the LPS consisting of an air-termination s and an
earth-termination system

3.3

external LPS isolated from the struct

LPS with an air-termination system and"down-cend vay that
the path of the lightning current has no con‘ |Wl Rt »

NOTE Ir] an isolated LPS, dangero tweenth PS apd the structure are avoided.

3.4

external LPS not’isola » ture to be protected

LPS with an air- 1 vh-conductor system positioned in such a ay that
the patH of the ligh contact with the structure to be protected

3.5

interna

part of lation of
externa

3.6

air-ter :

part of anvexternal LPS using metallic elements such as rods, mesh conductors or gatenary

wires intended to intercept lightning flashes

3.7

down-conductor system
part of an external LPS intended to conduct lightning current from the air-termination system
to the earth-termination system

1 To be published
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3.8
ring conductor

conductor forming a loop around the structure and interconnecting the down-conductors for

distribution of lightning current among them

3.9
earth-termination system

part of an external LPS which is intended to conduct and disperse lightning current into the

earth

3.10
earthing electrode

part or|a group of parts of the earth-termination system which proyides
contact jwith the earth and disperses the lightning current into the eart

3.1
ring eafthing electrode

earthing electrode forming a closed loop around the structure b
earth

3.12
foundation earthing electrode
reinforcing steel of foundation or additipnal co
a struct

3.13
conventional earth impedance

ct e||ectrica|

e of the

he concrete foundation of

ratio of i ge and the earth-termination| current

which, i

3.14
earth-tgrminati

potentigl differe ination system and the remote earth

3.15
natural{comp
conductjve

addition|
LPS

NOTE E af the use of this term include:

— natural pir;terminations

— natural dowh-conductor;

ot specifically for lightning protection which can be|used in
g cases could provide the function of one or more parfs of the

— natural earthing electrode.

3.16
connecting component

part of an external LPS which is used for the connection of conductors to each other or to

metallic installations

3.17
fixing component

part of an external LPS which is used to fix the elements of the LPS to the structure to be

protected
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3.18

metal installations

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

3.19

external conductive parts

extended metal items entering or leaving the structure to be protected such as pipework,
metallic cable elements, metal ducts, etc. which may carry a part of the lightning current

3.20
electriclal system
system | incorporating low voltage power supply components apd “possibiyloelectronic
componjents

3.21
electronic system

system |incorporating sensitive electronic components
computer, control and instrumentation systems, radio sy

ation eqyipment,
ofic installations

3.22
internal systems
electrical and electronic systems withif a

3.23

lightning equipotential bonding

EB

bonding to the LPS of s , by direct connections or vig surge
protectiye devices, to re B potenti * caused by lightning current

3.24 Q
bonding bar

metal b’Fr on whic
commu

nstablatiq external conductive parts, electric power and tele-
othércables can be bonded to an LPS

3.25

bonding

conductk ated conductive parts to LPS
3.26

interconnected reinforcing steel

steelwotkwithin a concrete structure which is cansidered nlm‘trirnlly continuous

3.27

dangerous sparking

electrical discharge due to lightning which causes physical damage in the structure to be
protected

3.28
separation distance
distance between two conductive parts at which no dangerous sparking can occur
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3.29
surge protective device
SPD

device that is intended to limit transient overvoltages and divert surge currents. It contains at

least one non-linear component

3.30
test joint

joint designed to facilitate electrical testing and measurement of LPS components

3.31
class of LPS

number|denoting the classification of an LPS according to the lightnind protestiof ievel for

which it|is designed

3.32
lightning protection designer
specialist competent and skilled in the design of the LPS

3.33
lightning protection installer
person competent and skilled in the installation of-the

3.34
structufes with risk of explosion
structurgs containing solid explosives™ materials
accordance with IEC 60079-10 and IEC 61%0

4.1 Class of LP
The characteristi (o)

protectgqd and by th

y protection level.

Four cldsses of LRS

levels defined in eTabIe 1).

lation between lightning protection levels (LPL)
and class of LPS (see IEC 62305-1)

LPL Class of LPS
| |

azardous zones as deternm]

Ined by the characteristics of the structu

ed in this standard corresponding to lightning pn

ined in

e to be

otection

I I
I I
A% A%

Each class of LPS is characterized by the following.

a) Data dependent upon the class of LPS:
— lightning parameters (see Tables 3 and 4 in IEC 62305-1);
— rolling sphere radius, mesh size and protection angle (see 5.2.2);

— typical distances between down-conductors and between ring conductors (see 5.3.3);

— separation distance against dangerous sparking (see 6.3);

— minimum length of earth electrodes (see 5.4.2).
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b) Data not dependent upon the class of LPS:

ightning equipotential bonding (see 6.2);

— minimum thickness of metal sheets or metal pipes in air-termination systems (see
5.2.5);

— LPS materials and conditions of use (see 5.5);

— material, configuration and minimum dimensions for air-terminations, down-conductors
and earth-terminations (see 5.6);

— minimum dimensions of connecting conductors (see 6.2.2).

Perform

ance of each class of LPS is given in Annex B of IEC 62305-2.

The clag

4.2 Design of the LPS

A techn

in the design and construction of the LPS are coordinated

s of required LPS shall be selected on the basis of a risk assessm c.62

cally and economically optimized design of an LPS is

305-2).

e steps
ign and

construg¢tion of the structure to be protected. In particuld re itself
should ditilize the metal parts of the structure as parts

The dedign of the class and location of the LPS stures’shall take into Jaccount
the consgtraints of the existing situation

The degign documentation of an LPS skall sp e-information necessary tg ensure
correct and complete installation. For d , see Annex E.

4.3 Continuity of steelwo structures

Steelwork within reinf s considered to be electrically comtinuous
provided that the majar part qf ections of vertical and horizontal bars are weglded or
otherwige secur P, of vertical bars shall be welded, clamped or
overlapped a m i eir diameters and bound or otherwise $ecurely
connected. For new be_sgrhections between reinforcement elements shall be
specifie igh i cooperation with the builder and the civil engineer.
For strd nforced concrete (including pre-cast, pre-stressed rejnforced
units), the™e ontiquityvof the reinforcing bars shall be determined by electrical testing
betweern t and ground level. The overall electrical resistance shouldl not be
greater red using test equipment suitable for this purpose. If this |value is
not ach t is wot practical to conduct such testing, the reinforcing steel shall not be

used as
an exte

a’natural detwvn-conductor as discussed in 5.3.5. In this case it is recommen
rnal” down-conductor be installed: In the case of structures of pre-cast re

Hed that
nforced

concrete, the electrical continuity of the reinforcing steel shall be established between
individual adjacent pre-cast concrete units.

NOTE 1
NOTE 2

For further information on the continuity of steelwork in reinforced concrete structures, see Annex E.

In several countries, the use of reinforced concrete as a part of the LPS is not allowed.
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5 External lightning protection system

5.1 General
511 Application of an external LPS

The external LPS is intended to intercept direct lightning flashes to the structure, including
flashes to the side of the structure, and conduct the lightning current from the point of strike to
ground. The external LPS is also intended to disperse this current into the earth without
causing thermal or mechanical damage, nor dangerous sparking which may trigger fire or
explosions.

5.1.2 Choice of external LPS
In most|cases, the external LPS may be attached to the structure tobe

An isoldted external LPS should be considered when the therrpal i s at the
point of|strike, or on the conductors carrying the Ilghtnmg curre age to the

structurg or to the contents (see Annex E). es  with
combustible covering, structures with combustible walls-and &S, at ion and
fire.

NOTE The use of an isolated LPS may be convenient cture, its
contents ¢r its use will require modifications to the LPS.

An isolated external LPS may also b ontents
warrant$ the reduction of the radiated ightning

current pulse in the down-conductor.

5.1.3 Use of natural

Natural | components
structurg and will
the strugture, et

aterials, which will always remain irf/fon the
interconnected reinforced steel, metal framgwork of

Other n

NOTE F

52 A
5.2.1

The prgbability of stfucture penetration by a lightning current is considerably decrepsed by
the predence of a properly designed air-termination system

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

a) rods (including free-standing masts);
b) catenary wires;
¢) meshed conductors.

To conform to this standard, all types of air-termination systems shall be positioned in
accordance with 5.2.2, 5.2.3 and Annex A.
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The individual air-termination rods should be connected together at roof level to ensure
current division.

Radioactive air terminals are not allowed.

5.2.2 Positioning

Air-termination components installed on a structure shall be located at corners, exposed
points and edges (especially on the upper level of any facades) in accordance with one or
more of the following methods.

Accepta system
include:

— the protection angle method;

— the folling sphere method,;

— the mesh method.

The rolling sphere method is suitable in all cases.

The prot to limits
of air-te

The me cted.
The valties for the protection angle, rolling S of LPS
are give i stem is
given in

roifing sphere radius, mesh size

@ otecti ponding to the class of LPS

Protection method

Qlass of LP<\ IIW radius r Mesh size W Protection gngle
m o°

I< > 20 5x5
(\H\\ N \ 30 10 x 10 See figure below
M

NN
\ \ / 45 15 x 15
)

60 20 x 20
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a° 80
o \\\ix\
%0 E \\\\\\\ Class of
40 i \\\\\\\ LPS
0 | \ T~
| \ \ , \\ m v

PO : ¥ - By
aB
0l !

0 2 10 20 60

095/05

NOTE 1 |Not applicable beyond the values marked with e.
Only rolling sphere and mesh methods apply in these cases

NOTE 2 |H is the height of air-termination aboye
NOTE 3

5.2.3 Air-terminations against flas

On struftures taller than corners

and eddes of surfaces.

NOTE I structures
will be tg he top of
structureg even by
lightning 1

An air-t res (i.e.
typically ed on it
(see An

The rule er parts

of struc

In addit|omw,, for strustires taller than 120 m, all parts which may be endangered abovge 120 m

should be\pfotected.

5.24 Construction

Air-terminations of an LPS not isolated from the structure to be protected may be installed as
follows:

— if the roof is made of non-combustible material the air-termination conductors may be
positioned on the surface of the roof;

— if the roof is made of readily-combustible material, due care needs to be taken with regard
to the distance between the air-termination conductors and the material. For thatched
roofs where no steel bars are used for monitoring of the reed, a distance of 0,15 m is
adequate. For other combustible materials a distance not lower than 0,10 m is considered
adequate;
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— Easily-combustible parts of the structure to be protected shall not remain in direct contact
with the components of an external LPS and shall not remain directly under any metallic
roofing membrane that might be punctured by a lightning flash (see 5.2.5).

Account shall also be taken of less combustible membranes such as wooden sheets.

NOTE |If it is likely that water may accumulate on a flat roof, air-terminations should be installed above the
maximum probable water level.

5.2.5 Natural components

The following parts of a structure should be considered as natural air-termination components
and part of an LPS in accordance with 5.1.3.

a) Metgl sheets covering the structure to be protected provided that:

— the electrical continuity between the various parts is made d eans of
Rrazing, welding, crimping, seaming, screwing or bolting);

— the thickness of the metal sheet is not less than the valyé~x gi i if]it is not
important to prevent puncture of the sheeting or to copsiderlgniii readily-
gombustible materials underneath;

— the thickness of the metal sheet is not less tha 3 i B if it is
necessary to take precautions against punctupé or to i ' Is;

— they are not clad with insulating material.

Table 3 — Minimum thickness of m@%e\ S ornmeta

hickness ? Thickness ®
Class of LPS Material t t’
mm
NEE N - 2,0
Stegl (stainless, 4 0,5

galanized)

@l Titaniym 4 0,5
X Qorps? 5 0,5
Aluglinium 7 0,65
/\ Zinc - 0,7

tuM spot or ignition.

in air-termination systems

b) Metalkcomponents of roof construction (trusses, interconnected reinforcing stegl, etc.),
und = ' g, ' i rom the
structure to be protected.

c) Metal parts such as ornamentation, railings, pipes, coverings of parapets, etc., with cross-
sections not less than that specified for standard air-termination components.

d) Metal pipes and tanks on the roof, provided that they are constructed of material with
thicknesses and cross-sections in accordance with Table 6.

e) Metal pipes and tanks carrying readily-combustible or explosive mixtures, provided that
they are constructed of material with thickness not less than the appropriate value of ¢
given in Table 3 and that the temperature rise of the inner surface at the point of strike
does not constitute a danger (for detailed information, see Annex E).
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If the conditions for thickness are not fulfilled, the pipes and tanks shall be integrated into the
structure to be protected.

Piping carrying readily-combustible or explosive mixtures shall not be considered as an air-
termination natural component if the gasket in the flange couplings is not metallic or if the
flange-sides are not otherwise properly bonded.

NOTE A thin coating of protective paint or about 1 mm asphalt or 0,5 mm PVC is not regarded as an insulator.
Detailed information is given in Annex E.

5.3 Down-conductor systems

5.3.1 General

In orden to reduce the probability of damage due to lightning curre PS, the

down-conductors shall be arranged in such a way that from the poi

a) sevegral parallel current paths exist;

b) the length of the current paths is kept to a minimum;

c) equipotential bonding to conducting parts of the s d/according to the
reqlirements of 6.2.

NOTE 1 |Lateral connection of down-conductors at ground cordance

with Tabl¢ 4, is considered to be good practice.

The gepmetry of the down-conductor i conductors affects the separation

distance (see 6.3).

NOTE 2 perimeter

interconn tection of

internal in einforced

concrete

Typical v given in

Table 4.

More info

5.3.2

a) If th bf metal
or in h mast.
No & nnected
reinforcing s
NOT

b) If the air-termination consists of catenary wires (or one wire), at least one down-cqnductor

Is n adad ot aach cirinnAartina ot iatiira
ceogecoatreeath—SuppotrugStuattare:

c) If the air-termination forms a network of conductors, one down-conductor is needed at
least at each supporting wire end.

5.3.3 Positioning for a non-isolated LPS

For each non-isolated LPS the number of down-conductors shall be not less than two and
should be distributed around the perimeter of the structure to be protected, subject to
architectural and practical constraints.
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An equal spacing of the down-conductors is preferred around the perimeter. Typical values of
the distance between down-conductors are given in Table 4.

NOTE The value of the distance between down-conductors is correlated with the separation distance given in 6.3.

Table 4 — Typical values of the distance between down-conductors
and between ring conductors according to the class of LPS

Class of LPS Typical tr::]istances

I 10
I 10

i 15 (
v 20 /\< A (

A downtconductor should be installed at each exposed corner
possiblg.

re, wheftg this is

5.34 Construction

The down-conductors shall be installed so that,

, they form g direct
continuation of the air-termination conductors.

Down-c
and mo
possiblg

at they provide the ghortest
avoided, but where th|s is not
en two points on the condu¢tor and

I=l1+lr+13

IEC 2096/05

Figure 1 — Loop in a down-conductor

Down-conductors shall not be installed in gutters or down-spouts even if they are covered by
insulating material.

NOTE The effects of moisture in the gutters lead to intensive corrosion of the down-conductor. It is recommended

that the down-conductors be positioned such that a separation distance in accordance with 6.3 is provided between
them and any doors and windows.
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Down-conductors of an LPS not isolated from the structure to be protected may be installed
as follows:

— if the wall is made of non-combustible material, the down-conductors may be positioned
on the surface or in the wall;

— if the wall is made of readily-combustible material the down-conductors may be positioned
on the surface of the wall, provided that their temperature rise due to the passage of
lightning current is not dangerous for the material of the wall;

— if the wall is made of readily-combustible material and the temperature rise of down-
conductors is dangerous, the down-conductors shall be placed in such a way that the

distance between them and the wall is always greater than 0,1 m. Mounting brackets may
be i contact with-the-wal

vvortT

When the distance from down-conductor to a combustible material ganhot~he -assured, the
cross-s¢ction of the conductor shall be not less than 100 mm?Z.

5.3.5 Natural components
The follpwing parts of the structure should be considered a onductors:

a) the metal installations provided that

hce with

i down-

bd as a

re;

4 between
onnection
nbly (see

cceptable

lightning

onnected

bd that
and that

for metal sheets or metal pipes thicknesses shall be not less than 0,5 mm,

— their electrical continuity in a vertical direction conforms to the requirements of 5.5.2.

NOTE 5 For more information, see Annex E.

5.3.6 Test joints

At the connection of the earth termination, a test joint should be fitted on each down-
conductor, except in the case of natural down-conductors combined with foundation earth
electrodes.

For measuring purposes, the joint shall be capable of being opened with the aid of a tool. In
normal use it shall remain closed.
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5.4 Earth-termination system
5.4.1 General

When dealing with the dispersion of the lightning current (high frequency behaviour) into the
ground, whilst minimizing any potentially dangerous overvoltages, the shape and dimensions
of the earth-termination system are the important criteria. In general, a low earthing
resistance (if possible lower than 10 Q when measured at low frequency) is recommended.

From the viewpoint of lightning protection, a single integrated structure earth-termination
system is preferable and is suitable for all purposes (i.e. lightning protection, power systems
and telecommunication systems).

Earth-tgrmination systems shall be bonded in accordance with the requi

NOTE 1 [The conditions of separation and bonding of other earth-termination sy

$nined by
the appropriate national authorities.

NOTE 2 |Serious corrosion problems can occur when earthing systems made i onnected
to each ofher.

5.4.2 Earthing arrangement in general conditio

5.4.21

This tyq outside

the stru

In type A arrangements, the total/num legtrodes shall be not less than twq.

B0 JA

50 N\ NN
70 N et

Class

50

.~ | Class |l

Lo 1 1

30 P P

"
20 7

Class IlI-IV

0 500 1000 1500 2000 2500 3 000

p Qm IEC 2097/05

NOTE Classes lll and IV are independent of soil resistivity.

Figure 2 — Minimum length /; of each earth electrode according to the class of LPS
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The minimum length of each earth electrode at the base of each down-conductor is

— 11

for horizontal electrodes, or

- 0,5/ for vertical (or inclined) electrodes,

where [, is the minimum length of horizontal electrodes shown in the relevant part of Figure 2.

For combined (vertical or horizontal) electrodes, the total length shall be considered.

The minimum lengths stated in Figure 2 may be disregarded provided that an earthing
resistance of the earth-termination system less than 10 Q (measured at a frequency different
from the power frequency and its multiple in order to avoid interference) is achieved.

NOTE 1
NOTE 2
5.4.2.2
This typg

protectg
electrod

For the
enclose
value /4

where [

When th
vertical
(vertica

and

It is reg
down-cq

The add

Reduction of earthing resistance by the extension of earth electrodes is practi

For further information, refer to Annex E.

Type B arrangement

e of arrangement comprises either a ring condu

shall be not less

slass I, Il, [l and IV.

e required val

(or incli
) given @2

onvenient value of r,, additional horiz
d with individual lengths /. (horizontal

2 number of electrodes shall be not less than the numb¢g
inimum of two.

ly possible Uupf

o 60 m.

e to be

radius r, of fhe area

han the

(1)

ontal or
and |/,

(2)
(3)

r of the

here the

itiehal electrodes should be connected to the ring earth electrode at points w

down-c

5.4.3

pu ] 4 A | ol £ H | aliad 41
NMUuUGtiurs arc CUTITITCUITU atlu, TUT do TITdily do PUSSIVUIT, TUUIUTSLATTL Y .

Installation of earth electrodes

The ring earth electrode (type B arrangement) should preferably be buried at a depth of at
least 0,5 m and at a distance of about 1 m around the external walls.

The earth electrodes (type A arrangement) shall be installed at a depth of upper end at least
0,5 m and distributed as uniformly as possible to minimize electrical coupling effects in the

earth.
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Earth electrodes shall be installed in such a way as to allow inspection during construction.

The embedded depth and the type of earth electrodes shall be such as to minimize the effects
of corrosion, soil drying and freezing and thereby stabilize the conventional earth resistance.
It is recommended that the upper part of a vertical earth electrode equal to the depth of
freezing soil should not be regarded as being effective under frost conditions.

NOTE Hence, for every vertical electrode, 0,5 m should be added to the value of the length /[, calculated in
5.4.2.1 and 5.4.2.2.

For bare solid rock, only type B earthing arrangement is recommended.

For structures—withrexternsive—etectromicsystents—orwithhighriskof firer{sestE€ 62305-2),
type B garthing arrangement is preferable.

5.4.4 Natural earth electrodes

br other
bctrode.
re shall

Intercorlnected reinforcing steel in concrete foundations in
suitablel underground metal structures, should preferabl
When the metallic reinforcement in concrete is used as a
be exer

NOTE 1
of lightnin
NOTE 2
NOTE 3

passage

55 C

Compor ent and

predictgble accidental

or from
rmance

Components of
other mfterials
characteristics.

NOTE Cpmponents'y



https://iecnorm.com/api/?name=971deeed05e0cefd3fa7327f17181bae

62305-3 © |IEC:2006 - 49 —

Table 5 — LPS materials and conditions of use

Use Corrosion
May be
Material dest;oyed
In open air In earth In concrete Resistance Increased by y
galvanic
coupling
with
Copper Solid Solid Solid Good in many Sulphur
environments compounds
Stranded Stranded Stranded P -
) . Organic
As coating As coating materiate=
FRaterat
Hot Solid Solid Solid Acceptable in air, | Hi hlorides Cqpper
galvanized in concrete and in tent
steel Stranded Stranded benign soil )\
Stainless Solid Solid Solid Good in many, igh\chtgride N -
steel environment cantent
Stranded Stranded Stranded
Aluminium Solid Unsuitable Unsuitable Good i dline Cqpper
at S sglutiQns
Stranded ftaini
con trati
sulphur and
Lead Solid Solid Acid soils Capper
As coating As Coating Stpinless
steel
NOTE 1 This table gives gene i . IWial cicumstances more careful corrosion immunity
consideratigns are required (see A
NOTE 2 Sjranded conductors™\are k rrosign than solid conductors. Stranded condugtors are
also vulnergble where they enter wr/exi grete positions. This is the reason why stranded galvanized steel
is not reconpmended in th.
NOTE 3 Ghplvanized s
NOTE 4 Gplvanized ste ncret extend into the soil due to possible corrosion of the sfeel just
outside the [concrete.
NOTE 5 Ghlvani i ith reinforcement steel in concrete may, under certain circumstanceg, cause
damage to fhe cofjcreter
NOTE 6 Up in@ edrth\ijs often banned or restricted due to environmental concerns.
5.5.1

Air-termlinations and down-conductors shall be firmly fixed so that the electrodynpmic or
accidental mechanical forces (for instance vibrations, slipping of slabs of snow, thermal
expansion, etc.) will not cause conductors to break or loosen (see Annex D of IEC 62305-1).

5.5.2 Connections

The number of connections along the conductors shall be kept to a minimum. Connections
shall be made secure by such means as brazing, welding, clamping, crimping, seaming,
screwing or bolting.

Connections of steelwork within reinforced concrete structures shall conform to 4.3.
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5.6 Materials and dimensions
5.6.1 Materials

Material and its dimensions shall be chosen bearing in mind the possibility of corrosion either
of the structure to be protected or of the LPS.

5.6.2 Dimensions

Configurations and minimum cross-sectional areas of air-termination conductors, air-
termination rods and down-conductors are given in Table 6.

Configufations and minimum dimensions of earth electrodes are given in Table
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Table 6 — Material, configuration and minimum cross-sectional area of air-termination
conductors, air-termination rods and down-conductors

Minimum cross-
sectional area

Material Configuration Comments 10)
mm?2
Copper Solid tape 50 8) 2 mm min. thickness
Solid round 7) 50 8) 8 mm diameter
Stranded 50 8) 1,7 mm min. diameter of each strand
Solid round 3). 4) 200 8) 16 mm diameter
Tin plated-copper Setidtape 59-8) 2 er-min—thickress
Solid round 7) 50 8)
Stranded 50 8) eter-of ®gch strand
Aluminiun Solid tape 70 mm\min\ thickne
Solid round 50 8) 8 mm dlameter
Stranded 50 8) /\\\7 n’ﬁ@\min. diameter of egch strand
Aluminium alloy Solid tape 508 i
Solid round 0
Stranded 8) \{ mm min. diameter of eqch strand

Solid round 3)

6 mMim diameter

Hot dippe[d galvanized Solid tape },5 mm min. thickness
steel 2) ) .
Solid round 9) 50 8 mm diameter
Stranded ( 50\8) 1,7 mm min. diameter of eqch strand
20p8) 16 mm diameter
Stainless |steel 5) \) 50 8) 2 mm min. thickness
50 8 mm diameter
70 8) 1,7 mm min. diameter of eqch strand
2008) 16 mm diameter

1) Hotd inimym thickhess coating of 1 um.

2) The be smogth, centinuous and free from flux stains with a minimum thickness coating of 50 um.

3) Appli only. For applications where mechanical stress such as wind lpading is not
critic ameter,\1 m long maximum air-termination rod with an additional fixing may be usgd.

4) Appli

5) Chromium =1%%, nickel > 8 %, carbon < 0,07 %.

6) For dtainless steel &mbedded in concrete, and/or in direct contact with flammable material, the nfinimum sizes
shou|d b€ increased to 78 mm2 (10 mm diameter) for solid round and 75 mm2 (3 mm minimum thickness) for solid
tape.

7) 50 mm2 (8 mm diameter) may be reduced to 28 mm?2 (6 mm diameter) in certain applications where mechanical
strength is not an essential requirement. Consideration should, in this case, be given to reducing the spacing of
the fasteners.

8) If thermal and mechanical considerations are important, these dimensions can be increased to 60 mm2 for solid
tape and to 78 mm?2 for solid round.

9) The minimum cross-section to avoid melting is 16 mm2 (copper), 25 mm2 (aluminium), 50 mm2 (steel) and 50 mm2

(stainless steel) for a specific energy of 10 000 kJ/Q. For further information see Annex E.

10) Thickness, width and diameter are defined at £10 %.
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Table 7 — Material, configuration and minimum dimensions of earth electrodes

Minimum dimensions

Material Configuration Earth rod | Earth conductor | Earth plate Comments
< mm mm
Copper Stranded 3) 50 mm?2 1,7 mm min. diameter of
each strand
Solid round 3) 50 mm?2 8 mm diameter
Solid tape 3) 50 mm?2 2 mm min. thickness
Solid round 15 8)
Pipe 20 2 mm min. wall thickness
Solid plate 500 %5002 mm min-thickness
Lattice plate 600 x 830 |25 Xx(2mm section
inim length of lattice
\ comnfiguratipn: 4,8 m
Steel Galvanized solid round 1) 2) 16 9) 10 mm diameter
Galvanized pipe 1) 2) 25 mm\min. jwall thickness
Galvanized solid tape 1) 90 mm?2 3 min. [thickness
Galvanized solid plate 1) 00 00 mm min. fthickness
Galvanized lattice plate 1) 600’ x 600 30 mm x 3 |mm section
Copper coated solid round 4) 14 250 um mifimum radial
Copper codting 99,9 %
\ 6 copper content
Bare solid round 5) 10\mm{digmeter
Bare or galvanized solid S mm 3 mm min. lthickness
tape 5) 6) ’
Galvanized stranded 5) 6) 0 mpn?2 1,7 mm mif. diameter of
each strang
Galvanized cross profile 1)(-\ 0.x
Stainless Solid round A yj mm diameter
7
steel ) Solid tapg 100 mm?2 2 mm min. jthick
1) The ¢oating sh@s us a d}r‘e;e/from flux stains with a minimum thickness of 50|um for round
and 10 um for flabtmateri
2) Thre
3) May
4) The bonded to the steel.
5) Only Bedded in concrete.
6) Only connected together at least every 5 m with the natural reinforcement steel of the
earth
7) Chro %, nickel > 5 %, molybdenum > 2 %, carbon < 0,08 %.
8) In some,countries™ m is allowed.
9) EartH lead in rods are used in some countries to connect the down-conductor to the point where| it enters the

ground.
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6 Internal lightning protection system

6.1 General
The internal LPS shall avoid the occurrence of dangerous sparking within the structure to be

protected due to lightning current flowing in the external LPS or in other conductive parts of
the structure.

Dangerous sparking may occur between the external LPS and other components such as:

— the metal installations;

— thelinternal systems;

— thel|external conductive parts and lines connected to the structure,

NOTE 1 | Sparking occurring within the structure with danger of explosion js a aﬂs case

additiona
NOTE 2

— equi
— elec
6.2 Lightning equipotential bonding
6.2.1 General

Equipotgntialization is ack

strug¢tural metal pa

— metal installations,
intefnal systemg;
1"

— exte

When i ightning

current

Intercor

— bong ng,

- surge protective devices (SPDs), where direct connections with bonding conductofs is not
feasibte.

The manner in which lightning equipotential bonding is achieved is important and shall be
discussed with the operator of the telecommunication network, the electric power operator,
and other operators or authorities concerned, as there may be conflicting requirements.

SPDs shall be installed in such a way that they can be inspected.

NOTE When an LPS is installed, metalwork external to the structure to be protected may be affected. This should
be considered when designing such systems. Lightning equipotential bonding for external metalwork may also be
necessary.
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6.2.2 Lightning equipotential bonding for metal installations

In the case of an isolated external LPS, lightning equipotential bonding shall be established at
ground level only.

For an external LPS which is not isolated, lightning equipotential bonding shall be installed at
the following locations:

a) in the basement or approximately at ground level. Bonding conductors shall be connected
to a bonding bar constructed and installed in such a way that it allows easy access for
inspection. The bonding bar shall be connected to the earth-termination system. For large
structures (typically more than 20 m in length), more than one bonding bar can be

Lightnin ssible.
NOTE W rt of the
lightning
The mi Hifferent
bonding ermination system are
listed in

The min
installat

Tah

ecting different bonding b
-termination system

al metal

ars

Cross-section
mm?2

14

22

50

Table

s of conductors connecting internal metal installations

to the bonding bar

Material crosrsn-;ezction
Copper 5
| to 1V Aluminium Q
Steel 16

If insulating pieces are inserted into gas lines or water pipes, inside the structure to be
protected they shall, with the agreement of the water and gas supplier, be bridged by SPDs

designed for such an operation.

SPDs shall have the following characteristics:

— class | test;

flimp 2 kel with k. being the lightning current flowing along the relevant part of the

external LPS (see Annex C);
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— the protection level Up shall be lower than the impulse withstand level of insulation
between parts;

— other characteristics conforming to IEC 61643-12.
6.2.3 Lightning equipotential bonding for external conductive parts

For external conductive parts, lightning equipotential bonding shall be established as near as
possible to the point of entry into the structure to be protected.

Bonding conductors shall be capable of withstanding the part I; of the lightning current flowing
through them evaluated in accordance with Annex E of IEC 62305-1.

If direct|bonding is not acceptable, SPDs with the following characteristi used:

— clas$ | test;

= JimpR I with I; being the lightning current flowing along the
part|(see Annex E of IEC 62305-1);

— the |protection level Up shall be lower than the img
between parts;

hductive
sulation

— othefr characteristics conforming to IEC 61643-1

NOTE When equipotential bonding is required, but an LPS eqpir he earth-termination of the Idw voltage
electrical |[installation can be used for this purgose, IE 8 proyvid farmation on the conditions|where an
LPS is nof required.

6.2.4 Lightning equipotential bonding for i

It is implerative that lightnj i g isNnstalled in accordance with 6.2.2 a) and
6.2.2 b)

If the ipternal sysiem L sened or located in metal conduits, it may be
sufficient to bon t < orduits (see Annex B).
NOTE Bpnding of scrgé adui ay hot'avoid failure due to overvoltages of equipment connedfted to the

If condd int S exps are neither screened nor located in metal condufts, they
shall bg 3 systems, PE and PEN conductors shall be bondefl to the
LPS dir¢

Bonding condustors and SPDs shall have the same characteristics as indicated in 6.2.p.

If protegtion of internal systems against surges is required, a “coordinated SPD prqtection”
conforming to the requirements of IEC 62305-4, Clause 7 shall be used.

6.2.5 Lightning equipotential bonding for lines connected to the structure to be
protected

Lightning equipotential bonding for electrical and telecommunication lines shall be installed in
accordance with 6.2.3.

All the conductors of each line should be bonded directly or with an SPD. Live conductors
shall only be bonded to the bonding bar via an SPD. In TN systems, PE or PEN conductors
shall be bonded directly or via SPD to the bonding bar.
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If lines are screened or routed into metal conduits, these screens and conduits shall be

bonded;

evaluated in accordance with Annex B.

lightning equipotential bonding for conductors is not necessary provided that the
cross-section S, of these screens or conduits is not lower than the minimum value S

cmin

Lightning equipotential bonding of the cable screens or of the conduits shall be performed
near the point where they enter the structure.

Bonding conductors and SPDs shall have the same characteristics as indicated in 6.2.3.

If protection against surges of internal systems connected to lines entering the structure is
€-62305-4,

require
Clause

NOTE 1
voltage e
where an

NOTE 2

6.3 Electrical insulation of the external LPS

The eleg
metal p
distancs

where

k; de
ke dg
ko  dg
/ is

/ shall be used.

When equipotential bonding is required, but an LPS is not required,
ectrical installation can be used for this purpose. IEC 62305-2 provide
LPS is not required.

For more information concerning equipotential bonding for telecomm

i H bl QDM 4 ' 3 £ H 4 o H Y - 4
, d LouUNUIMatcu  oru prutcuuumn cornormmTyg O Uic TTUUITTITITYILS

[
In-v g

f the low
Ponditions

2305-5.

ructural
viding a

(4)

he point
bonding

k;

0,08

I 0,06

Il and IV 0,04

Table 11 — Isolation of external LPS - Values of coefficient k.

Detailed values
(see Table C.1)
kC

Number of down-conductors
n

1 1

2 1..05

4 and more 1...1/n
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Table 12 - Isolation of external LPS — Values of coefficient k,

Material km
Air 1
Concrete, bricks 0,5

NOTE 1 When there are several insulating materials in series, it is good practice to use the lower value for k,.

NOTE 2 The use of other insulating materials is under consideration.

In the case of the lines or external conductive parts connected to the structure, it is always

necessatyto ensure Iighfning nqnipnfnnfiql hnnding (hy direct connectioa—er conne

ction by

SPD) at/their point of entry in the structure.

In strugtures with metallic or electrically continuous, conne
framew@rk of the structures, a separation distance is not require

einforced,

7 Majntenance and inspection of an LPS

7.1 Application of inspections
The objective of the inspections is to ascertain t

a) the LPS conforms to the design based 0

b) all components of the LPS are in gged con
fungtions, and that there is no corr

c) any]recently added se

7.2 Order of inspec

ons sho

Inspecti

— dur

—  afte

oncrete

esigned

S5

cture to

ruck by

— deterioration and corrosion of air-termination elements, conductors and connections;

— corrosion of earth electrodes;

— earthing resistance value for the earth-termination system;
— condition of connections, equipotential bonding and fixings.
7.3 Maintenance

Regular inspections are among the fundamental conditions for reliable maintenanc

e of an

LPS. The property owner shall be informed of all observed faults and they shall be repaired

without delay.
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8 Protection measures against injury to living beings due to touch and step
voltages

8.1 Protection measures against touch voltages
In certain conditions, the vicinity of the down-conductors of an LPS, outside the structure,

may be hazardous to life even if the LPS has been designed and constructed according to the
above-mentioned requirements.

The hazard is reduced to a tolerable level if one of the following conditions is fulfilled:

a) the
stru

cture and close to the down- conductors is very low;

b) the |Jnatural down-conductor system consists of several colum
framework of the structure or of several pillars of interconnected\ste
with|the electrical continuity assured,;

c) the resistivity of the surface layer of the soil, within 3 m af the down f, is [not less
than 5 kQm.

NOTE A layer of insulating material, e.g. asphalt, of 5cp
genefally reduces the hazard to a tolerable level.

gravel 15fcm thick)

If none
living bgi

njury to

— insu
withp

—  physi
bein

impulse

ductors

Protecti

82 P

In certqi
hazardd

may be
above-

The haz

a) the
areg

ngerous

b) the fesistivity of the surface layer of the soil, within 3 m of the down-conductor, is jnot less
than 5 kG2m.

NOTE 1 A layer of insulating material, e.g. asphalt, of 5 cm thickness (or a layer of gravel 15 cm thick) generally
reduces the hazard to a tolerable level.

If none of these conditions is fulfilled, protection measures shall be adopted against injury to
living beings due to step voltages as follows:

— equipotentialization by means of a meshed earthing system;

— physical restrictions and/or warning notices to minimize the probability of access to the
dangerous area, within 3 m of the down-conductor.

Protection measures shall conform to the relevant standards (see ISO 3864-1).
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Annex A
(normative)

Positioning the air-termination system

A.1 Positioning the air-termination system when utilizing the protective angle

method
The podgiti e to be
protectg ystem
For the [determination of the volume protected only the real physical i I e metal
air-termjnation systems shall be considered.
A.1.1
The vol ar cone
with the he class
of LPS, s of the
protectg

IEC 2098/05

Key

A tip of an air-termination rod

B reference plane

OC radius of protected area

hq height of an air-termination rod above the reference plane of the area to be protected

o protective angle according to Table 2

Figure A.1 — Volume protected by a vertical air-termination rod
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o

h2

Key
hq physig
NOTE Th

to be pro|
plane; oy

A.1.2

The vol
virtual v
in Figur

al height of an air-termination rod

e protective angle a4 corresponds to the air-termination height
fected; the protective angle a, corresponds to the height %
is related to 74 and o, is related to h,.

ume protected by a wire is de
ertical rods having vertexes o
b A3.

bf surface
reference

cted by
e given

IEC 2100/05

NOTE See Figure A.1 for key.

Figure A.3 — Volume protected by a wire air-termination system



https://iecnorm.com/api/?name=971deeed05e0cefd3fa7327f17181bae

62305-3 © |IEC:2006 -73 -

A1.3 Volume protected by wires combined in a mesh

The volume protected by wires combined in a mesh is defined by a combination of the
protected volume determined by the single conductors forming the mesh.

Examples of the volume protected by wires combined in a mesh is given in Figures A.4 and
A.5.

\

R

e

IEC 21p1/05

Figure isolated wires combined in a mesh according|to the

angle method and rolling sphere method
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bossible
A.6).
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h<60m

ZZ,

>60m

r

EEEE  Air termination system

= Radius of rolling sphere

NOTE 1
NOTE 2

Figure

The rolling sphere radius » should co
H = h.

A.6 — Design of &

On all
occur.
strike.

lower thlan 60 m.

For talle
corners

Moreov
as the
Therefo
upper p

tructures highe
ach late OIN
owever,

ew per cent of all flashes will be to the side of the stry

uctures (typically the top 20 % of the height of the structure). In t

the rolli

hag.sphere method will be applied only to the positioning of the air-termination

of the upper part of the structure.

A.3 Positioning of the air-termination system utilizing the mesh method

Y
ZZ

2103/05

method

ire may
point of
ructures

of all flashes will hit the top, horizontal leading edges and

cture.

rapidly
ground.
on the
Nis case
system

For the purposes of protecting flat surfaces, a mesh is considered to protect the whole
surface, dependent upon all of the following conditions being fulfilled:

a) Air-termination conductors are positioned

— on roof edge lines,

— on roof overhangs,

— on roof ridge lines, if the slope of the roof exceeds 1/10.
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NOTE 1 The mesh method is suitable for horizontal and inclined roofs with no curvature.
NOTE 2 The mesh method is suitable for flat lateral surfaces to protect against side flashes.

NOTE 3 If the slope of the roof exceeds 1/10, parallel air-termination conductors, instead of a mesh, may be
used provided the distance between the wires is not greater than the required mesh width.

The mesh dimensions of the air-termination network are not greater than the values given
in Table 2.

The network of the air-termination system is constructed in such a way that the lightning
current will always encounter at least two distinct metal routes to earth termination.

No metal installation protrudes outside the volume protected by air-termination systems.

NOTE 4 Further information can be found in Annex E.

The air-termination conductors follow as far as possible the shortest gad.mast direct

@%

24
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Annex B
(normative)

Minimum cross-section of the entering cable screen
in order to avoid dangerous sparking

The overvoltages between the active conductors and the screen of a cable may cause
dangerous sparking due to the lightning current carried by the screen. The overvoltages
depend on the material, the dimensions of the screen, and the length and positioning of the

cable.

The mi

dangerqus sparking is given by:

where

Iy isth
pe is th
L. is th
is th

C

w

Tabl

D

14

Scmin R T (mm2)

E current flowing on the screen, in kA;
resistivity of the screen, in Qm;
e cable length, in m (see Tabl

b B.1 — Cable Ien?ﬁ%) be co 5|d

I xXpg X L, x10°

Uw

g to the condition of the sc

electron stem fed by the cablg,

nimum  value Sgni, (in mm2) of the cross-sectional area of the screen o avoid

(B.1)

in kV.

reen

Condition P\th&\cr&\n

) Le

In contac

with a soil with re{msw m

AN
\ Le<8 x\p

Insulated

from the s@n K/\ &

\\/ L. distance between the structure and the closest

earthing point of the screen

NOTE It
when the

IEC 62309

— for shie

— for unshi

where
I; is the

current on the screen, in kA;

Wacceptable temperature rise for the insulation of the line cqg
ong line shield or the line conductors. For detailed informg

uld occur
tion, see

is the

number of conductors;

is the cross-section of the screen, in mm2;

is the cross-section of each conductor, in mm2.
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Annex C
(informative)

Partitioning of the lightning current amongst down-conductors

The partitioning coefficient k_ of the lightning current amongst the down-conductors depends
on the overall number of down-conductors n» and their position, the interconnecting ring
conductors, the type of air-termination system and the type of earth-termination system as

indicated in Table C.1.

Table C[T applies for type A earthing arrangements, provided that the earihi
each elgctrode has a similar value, and for all type B earthing arrange ts.

Table C.1 - Values of coefficient k

resis

ance of

7

Type Number of down- \ % \
nt\

of air-tgrmination system conductors -
Earthing an

n

Earthing arrang

type B

ement

Single roq 1

£.1) a)
re C.2) b)

Mesh 4 and more, connecte b}\ 0,44 d
horizontal ring conducto

1/n... 0,5 (see Figur

%
R
TS
Wire 2 66, ) 75... 1 (see Figure
Mesh 4 and more /\ /\:((j> d) O 0,25... 0,5 (see Figu
KX/

2 C.3) ©)

a) Value$ range from k; = 0,5 where ¢ << & to i

b) The efjuation for k. accordin

=1 with 7 X< N(see Kigure C.1).
i . anima ionYor cubic structures and for n > 4. Thd
h, ¢s dnd ¢4 are assumed tobe in m 020 m

values of

¢) If thel down-conductor mtally by/ring conductors, the current distributio is more
homogeneous in the lower stem and k is further reduced. This is espefially valid
for tal| structures.

d) Thesel values z@ i i el&ctrodes with comparable earthing resistances. If earthing
resistances of single garthin S8 rly different, k. = 1 is to be assumed

NOTE GQther values<<{f>a\\m\ay ba\us if det;yed calculations are performed.
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% IEC |2104/05

hirc
k, =——
2h+c
NOTE HE h Q
Figurg C.1 -V ke in the case of a wire air-termination system and a

type Bearth-termination system
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n total n
¢ distan

h spacir

NOTE 1
NOTE 2

IEC 21(5/05

ient k; values, see Figure C.3.

¥ist, they should be taken into account in evaluating k..

coefficient k. in the case of a mesh air-termination system
and type B earth-termination system
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dy > s, = shoyxly,  dp sy =k X1 dy> sy =R kg %y
km km m
k ki ki
de_Se =—Xkc4><le df 2> st =—X(kc1><lf+kc2 Xhz) dg ZSg =—X(k02><lg+kc3><h3+kc4><h4)
km km km
ki ki ki
dgq 25q =——XkgyXly  dp 25y =—Xkeo X1 de 250 =——Xkeg X1
ke ke km
k ki ki
de 25¢ = ———Xkoa Xlg  di 255 =——X(ke1 XIf +keg Xhy)  dg 259 =—"—X(kep XIg+kez X h3 +kca X hg)
T m <y
— c —
c
h1 - C — df._ T - n+0,1+0,2><37
5
L | ds I
a
v v l
F N 1
kCZ = ; + 0,1
’ |~
s (\ 1
kg =—+0,01
: \o>*\ @AN <
1
keg =—
n
D 1
ha kom =kea = "
Key
n Total number of down-conductors
c Distance from the nearest down-conductor
h Spacing (height) between ring conductors
P m Total number of levels
d Distance to the nearest down-conductor
/ Height above the bonding point

2106/05

Figure C.3 — Examples of calculation of the separation distance in the case of a meshed
air-termination system, an interconnecting ring of the down-conductors at each level
and a type B earth-termination system
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Annex D
(informative)

Additional information for LPS in the case of structures
with a risk of explosion

D.1 General

This annex supplies additional information for the design, construction, extension and
modificati i i f f f f

NOTE 1
systems ipstalled in applications where a danger of explosion exists.

brotection

Where protection against lightning is required by the authority s result

of risk gssessment performed in accordance with IEC 62305- should
be adogted. Supplemental information is provided in this apse S.

NOTE 2 ray bk ‘ eghnically jusfified and
authorize i ion level | is allowed in all
cases, e ucture are exdeptionally
sensitive choose to allow] lightning

protection i i the tgensitivity of the contgnts of the
structure

D.2 Additional terms and definiti

In addit ms and

definitio

D.2.1
isolatin

compon ions

NOTE In
result of t|

jnstallation sections are temporarily connected conductivgly as the

D.2.2
solid e

solid ch nixture, or device with explosion as its primary or common purpose

D.2.3
zone 0
place ih—which—a
substances in the form of gas, vapou
frequently

of 39 mivtura Cf air—and £l mable

fal
T o o THrctoT e oot

o
is present continuously or for long periods or

[IEV 426-03-03, modified]

D.2.4

zone 1

place in which an explosive atmosphere consisting of a mixture of air and flammable
substances in the form of gas, vapour or mist is likely to occur in normal operation
occasionally

[IEV 426-03-04, modified]
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D.2.5

zone 2

place in which an explosive atmosphere consisting of a mixture of air and flammable
substances in the form of gas, vapour or mist is not likely to occur in normal operation but, if it
does occur, will persist for a short period only

[IEV 426-03-05, modified]

NOTE 1 In this definition, the word "persist" means the total time for which the flammable atmosphere will exist.
This will normally comprise the total of the duration of the release, plus the time taken for the flammable
atmosphere to disperse after the release has stopped.

NOTE 2 Indications of the frequency of the occurrence and duration may be taken from codes relating to specific
industries or applications.

D.2.6
zone 2(
place in which an explosive atmosphere, in the form of a cloud of
present|continuously, or for long periods, or frequently

e dust 9 air, is

[IEC 61241-10:1997, modified]

D.2.7

zone 21
place in which an explosive atmosphere in the fi
likely toloccur in normal operation occasionally

d\of corfbustible dust in air, is

[IEC 61241-10:1997, modified]

D.2.8

zone 22

place in of a cloud of combustible dust in gir is not
likely to r, will persist for a short period only

[IEC 61

D.3 Basicreq

D.3.1
The lightr should be designed and installed in such a manner| that, in
case of ash, there are no melting or spraying effects except at the| striking
point.

NOTE Spatks or damaging impact at the striking point may also be experienced. This should be faken into
consideration'in the determination of air-termination device locations. Down-conductors should be install¢d in such
a way that the auto-ignition temperature given by the source of the relative hazardous area will not be exceeded in
those applications where it is not possible to install down-conductors outside of the hazardous area.

D.3.2 Required information

The lightning protection system installer/designer should be provided with drawings of the
plant(s) to be protected, with the areas in which solid explosives material will be handled or
stored and hazardous areas according to IEC 60079-10 and IEC 61241-10 appropriately
marked.
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D.3.3 Earthing

A type B arrangement for the earth-termination system, according to 5.4.2.2, is preferred for
all lightning protection systems for structures with danger of explosion.

NOTE The construction of a structure may provide the effective equivalent of the ring conductor of type B
arrangement (for example metallic storage tanks).

The earthing resistance of earth-termination systems for structures containing solid
explosives materials and explosive mixtures should be as low as possible but not greater than
10 Q.

D.3.4 Equipotential bonding

t| g instdllations,
pould be
resent:

Lightning equipotential bonding between LPS components and othe ndu
as well ps between the components of all conductive installations, &

assured inside hazardous areas and locations where solid explgsi

— at gfound level,

— whefe the distance between the conductive parts is istance s

calcplated assuming k; = 1.

NOTE Bgcause of dangerous partial discharges, the separati
without ejxplosive mixtures. In those areas where a spa
equipotential bonding will be necessary in ordesto ensurg
areas.

the areas
, ladditional
azardous

The desgign of lightning protection Xining solid explosive material should
take intp consideration ths i al i the configuration in which it is|jused or
stored. For instance, sp ith xplosive material may not require any additional
considefation other t a 3 Qnt in this annex. However, there arp some
configunations o i aterials that may be sensitive to rapidly changing
electrical fields i 3 I| thing impulsive electromagnetic field. It may be
necessgry to establig jHiti or shielding requirements for such applicatigns.

For str ctures containg i xplosive materials, an isolated external LPS (as ddfined in
es totally contained within a metallic shell of 5 mm thickness

Surge protectivedevices (SPDs) should be provided as part of the LPS for all locationls where
explosive mater|al |s present Where practicable, SPDs should be positioned outside Ipcations
where dolidexplosive mate present—SPDs positioned-inside locations where &€xposed
explosives or exploswe dust is present should be of explosion-proof type or contalned within
explosion-proof enclosures.

G

D.5 Structures containing hazardous areas

D.5.1 General

All parts of the external LPS (air-termination and down-conductors) should be at least 1 m
away from a hazardous zone, where possible. Where this is not possible, conductors passing
within 0,5 m of a hazardous zone should be continuous or connections should be made with
compression fittings or by welding.
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Where a hazardous area is located directly under a metal sheet that may be punctured by
lightning (see 5.2.5) air-termination shall be provided in accordance with the requirements of 5.2.

D.5.1.1 Surge suppression

Surge protective devices should be positioned outside the hazardous zone where practicable.
Surge protective devices positioned inside the hazardous zone should be approved for the
hazardous zone in which they are installed or should be contained within an enclosure and
the enclosures including surge suppression shall be approved for this service.

D.5.1.2 Equipotential bonding

In addition i i ' ial bondi ould be
provided for the lightning protection system in accordance with the normati ifernents of

Connec o current
passage, there is no sparking. Suitable connections to pipingare we S bolts or
tap holgs in the flanges for taking up screws. Connections b i allowed

if, in the instance of lightning currents, ignition protectio
are utiliged to ensure the reliability of the connectio
joining ¢f connection and earthing leads to containerg

s and procedures
e’ provided for the

D.5.2 Structures containing zone

Structunes where areas defined as 2« ) ay not require supplemental
protectipn measures.

mns, reactors, containers with areas

For protuction facilities m
I meeting the requirements of [fable 3,

containing zones 2 and 2
the follgwing applies:

— air-terminatiop~devices and, dqQ grs are not required,;
— production fae > d according to Clause 5.

D.5.3

For stru o : ed as zones 1 and 21 exist, the requirements for zongs 2 and
22 apply wi i i

— if th ; RsWatienpieces in pipelines, the operator should determine the protective
mea «—RQr instance, a disruptive discharge can be avoided by the use of explosion-
ipg spark gaps;

protécted,isola

— the i
explosion-endangered areas.

D.5.4 Structures containing zones 0 and 20

For structures where areas defined as zones 0 and 20 exist, the requirements of D.5.3 apply,
supplemented by the recommendations given in this clause as applicable.

Lightning equipotential bonding connections between the lightning protection system and
other installations/structures/equipment will be carried out with the agreement of the system
operator. Lightning equipotential bonding connections utilizing spark gaps may not be made
without the agreement of the system operator. Such devices shall be suitable for the
environment in which they are installed.

For outdoor facilities with areas defined as zones 0 and 20, the requirements for zones 1, 2,
21 and 22 apply with the following additions:
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— . electrical equipment inside tanks containing flammable liquids should be suitable for this
use. Measures for lightning protection should be taken according to the type of
construction;

. — closed steel containers with areas defined as zones 0 and 20 inside should have a wall
thickness of at least 5 mm at the possible lightning striking points. In the case of thinner
walls, air-termination devices should be installed.

D.5.5 Specific applications
D.5.5.1 Filling stations

At filling stations for cars, railways, ships etc., with hazardous areas defined as zones 2 and

22, the] metal pipelines should be earthed according to Clause 5. Pipelines shpuld be
connected with steel constructions and rails, where existing (if neces via isofatir]g spark
gaps ag : railway
currents gnd the
like. De

D.5.5.2

Certain vapours
or used , y within
continugus metallic containers having a thickness\o f mm of
aluminid i i covered
tanks a 3 entation
or electrics used inside this equipment _shoyld ires for
lightning

Isolated| tanks or containe s on the
greates{ horizontal dimens i

— up tg 20 m: once

— overn20 m: t

For tanks in tank fa tank at
one poi i anks in
tank far ith—each other. Beside connections according to Tablgs 7 and
8, pipel ted so that they are electrically-conductive according fo 5.3.5,
may als

NOTE In URtries additiohal requirements may exist.

In the gase of\floating-roof tanks, the floating-roof should be effectively bonded to the main
tank shell, The design of the seals and shunts and their relative locations needs to be
carefully_cansidered so that the risk of any ignition of a possible explosive midture by

incendiary sparking is reduced to the lowest level practicable. When a rolling ladder is fitted, a
flexible bonding conductor of 35 mm width should be applied across the ladder hinges,
between the ladder and the top of the tank and between the ladder and the floating roof.
When a rolling ladder is not fitted to the floating-roof tank, one or more, (depending on the
size of the tank), flexible bonding conductors of 35 mm width, or equivalent, shall be applied
between the tank shell and the floating roof. The bonding conductors should either follow the
roof drain or be arranged so that they cannot form re-entrant loops. On floating roof tanks,
multiple shunt connections should be provided between the floating-roof and the tank shell at
about 1,5 m intervals around the roof periphery. Material selection is given by product and/or
environmental requirements. Alternative means of providing an adequate conductive
connection between the floating roof and tank shell for impulse currents associated with
lightning discharges are only allowed if proved by tests and if procedures are utilized to
ensure the reliability of the connection.
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D.5.5.3 Pipelines

Overground metal pipelines outside the production facilities should be connected every 30 m
to the earthing system, or should be earthed by a surface earthing electrode or an earthing
rod.

The following applies for long distance lines for the transport of flammable liquids.

— in pumping sections, sliding sections and similar facilities, all lead-in piping including the
metal sheath pipes should be bridged by lines with a cross-section of at least 50 mm?2;

— the bridging lines should be connected with specially welded-on lugs, or by screws which
are_self-loosening, secure to the flanges of the lead-in pipes Insulating-pieces should be

bridged by spark gaps.

D.6 Inspection and maintenance

Recommendations on the inspection and maintenance of lig
provided in Clause E.7.

&
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Annex E
(informative)

Guidelines for the design, construction, maintenance

and inspection of lightning protection systems

E.1 General

This annex provides guidance on the physical design and construction, maintenance and

inspectipmofantPS bUllfUlllI;lly to-thits—standard:
This anpex should be used and is only valid together with other part

Examplgs are given of protection techniques, which have
experts

NOTE The examples given in this annex illustrate one possible method of achj
may be equally valid.

E.2 $tructure of this annex

In this gnnex the main clause numbers
gives an easy reference between the two\par

To achig¢ve this goal, Claus NK

E.4.1

The con
measur
level fo
applies.

The LP$ should be™désigned and installed by LPS designers and installers.

rs of the main docume

national

methods

nt. This

st other
ptection
52305-2

The designer and installer of an LPS should be capable of assessing both the electrical and
mechanical effects of the lightning discharge and be familiar with the general principles of

electromagnetic compatibility (EMC).

Furthermore, the lightning protection designer should be capable of assessing corrosion

effects and judging when it is necessary to seek expert assistance.

The lightning protection installer should be trained in the proper installation of the LPS
components in accordance with the requirements of this standard and the national rules

regulating construction work and the building of structures.
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The functions of an LPS designer and installer may be performed by the same person.
A thorough knowledge of the relevant standards and several years of experience is required
to become a specialized designer or installer.

Planning, implementation and testing of an LPS encompasses a number of technical fields
and makes demands for coordination by all parties involved with the structure to ensure the
achievement of the selected lightning protection level with minimum cost and lowest possible
effort. The management of the LPS should be efficient if the steps in Figure E.1 are followed.
Quality assurance measures are of great importance; in particular for structures including
extensive electrical and electronic installations.

@%
8
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Characteristics of the structure to be
protected

Risk assessment and determination of
required protection level

Selection of type of external LPS

»

Type of materials

Sizing of lightning Naturgl
(porrosion problems) protection components compongnts
(flammable surfaces)

L NN 7

\_ N \
| Air-terminationsysterg\ \\ \/

Horizontal Vertical verh ad Nptural
rooiconductors air-termlnatlon 't ination terninations
mejsh system g{\

N\

|
@owwm\smm
A= SN

tural
ponents

(2]
o
32

Diesign of Nnc led j Number
downt conductors Q% exposed required

N | |
/\< RN *

\>Earth-termination system

B e ound\f% > A or A and B type earth Natura
<%¢ec\o electrodes compongnts
S +

Internal LPS design

Proximities and SPD
cable routing

Bonding and
screening

LPS design drawings and specifications

IEC 2107/05
NOTE Interfaces @ require the full cooperation of the architect, engineer and lightning protection designer

Figure E.1 — LPS design flow diagram
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The quality assurance measures extend from the planning stage, in which all drawings should
be approved, through the LPS construction stage during which all essential parts of the LPS
inaccessible for inspection after the construction works have been finished should be
checked. Quality assurance measurement continues through the acceptance stage, when final
measurements on the LPS should be performed together with the completion of the final test
documentation and finally through the entire lifetime of the LPS, by specifying careful periodic
inspections in accordance with the maintenance programme.

Where modifications are made to a structure or its installations, a check should be made to
determine whether the existing lightning protection still conforms to this standard. If it is found
that the protection is inadequate, improvements should be implemented without delay.

It is redommended that the materials, extent and dimensions of the ajrfterminatian,|system,
down-cgnductors, earth-termination system, bonding, components, etc/ h to this
standard.

E.4.2 Design of the LPS
E.4.2.1 Planning procedure
Before any detailed design work on the LPS is com Ng protection designer

should, |[where reasonably practical, obtain basic infornfa g’the function, |general
design, |construction and location of the structure

Where [the LPS has not already b by \the ligensing authority, ingurer or
purchaser, the lightning protection designer s ing whether or not to prdtect the
structurg with an LPS by following the assessment given in IEC 62805-2.

E.4.2.2
E.4.2.2./1
In the design a structure, the LPS designer, LPS instgller and

all othef perso YN i atjons in the structure or for regulations pertgining to
the use [of the stru e.g. sER architect, builder) should be in consultation regularly.

The flow di ' [ .1 will facilitate the rational design of an LPS.

In the dgsSign X stion stages of an LPS for an existing structure, consultation$ should
be held 5 anaply practical with the persons responsible for the structure,|its use,
installat i

The corjsultations may have to be arranged through the owner, the building contractgr of the
structure or their appointed representative. For existing structures, the LPS designer should
provide drawings which should be modified by the LPS installer, where necessary.

Regular consultations between the involved parties should result in an effective LPS at the
lowest possible cost. For example, the coordination of LPS design work with construction
work will often do away with the need for some bonding conductors and reduce the length of
those which are necessary. Building costs are often reduced substantially by the provision of
common routes for various installations within a structure.
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Consultation is important throughout all stages of the construction of a structure as
modifications to the LPS may be required due to changes in the structure design.
Consultation is also necessary so that arrangements can be agreed to facilitate inspection of
the parts of the LPS which will become inaccessible for visual control after the structure is
completed. In these consultations, the location of all connections between natural
components and the LPS should be determined. Architects are normally available to arrange
and coordinate consultation meetings for new building projects.

E.4.2.2.2 The principal consulting parties

The lightning protection designer should hold relevant technical consultations with all parties
involved in the design and construction of the structure, including the owner of the structure.

Particul@r areas of responsibility for the total installation of the LPS shomd defineqd by the
LPS degigner in conjunction with the architect, electrical contractor ildi ntragtor, the
LPS ingtaller (LPS supplier) and, where relevant, a historical adviseh an Wner or
owner’s|representative.

The clafification of responsibility for the various parties ifivol i 8 t of the
design and construction of the LPS is of particular impertance. AQ,example might bg where
the watérproofing of the structure is punctured by rg6 KPS components or by earth

E.4.2.2.2.1 Architect

d) detdlils of any equip > ant installations, etc. to be installed on, Within or
neafr the str@ ’ ‘ oving of installations or may require bopding to
the LPS becalise of distance. Examples of installations are alarm qystems,

secyrity systep etecommunication systems, signal and data prqcessing

syst

and the division of responsibility for primary fixings of thel LPS to
the |structurex~ Fop example, those affecting the water tightness of the fabric|(chiefly

roof|ng), etc;

h) conductive matertals to be used In the Structure, especiaify any continuous metal which
may have to be bonded to the LPS, for example stanchions, reinforcing steel and metal
services either entering, leaving, or within the structure;

i) the visual impact of the LPS;
j) the impact of the LPS on the fabric of the structure;

k) the location of the connection points to the reinforcing steel, especially where they
penetrate external conductive parts (pipes, cable shields, etc.);

I) the connection the LPS to the LPS of adjacent buildings.
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E.4.2.2.2.2 Public utilities

Bonding of incoming services to the LPS directly or, if this is not possible, through spark gaps
or SPD should be discussed with the operator or authorities concerned, as there may be
conflicting requirements.

E.4.2.2.2.3 Fire and safety authorities

Agreement should be reached with the fire and safety authorities on the following items:

the positioning of alarm and fire extinguishing system components;

routes, construction material and sealing of ducts;

— the rlnethod of protection to be used in the case of a structure with a f.

E.4.2.2P.4 Electronic system and external antenna installe

Agreement with the electronic system and antenna installé on the

following items:

— the isolating or bonding of aerial supports and condu s to the IPS;

— the fouting of aerial cables and internal network;

— instgllation of surge protective devices.

E.4.2.2.5 Builder and installer

Agreement on the following items should bg-reachev ween the builder, installer, and those

responglible for construction.of the stru its echpical equipment:

a) the form, position fixing$\of the LPS to be provided by the Huilder;

b) any[fixings provided b e LPS contractor or the LPS suppligr) to be
installed by % ife

c) the position o s S placed beneath the structure;

d) wheth | are to be used during the construction phjase, for
exa ermination network could be used for earthing|cranes,
hois s during construction work on the site;

e) for g e number and position of stanchions and the form of [fixing to
be ry onnegtion of earth terminations and other components of the LPY;

f) whe erings, where used, are suitable as components of the LPS;

g) the method of~ensudring the electrical continuity of the individual parts of the coverihgs and
their method of connecting them to the rest of the LPS where metal coverings are [suitable
as mponents of-the PS5

h) the nature and location of services entering the structure above and below ground

including conveyor systems, television and radio aerials and their metal supports, metal
flues and window cleaning gear;
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i) coordination of the structure's LPS earth-termination system with the bonding of power
and communication services;

j) the position and number of flag masts, roof-level plant rooms, for example lift motor
rooms, ventilation, heating and air-conditioning plant rooms, water tanks and other salient
features;

k) the construction to be employed for roofs and walls in order to determine appropriate
methods of fixing LPS conductors, specifically with a view to maintaining the water-
tightness of the structure;

I) the provision of holes through the structure to allow free passage of LPS down-
conductors;

m) the provision of bonding connections to steel frames, reinforcement bars and other

condluctive parts of the structure;

n) the |frequency of inspection of LPS components which will bed¢ome ble, for
example steel reinforcing bars encapsulated in concrete;

o) the |most suitable choice of metal for the conductors rrosion,
espIciaIIy at the point of contact between dissimilar metals

p) accgssibility of test joints, provision of protection/b against
medhanical damage or pilferage, lowering of flag ma acilities
for geriodic inspection especially for chimneys;

q) the preparation of drawings incorporating the a tions of
all conductors and main components;

r) the

E.4.2.3

E.4.2.3.

The LP$ fruction.

This me pther an

isolated ould be

used.

Soil res| an LPS

and sho

During { hductive

parts of ance or

act as ¢

It is the|re€sponsibility of the LP [ r uate the ele a briies of

natural eempenents—oftheLRSand-te-ensure-that-they-econfermto-theminimum—reqaitements

of this standard.

The use of metal reinforcing, such as steel reinforced concrete, as lightning protection
conductors requires careful consideration, and knowledge of the national construction
standards applicable to the structure to be protected. The steel skeleton of reinforced
concrete may be used as LPS conductors or may be used as a conductive shielding layer to
reduce the electromagnetic fields generated by lightning in the structure as the lightning
currents are conducted through an isolated LPS. This LPS design makes protection easier, in
particular for special structures containing extensive electrical and electronic installations.

A stringent construction specification for down-conductors is required in order to meet the
minimum requirements for natural components given in 5.3.5.
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E.4.2.3.2 Mechanical design

The lightning protection designer should consult with the persons responsible for the structure
on mechanical design matters following the completion of the electrical design.

Aesthetic considerations are particularly important as well as the correct selection of materials
to limit the risk of corrosion.

The minimum size of lightning protection components for the various parts of the LPS are
listed in Tables 3, 6, 7, 8 and 9.

The ma arigle nenad far tha | DQ ~n~amnAnAante ara lictad 1n Toahia B
CTroo oo C OOt e = o SO pP o et ar Crote o —Taoe—o-

NOTE Fpr selection of other components, such as rods and clamps, reference m

e teNhe EN 50164
series. THis will ensure that temperature rise and mechanical strength of such compgn i

account.

Where ( >>and 7,
using th of LPS
given in berature
rise of ductors
accordingly.

When e s are to
be atta 3 b nductor
cross-s¢ctions should be specified o F such as
the use i

The LHS designer should identify iof < ropriate
measures.

The cofrosion effects [or_th 8 ed either by increases in material gize, by
‘ aking other corrosion protection measures.

using carrosion resistive cogmponent

The LP$ designer: ] installer shoupd specify conductor fasteners and fixtures which will
withstar i i Mightning current in the conductors and also allow for
the expansion any i ofconductors due to the increase in temperature that o¢curs.

E.4.2.4

E.4.2.4.

The partitioning ©q
the overall,number
conduc =
Table C.1 and Figures C.2 and C.3).

oient k. of the lightning current among the down-conductors depgnds on
and on the position of the down-conductors, the interconnecting ring
' inati inati m (see

For the determination of k. on roofs when earthing arrangement type A is installed, Figure E.2
may be used.

The necessary separation distance depends on the voltage drop of the shortest path from the
point where the separation distance is to be considered, to the ground electrode or the
nearest equipotential bonding point.


https://iecnorm.com/api/?name=971deeed05e0cefd3fa7327f17181bae

62305-3 © IEC:2006 - 119 -

‘-

h 0,33 | 0,50 | 1,00 | 2,00

ke 0,57 | 0,60 | 0,66 | 0,75
\
\

¢ Distance from the
? ke 0,47 | 0,52 | 0,62 | 0,73

L%

r

e

SR A\

L

ey

0,50

P

ke

0,39

0,47

0,59

of k., shown in the
refer to thg down-
tors represenfed by a
line and a strike point

The location of the doyn
conductor (to be considered
for k;) is to be compargd with
the figure representatjve for
that down-conductor

The actual relation c/f is to
be determined.
If this relation ranges between

two values in the columns,
ke may be found by intgrpolation

NOTE 1
Additional down-condyctors
With more distance th@n

illustrated in the figurds are
of nsignificant influende.

NOTE 2
In case of interconnecfing

ring-conductors below|the ridge
see Figure C.3

NOTE 3

\
W
ke
. !

0,31

0,35

0,45

0,58

The values are determined by
simple calculation of parallel
impedances following the
formula of Figure C.1
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0,33 | 0,50

1,00

2,00

0,31 | 0,33

0,37

0,41

0,28 | 0,33

0,2< 0,3

P
table, refer to th

conductors represent]
thick line and a strike

he values of k¢, sho

NOTE 1
Additional down-condy

0,2 0,25

0,21 | 0,24

0,35

With more distance th

of nsignificant influend

NOTE 2

In case of interconnec
ring-conductors below
see Figure C.3

NOTE 3

The values are determ
simple calculation of p|
impedances following
formula of Figure C.1

illustrated in the figurds are

onductor
e xt

g point
tion

wn in the
e down-
ed by a
boint

ctors
n

e.

ing
the ridge

ined by
arallel
he

0,20 | 0,23

0,29

0,35

Figure E.2 — Values of coefficient k. in case of a sloped roof with air-termination

on the ridge and a type B earthing system

IEC 2108/05
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If the conductor has the same current flowing down its total length, the formula for the
necessary separation distance in air is given by

5=k X kg X 1 (E.1)

If the conductor has different values of current flowing down its length due to current division
the equation has to consider the different (reduced) currents flowing down each section of the
conductor. In that case:

s = kl(kC1 X l1 + k02 X 12+....+ kcn X ll”l) (E2)

The point of the strike, essential for £, and the point where the separation distance is to be
considefed, may be different.

E.4.2.4.p Structure with a cantilevered part

ibn from
h on the
ion:

becomir
cantilevpe

(E.3)
where sli

The val tretches

his arm

- /

IEC 2 109/05

d Actual distance > s
s Separation distance according to 6.3
! Length for the evaluation of separation distance s

NOTE The height of the person with raised hand is taken to be 2,5 m.
Figure E.3 — LPS design for a cantilevered part of a structure
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Loops in a conductor as shown in Figure 1 can produce high inductive voltage drops, which
can cause a lightning discharge to pass through a structure wall thereby causing damage.

If the conditions in 6.3 are not met, arrangements should be made for direct routing through
the structure at the points of re-entrant lightning conductor loops for those conditions shown
in Figure 1.

E.4.3 Reinforced concrete structures
E.4.3.1 General

Industrial structures frequently comprise sections of reinforced concrete which are produced
on site.[fmTmany other tases, parts of the structure Tmay consistof prefabricatedgoncrete
units or|steel parts.

Steel rginforcement in reinforced concrete structures conforming
natural component of the LPS.

pd as a

Such ngtural components must fulfil the requirements of:

— dowp-conductors according to 5.3;
— earth-termination networks according to 5.4.

Moreover, the conductive reinforce brm the

cage for potential equalization of the i

electro-
ht from

Furthermore, the steel reinforcement
magnetic shield, which in
interfergnce caused by lightning ¢

If the reinforcement aof ure are

connected both e to 4.3,
effectivg protect

The cur inj einforcing rods is assumed to flow through a large number of
parallel i he' resulting mesh is thus low and, as a consequefpce, the
voltage Mg current is also low. The magnetic field generateq by the

current |i q ¢ esh is weak due to the low current density and the|parallel
current hs_\geR@rating\ opposing electromagnetic fields. Interference with neighbouring
internal i ductor's is correspondingly reduced.

NOTE Fpr protectionagaipst electromagnetic interference, see IEC 62305-4 and IEC 61000-5-2.

When a|room is totally enclosed by steel-reinforced concrete walls whose electrical cntinuity
conforms to 4.3, the magnetic field due to lightning current flowing through the reinforcement
in the vicinity of the walls is lower than that in a room of a structure protected with
conventional down-conductors. Owing to the lower induced voltages in conductor loops
installed inside the room, protection against failures of internal systems may be easily
improved.

After the construction phase, it is nearly impossible to determine the layout and construction
of the reinforcement steel. Therefore, the layout of the reinforcement steel for the purpose of
lightning protection should be very well documented. This can be done utilizing drawings,
descriptions and photographs taken during the construction.
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E.4.3.2 Utilization of reinforcement in concrete

Bonding conductors or grounding plates should be furnished in order to provide reliable
electrical connection to the reinforcement steel.

Conductive frames that, for example, are attached to the structure may be used as natural
LPS conductors and as connection points for the internal equipotential bonding system.

A practical example is the use of foundation anchors or foundation rails of machines,
apparatus or housings, to achieve potential equalization. Figure E.4 illustrates the
arrangement of the reinforcement and the bonding bars in an industrial structure.

® C% ik&

LY, rive

/)

¥

- ©
2

()

IEC 2110/05

Key
1 Electrical power equipment 6 Bonding bar
2 Steel girder 7 Steel reinforcement in concrete (with superimposed
3 Metal covering of the facade mesh conductors)
4 Bonding joint 8 Foundation earth electrode
5 Electrical or electronic equipment 9 Common inlet for different services

Figure E.4 — Equipotential bonding in a structure with a steel reinforcement
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The location of bonding terminations in the structure should be specified at an early planning
stage in the design of the LPS and should be made known to the civil works contractor.

The building contractor should be consulted to determine whether welding to the reinforcing
rods is permitted, whether clamping is possible or whether additional conductors should be
installed. All necessary work should be performed and inspected prior to pouring of the
concrete (i.e. planning of the LPS should be carried out in conjunction with the design of the
structure).

E.4.3.3 Welding or clamping to the steel-reinforcing rods

The continuity of the reinforcing rods should be established by clamping or welding.

NOTE Cjamps conforming to EN 50164-1 may be considered suitable.

Weldind to the reinforcing rods is only permitted if the civil works designer congents. The
reinforc|ng rods should be welded over a length not less than 30 mm’ (

o N

@Q“\Q/@

A
N\

IEC 2111/05

Key
1 Reinforcing bars

2 Welded seam at least 30 mm long

Figure E.5 — Welded joints of reinforcing rods in reinforced concrete, if permitted
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The connection to outside components of the lightning protection system should be
established by a reinforcement rod brought out through the concrete at a designated location
or by a connecting rod or ground plate passing through the concrete which is welded or
clamped to the reinforcing rods.

Where joints between the reinforcing rods in concrete and the bonding conductor are made by
means of clamping, two bonding conductors (or one bonding conductor with two clamps to
different reinforcing bars) should always be used for safety reasons, since the joints cannot
be inspected after the concrete has set. If the bonding conductor and reinforcing rod are
dissimilar metals, then the joint area should be completely sealed with a moisture inhibiting
compound.

Figure H ductors.

Figure B

The bor
atthe b

flowing

i IEC 2112/05

conhductor to a reinforcing rod

S 3

IEC 2113/05

Figure E.6b — Solid tape conductor to a reinforcing rod

Key

1 Reinforcing rod

2 Circular conductor
3 Screw

4 Tape conductor

Figure E.6 — Example of clamps used as joints
between reinforcing rods and conductors
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|

i

IEC 2114/05 EC 2196/05

Figure E.7a Figure E.7b

]
\\

=

A

’

7

IEC 2117/05

N

Figure E.7d

Key

Bonding cenductor

Nut we|ded“to steel bonding connector

Steel-bonding connector*

Cast in non ferrous bonding point
Stranded copper bonding connector
Corrosion protection measure
C-steel (C-shaped mounting bar)
Welding

The steel-bonding connector is connected at many points by welding or clamping to the steel reinforcing bars.

* 00 N O O b WODN =

NOTE Construction shown in Figure E.7c is not a generally accepted solution in terms of good engineering
practice.

Figure E.7 — Examples for connection points to the reinforcement
in a reinforced concrete wall
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E.4.3.4 Materials

The following materials can be used as additional conductors installed in concrete for
lightning protection purposes: steel, mild steel, galvanized steel, stainless steel and copper.

The use of galvanized steel rods in concrete is sometimes not permitted by the civil works
contractor. This is based on a misunderstanding. The reinforcement steel is made passive by
the concrete, resulting in a high potential protecting it from corrosion.

In order to avoid confusion between the different types of steel rods in concrete, it is
recommended that round steel rods of at least 8 mm diameter with a smooth surface be used
as additional conductors in contrast to the ordinary ribbed surface of the reinforcing rods.

E.4.3.5 Corrosion

Where gteel reinforcement bonding conductors are brought through\a Brticular
attention should be paid to protection against chemical corrosiq

bitumen
50 mm

The simplest corrosion protection measure is the provi
finish in| the vicinity of the exit point from the wall, e.g
or more|outside the wall (see Figure E.7c).

b iS no
fed wire
is used (see Figure E.7b). For stain ce with

Tables § and 7, no corrosion preventio

In the pase of extremely”a i i bonding
conduc inles

NOTE Galvanized steel outs ete~i ac ay, under
certain ci S

When dast-in ty
corrosign on the oyf
contact through t

against
lectrical

For mor

on the
pbrms an
electrically conductive link, so that practically all the rods of the reinforcement are electrically
interconnected. Measurements carried out on reinforced concrete structures support this
conclusion.

So for lightning-carrying connections welding and clamping are the preferred methods.
Lashing as a connection is suitable for additional conductors for equipotentialization and for
EMC purposes only.

Connections of external circuits to the interconnected reinforcement should be performed by
means of clamps or by welding.
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Welds within concrete should be at least 30 mm long. Crossing rods should be bent to run for
at least 50 mm in parallel prior to welding.

When welded rods need to be cast into concrete, it is not sufficient to weld at crossing points
with weld seam lengths of only a few millimetres. Such joints frequently break when the
concrete is poured.

Figure E.5 shows correct welding of bonding conductors to the reinforcing rods of the
reinforced concrete.

Where welding to the remforcmg rods |s not permitted, clamps or additional dedicated

conduc fid steel,
galvaniz number
of reinfg lities of
the reinforcement steel.

NOTE Where welding is permitted, both conventional welding and exothe together
with the appropriate welding methods.

E.4.3.7 Down-conductors

The reinforcing rods of walls or concrete columns aid e al_fre used as
natural down-conductors. A termination joint sho - i on the roof to facilitate the
connectjon of the air-termination systém | ation is
being used as the only earth terminatio jgi illtate the
connectjon with the earth-termination system

When up > ould be
taken in S 8 is located in the same positiop will be
used all [

When t . ath from
roof to ground ¢ ‘ ie [ . These
addition S

Wherevgr there is e i - i.e. existing
building

FiguresH 2 inforced
concrete st RS. 3 .5.4.3. i lements
as founglation<earth electrodes.
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it e T

EC 2118/05

Key

Metallie’ covering e roof parapet

Joint between facade plates and air-termination

Horizontal air-termination conductor
Metallic fagade segment covering
Equipotentialization bar of the internal LPS
Joint between fagade plates

Test joint

Steel reinforcement in concrete

© 0O N O O »h ODN -

Type B ring earth electrode

10 Foundation earth electrode

An applicable example may utilize the following dimensions a=5m b=5m ¢=1m.
NOTE For the joints between the plates, see Figure E.35.

Figure E.8a — Use of a metallic fagade covering as a natural down-conductor system on a structure of steel
reinforced concrete
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Key
Verticpl frame
Wall flxing

Conngctors

A W N =

Horizqntal frame

Figure 58 -

Internal
means

cted by
lectrical

Steel rejpforcing reds of individual prefabricated concrete elements and the reinforcing rods of
@ 8 rete walls should be connected to the reinforcing rods ¢f floors
and roofs befare the ¥|oors and roofs are cast.

Extensiye/continuously conductive parts exist within the reinforcing of all constructional
elements,\which are cast with concrete on site, for example, walls, columns, stairs|and lift
shafts. If floors are constructed of site-cast concrete, the down-conductors in the individual
columns and walls should be interconnected by means of their reinforcing rods to ensure an
even distribution of the lightning current. If floors are constructed of prefabricated concrete
elements, such connections are generally not available. However, at little extra cost it is
generally possible to prepare joints and terminations to connect the reinforcing rods of the
individual prefabricated concrete elements to the reinforcing rods of the columns and walls
before the floors are cast by insertion of additional connecting rods.

Prefabricated concrete elements used as suspended facades are not effective for lightning
protection as bonding connections are not provided. If highly effective lightning protection is
to be provided for equipment installed within a structure, such as office buildings with
extensive information-processing equipment and computer networks, it is necessary for the
reinforcing rods of such facade elements to be interconnected and connected to the
reinforcing rods of the load-bearing elements of the structure in such a manner that the
lightning current can flow through the complete outer surface of the structure (see
Figure E.4).
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If continuous strip windows are installed in the outer walls of a structure, it is essential that a
decision be taken as to whether the connection of the prefabricated concrete parts above and
below the continuous strip windows should be made by means of the existing columns or
whether they should be interconnected at smaller intervals corresponding to the window pitch.

Extensive integration of conductive parts of the outer walls improves the electromagnetic
shielding of the interior of the structure. Figure E.9 shows the connection of a continuous strip
windows to a metal facade covering.

IEC P120/05

Key
Joint between a f )

Metalli¢ fagcade plate
Horizo
Vertica
Windo

a b WO N =

Figurn ering
If steel bcted to
the stepliseinforcing rods of the concrete foundation by bonding points as shown in
Figure B e Hrg—b vithir—the—rein of—a—struetd rould be
interconnected by means of vertical conductors which should be manufactured of mild steel
suitable for welding. New structures of steel-reinforced concrete should be constructed in
accordance with 4.3.

NOTE For more information on the use of steel reinforcement of structure walls for the purpose of electro-
magnetic shielding, see IEC 62305-4.

In the case of large, low buildings such as halls, the roof is supported not only at the building
circumference but also by internal columns. Conductive portions of the columns should be
connected to the air-termination system at the top and to the equipotential bonding system at
the floor, creating internal down-conductors. Increased electromagnetic interference occurs in
the vicinity of such internal down-conductors.
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Steel skeleton constructions generally use steel roof girders connected by means of bolted
joints. Provided the bolts are tightened with the force required to achieve mechanical
strength, all bolted steel parts may be considered electrically interconnected. The thin paint
layer is pierced by the lightning current on initial discharge thus forming a conductive bridge.

The electrical connection may be improved by baring the seating surface of the bolt heads,
bolt nuts and washers. A further improvement can be achieved by provision of a welding seam
approximately 50 mm long after completion of the structural assembly.

On existing structures with extensive conductive parts in/on the outer walls, the continuity of
conductive parts should be established for use as down-conductors. This technique is also

recom ve to be
maintaiped in addition to the demands for protection against LEMP.

Intercorinected equipotentialization bars should also be provided '}llization
bar shopld be connected to the conductive parts in the outer walls s is may
already| be provided by the horizontal reinforcing bars a d each
subsequent floor level.

If possilble, a connection point to the steel reinforce N1 9 imthe wall sHould be
provided. The connection should be made to at least/thr

In largq structures, the equipotentialiZati - A ing zonductor. In such cases

ade every 10 m. OtHer than
measure¢s which may be prescribed for special measures to |connect

the reinforcement of the structure to the

E.4.3.8 Equipotentializa

When g large numberPNof bondi i Hifferent
floors apd a significant inte is gi utilizing
the reinfforcing r « p j of the

inner spgace of th oncrete
on the geparate floo vertical
rods at |ntervals

This arr y where
the magnij

A mesh buld be

designe

E.4.3.9 L —Feundationas-earth-termination

For large structures and industrial plants the foundation is normally reinforced. The reinforcing
rods of the foundation, foundation slab and outer walls in the region below the soil surface of
such structures form an excellent foundation earth electrode, provided the requirements of 5.4
are satisfied.

The reinforcing rods of the foundation and the buried walls can be used as a foundation earth.

This method achieves good earthing at minimum cost. In addition, the metal enclosure,
consisting of the steel reinforcement of the structure, in general offers a good potential
reference for the electric power supply, telecommunication and electronic installations of the
structure.
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In addition to the interconnection of the reinforcing rods by wire-lashing, the installation of an
additional meshed metal network to ensure good joints is recommended. This additional
network should also be lashed to the reinforcement steel. The terminal conductors for
connections of external down-conductors or structure elements used as down-conductors and
for connection of the earth-termination installed externally should be brought out of the
concrete at suitable points.

In general, the reinforcing of a foundation is electrically conductive except in cases where
gaps are provided between different parts of the structure to allow different settling rates.

Gaps between conductive structure parts should be bridged by bonding conductors
conforming to Table 6 using clamps and joints in accordance with 5 5

Reinfor¢ing rods of concrete columns, piers and walls standing on
connected to the reinforcing rods of the foundation and to the conduy

ould be
gof.

Figure .10 shows the design of the LPS of a reinforced concré& e piers,

walls arld a roof with conductive parts.

&
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IEC 2121/05

Key
1 LPS co

2 Steel r¢inforcement in a concrete column

nductor passing/a watertight bushing

3 Steel reinforcement in concrete walls

NOTE The steel reinforcing of an internal column becomes a natural internal down-conductor when the steel
reinforcing of the column is connected to the air-termination and the earth-termination of the LPS. The
electromagnetic environment near the column should be considered when sensitive electronic equipment is
installed near the column.

Figure E.10 — Internal down-conductors in industrial structures

When welding to reinforcing is not allowed, additional conductors should be installed in the
piers, or the connections should be implemented by means of tested joints. These additional
conductors should be lashed to the reinforcing steel.


https://iecnorm.com/api/?name=971deeed05e0cefd3fa7327f17181bae

62305-3 © IEC:2006 - 151 -

After completion of construction and connecting all the services to the building via an equi-
potential bonding bar, it will often be impossible in practice to measure the earthing resistance
as part of the maintenance programme.

If in certain conditions it is not possible to measure the earthing resistance of the foundation
earth, the installation of one or more reference earth electrodes close to the structure provide
a possible method of monitoring the changes in the environment of the earthing system over
the years by performing a circuit measurement between the earth electrode and the
foundation earthing system. However, good equipotentialization is the main advantage of the
foundation earthing system and the resistance to earth tends to be less important.

E.4.3.1Q__Installation procedures

All lightning protection conductors and clamps should be installed by t

e |LPS.

Agreemgnt should be reached with the civil works contractor in suf i re that
the timg schedule for construction work is not exceeded as a4 i ation of
the LPY before pouring the concrete.

During fonstruction, measurements should be taken ' & installet should

supervige the construction (see 4.3).

E.4.3.11 Prefabricated reinforced concrete

If prefapricated reinforced concrete pa g protection, e.g. a$ down-
conducl’rrs for shielding or as conductors Mor\ petential equalization, connection points
according to Figure E.7 should be aftac allow later interconnection of the

eqd toxth i
prefabricated reinforcementwith the re fo 3f the structure in a simple manner

The lodation and for Ats shguld be defined during the desigrl of the
prefabricated reinforce

The co part a

oncrete

When the structure comprises a number of sections with expansion joints, with allowance for
settling of the structure sections, and extensive electronic equipment is to be installed in the
building, bonding conductors should be provided between the reinforcement of the various
structural sections across the expansion joints at intervals not exceeding one half of the
distance between the down-conductors specified in Table 4.

In order to ensure low-impedance potential equalization and effective shielding of the space
inside a structure, expansion joints between sections of a structure should be bridged at short
intervals (between 1 m and one half of the distance between down-conductors) by flexible or
sliding bonding conductors depending on the required shielding factor, as shown in
Figure E.11.
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+
-«

NN

Key
1 Reinfofced precast concrete
2 Bonding conductors

Figure E.11a - Installation of bonding conductors on plate-}i

rced concrete parts by
means of bolted or welded conductor li

2123/05
Key

1 Expansion slot

2 Welded joint

3 Recess

4 Flexible bonding conductor

A Reinforced concrete part 1

B Reinforced concrete part 2

Figure E.11b — Construction of flexible bonds between two reinforced concrete parts bridging an expansion
slot on a structure

Figure E.11- Installation of bonding conductors in reinforced concrete structures and
flexible bonds between two reinforced concrete parts
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E.5 External lightning protection system

E.5.1
E.5.1.1

In most

General
Non-isolated LPS

cases, the external LPS may be attached to the structure to be protected.

When the thermal effects at the point of strike or on conductors carrying the lightning current
may cause damage to the structure, or to the content of the structure to be protected, the

spacing

between LPS conductors and combustible material should be at least 0,1 m.

NOTE T

The po
depend
geomet
design
internal

If adjac
under ¢

E.5.1.2

An isolg
internal

NOTE T
require m

LPS thg
system

Isolated
structur
with the|

Isolated
wood, W
made t
exceptiq

pical cases are
tructures with combustible coverings,
tructures with combustible walls.
bitioning of external LPS conductors is fundamental to |>->S and
5 on the shape of the structure to be protected, the leve and the
ic design method employed. The air-termination sys htes the
bf the down-conductor system, the earth-termination e desigp of the
LPS.
ent buildings have an LPS, those LPS shet building
bnsideration.
Isolated LPS
bonded
conductive parts ma
he use of an isolagted L ture may
bdifications to the |LP
t are cc{rj}? bonding
bnly at gr J
t to the
brdance
work or
ction is
1 vith the
n<oef,connections to the earth-termination system at ground level.

Conductive equipment within the structure and electrical conductors should not be installed
with distances to the air-termination system conductors and to the down-conductors shorter
than the separation distance defined in 6.3. All future installations should conform to the
requirements of an isolated LPS. These requirements should be made known to the owner of
the structure by the contractor responsible for the design and construction of the LPS.
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The owner should inform future contractors performing work in or on the building about these
requirements. The contractor responsible for such work should inform the owner of the
structure if the contractor cannot meet these requirements.

All parts of equipment installed in a structure with an isolated LPS should be placed within the
protected space of the LPS and satisfy the separation distance conditions. The LPS
conductors should be mounted on insulated conductor fixtures, if conductor fixings attached
directly to the structure walls are too close to conductive parts, so that the distance between
the LPS and the inner conductive parts exceed the separation distance as defined in 6.3.

Flush- mounted conductive roof f|xtures which are not connected to the eqU|potent|aI bonding
and have aral ance but

connect

The design of an LPS and the safety instructions for work in.the\ vigj f [~ fixture
should take account of the fact that the voltage on such fixt Wil rise -t the air-
termination system in the event of a lightning strike.

Isolated ked conductiye parts
when if| i structure walls and
internal

On stryictures consisting of conti ive parts such ds steel
construgti -rei e F Hould maintain the separation
distancsd i ipn, LPS
conductors may have to be fixed to th

It shoul in brick
structurg

E.5.1.3

electrical and telecommunication

Dangergpus sparking =Y N N2 and metal,
installat e 3

— inani 3 ingulation or separation according to 6.3,

— in alx is P§ by equipotential bonding, according to 6.2, or by insulption or
sepa i

E.5.2

E.5.2.1

This standard does not provide any criteria for the choice of the air-termination system
because it considers rods, stretched wires and meshed conductors as equivalent.

The arrangement of an air-termination system should be in accordance with the requirements
of Table 2.

E.5.2.2 Positioning

For the design of the air-termination system, the following methods should be used,
independently or in any combination, providing that the zones of protection afforded by
different parts of the air-termination overlap and ensure that the structure is entirely protected
according to 5.2:
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— protection angle method;

— rolling sphere method,;

— mesh method.

All three methods may be used for the design of an LPS. The choice of class of LPS depends
on a practical evaluation of its suitability and the vulnerability of the structure to be protected.

The positioning method may be selected by the LPS designer. However, the following
considerations may be valid:

— the protection angle method is suitable for simple structures or for small parts of bigger

structures. This method is not suitable for structures higher than the radjus of th

sphare relevant to the selected protection level of the LPS;
— the folling sphere method is suitable for complex shaped structures;

— the
plan

The air-
structur

E.5.2.2.

Air-termlination conductors, rods, mast

structur
the air-

directionfs.

The prg
termina

generat

esh method is for general purposes and it is particularly sfyjtab
surfaces.

g Protection angle method

b to be protected are inside
ermination conductors to the

bd by the o

e rolling

pction of

s of the

s of the
bints on
bl in all

the air-

A singlé point g‘: era | . Kigiwes A1 and A.2 show how the protected gpace is

Accordi
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o

1 hq

N IEC 2124/05

Key
H Hgight of the building over the ground feference qlane
h Physical height of an air-termination rod
by B
oy Th gight 4= h,, being the height aboveg the roof

Su
(223 Th

e method air-termination design
according to Table 2

The protective angfe etrical limits and cannot be applied if 4 is larger than
the rolli
If struct : e protected with finials and the protective volume of the finials
is over c O ilding, the finials should be placed between the structure [and the
edge. If|this Qssible’the rolling sphere method should be applied.

The dedign '‘of air-texmination using the protection angle air-termination design method is also
shown in“Figures E.13 and E.14 for an isolated LPS and in Figures E.15 and E.16 fof a non-
isolated LPS.
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IEC 2126/05

Figure E.13b — Projection on the horizontal reference plane

Figure E.13 — Isolated external LPS using two isolated air-termination masts designed
according to the protective angle air-termination design method

NOTE The two circles denote the protected area on the ground as the reference plane.


https://iecnorm.com/api/?name=971deeed05e0cefd3fa7327f17181bae

- 165 —

62305-3 © IEC:2006

IEC 2129/05

: s
3 s
Qo N
L DR R /8
§8 A Sy <
=3 s o
i = TR R ]
o2 PR c 2
= EER 65
38 \ e ca
25 B e s <
o e - %8
[ et LR V../t\ S
s b ;
Miooas oo a
Bl -
T A

i 4
T
oo
Sy s
RARA,

\
\\/
\
\
52 |le— .
~
~

5

—»| o

—

Figure E.14 — Isolated external LPS using two isolated air-termination masts,
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Key
1 Air-termination rod

2 Protegted structure

3 Assunjed reference plane

o Protedtive angle complying with Table 2

Figure E.15a — Example using one air-te

Z

Key
1 Air-ter
2 Proted
3 Assuni
o Proteqti

Fi
T air-termination rods

C 21380/

_

IEC 2131/05

ample of design of an air-termination of a non-isolated LPS

<2}

by
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v

il

Key
o Protec{ive angle complying with Table 2
d4 Distanfe of horizontal wire from the roof

Figure E.16a — Projection on the vertical plane pergendiculdr to @plae containing the condyctor

e

IEC 2133/05

Key
o Protective angle complying with Table 2
NOTE The whole structure should be inside the protected volume.

Figure E.16b — Projection on a vertical plane containing the conductor

Figure E.16 — Example of design of an air-termination of a non isolated LPS by a
horizontal wire according to the protective angle air-termination design method

If the surface on which the air-termination system is placed is inclined, the axis of the cone
which forms the protected zone is not necessarily the air-termination rod, but is instead the
perpendicular to the surface on which the air-termination rod is placed; with the top of the
cone being equal to the top of the air-termination rod (see Figure E.17).
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Figure E.17a — Protected volume of a mast on a slopéd
sphere design method (ks

\/\ WOTR
Q 0

/
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-

IEC 2135/05

X\/b* Pro ed volume of an air-termination rod on a sloped surface
using the protection angle design method

Key

1 Profected volume

2 ReferenceNplane

3 Air-termination rod

4 Mast

r Radius of the rolling sphere according to Table 2

h, b’ Relevant heights of air-termination according to Table 2
ht Physical height of the mast above the reference plane
a Protection angle

B, C, B’, C' Touching points with the rolling sphere

C, C’,D, D’ Limit of the protected area

NOTE The heights # and &’ should be less than ;. Two values of 4, e.g. h and &’ are applicable on a sloped
reference plane.

Figure E.17 — Protected volume of an air- termination rod or mast on a sloped surface
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E.5.2.2.2 Rolling sphere method

The rolling sphere method should be used to identify the protected space of parts and areas
of a structure when Table 2 excludes the use of the protective angle method.

Applying this method, the positioning of an air-termination system is adequate if no point of
the volume to be protected is in contact with a sphere of radius, r, rolling on the ground,
around and on top of the structure in all possible directions. Therefore, the sphere should
touch only the ground and/or the air-termination system.

The radius r of the rolling sphere depends on the class of LPS (see Table 2).

Figures|E.18 and E.19 show the application of the rolling sphere Hifferent
structurgs. The sphere of radius r is rolled around and over all the strdctur i bets the
ground plane or any permanent structure or object in contact with the which is
capable| of acting as a conductor of lightning. A striking point ' rolling
sphere touches the structure and at such points protection by@ uctor is
required.
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Air termination

S S s N

r Radiug of the rolling sphere according to Table 2.

NOTE A S the
rolling sp G & he lower part of the s{ructure in
accordan

IEC 2137/05

Key

Air-termination conductor

Air-termination rod

Mesh size

Down-conductor

Earthing system with ring conductor

Height of the air-terminal above ground level
Protective angle

I STaAPwWN =

Figure E.18b — General arrangement of air-termination elements

Figure E.18 — Design of an LPS air-termination according to the rolling sphere method,
protective angle method, mesh method and general arrangement
of air-termination elements
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IEC 2138/05
Key
1 Shade[d areas, are exposed to lightning interception and
2 Mast dn the structure
r Radiug of rolling sphere according to Table

NOTE Pfotection against side flashes is required—2ccording

Fig ure
When the rolling sphe should
be conglidered from_all\d zone —
a point| which ngs are
considefed.

The pro by the
rolling s

Figure K18 g to the
mesh mlethod, roling sphe gement
of air-tefmination_ele

In the pve the

horizontal reference plane in Figure E.20, the penetration distance p of the rolling sphere
below the level of the conductors in the space between the conductors may be calculated:

p=r—[r2—(dl2)?]12 (E.4)

The penetration distance p should be less than #; minus the height of objects to be protected
(the motor in Figure E.20).
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IEC [2139/05

Key

1 Hori
Ref¢g
Spa

he  Physi
Pen

h Heid

r Rad

d Distpnce/separating two parallel air-terminal horizontal wires or two air-terminal rods

NOTE The penetration distance p of the rolling sphere should be less than 4; minus the largest height of objects
to be protected, in order to protect objects in the space between the terminations.

Figure E.20 — Space protected by two parallel air-termination horizontal wires
or two air-termination rods (r > i)

The example shown in Figure E.20 is also valid for three or four air-termination rods; for
example, four vertical rods placed at the corners of a square with the same applied height 4.
In this case, d in Figure E.20 corresponds to the diagonals of the square formed by the four
rods.

NOTE Since the mid 1930s, it has been known that the radius of the rolling sphere is correlated with the peak
value of the current in the lightning that strikes the structure: » = 10/0.65 where | is defined as kA.
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The points at which lightning will strike can be determined using the rolling sphere method.
The rolling sphere method can also identify the probability of occurrence of a strike to each
point of the building.

Figure E.21 shows a building over which the rolling sphere rolls . The dashed line depicts the
path of the centre of the rolling sphere. This is also the geometrical location of the tip of the
downward leader, from which the final discharge ensues. All those lightning flashes with tips
lying on the path of the centre of the rolling sphere will discharge to the nearest point of the
building. Around the edges of the roof there is a quarter circular path with possible positions
of the tip of the downward leader which will discharge to the edge of the building. This shows
that a considerable portion of the strikes will occur at the edge of the roof, some at the walls
and some at the roof surface.

@%
8
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A

N A

EC  2140/05

r Radiup of the rolling sphere according to Table 2

Figure E.21a — Sj

IEC 2141/05

r Radius of the rolling sphere according to Table 2

Figure E.21b — Plan view
Figure E.21 - Points at which lightning will strike a building
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In order to make a prediction about the overall possibility of a strike to the wall, the plan view
must also be considered (see Figure E.21b).

E.5.2.2.3 Mesh method

For the purpose of protecting flat surfaces, a mesh is considered to protect the whole surface
if the following conditions are fulfilled.
a) As mentioned in Annex A, air-termination conductors are positioned on

— roof edge lines,

— roof overhangs,

— rpof ridge lines, if the roof slope exceeds 1/10,

— the lateral surfaces of the structure higher than 60 m at levels
neight of the structure;

o of the

b) the mesh dimensions of the air-termination network are not greater tha s given
in Table 2;

c) the npetwork of the air-termination system is accomplisiied™n such ightning
curr - rth and no metal
instg
NOTE iorf distance and refluces the
elect

d) the
Examples of non-isolated LPS using\he air- sh method design are ghown in
Figure E.22a for a flat-roof struct i ructure.

Figu
exar

NOWS an
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Key

w Mesh Bi

NOTE T

\I G 2142005

Figure E.22a - LPS air-termination on a flat-roof strut

IEC 2143/05
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144/05

Key
A Test jgint

NOTE A}l dimensions sho
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DC DC

Conductor,either strip,

Cross section A rod or metallic gutter

‘...l—

DC DC

|

I'
|
1
|
1
{x
Ridge condyctor fixed
\: \}elow tile leyel (see detail)
|

DC

DC \>
Q | Vertical air tgrmination
I or strike platg
Q & Horizontal cpnductor
% Cross section A
= = | Concealed tor

® Vertical air termination (bare vertical rod) at short intervals, complying with the protective angle

or rolling sphere method (see Table Z)

DC Down conductor

IEC 2145/05

Figure E.22d - Air-termination and visually concealed conductors
for buildings less than 20 m high, with sloping roofs

Figure E.22 — Example of design of non-isolated LPS air-termination according to the
mesh method air-termination design
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E.5.2.3 Air-terminations against flashes to the side on tall structures

In structures higher than 120 m, the topmost 20 % of lateral surfaces should be equipped with
air-termination systems.

NOTE |If sensitive parts (e.g. electronic equipment) are present on the outside of the wall in the upper part of the
building, they should be protected by special air-termination measures, such as horizontal finials, mesh conductors
or equivalent.

E.5.2.4 Construction

E.5.2.4.1 General information

The mgximum permissible temperature for a conductor will not be exdeeded, if the¢ cross-
section pf the conductor conforms to Table 6.

A roof dr wall constructed from combustible material should be pro S ﬁgerous
effect of lightning current heating the LPS conductors by usi q bllowing
measures:
— reddcing the temperature of the conductors by increa

— incrgasing the distance between the conductors a 4);

— insefting a heat-protective layer between the ¢ B,

NOTE Research has shown that it is advantageous for

E.5.2.4.2 Non-isolated air-terminga
Air-termliination conductor bans of
conductors at the roof le i ici Huctors.

he roof
also be

Conductors on roofs &

using either condustiv
positioned on th

Recommended fixi

JTable E.1 — Suggested fixing centres

DY
Fixing centres for Fixing centres$ for
tape and stranded round solid conductors
rran nt
conductors
mm mm

Horizonta) conductors onhorizontal surfaces 500 1000
Horizontal'conduciors on vertical surfaces 500 T 000
Vertical conductors from the ground to 20 m 1 000 1 000
Vertical conductors from 20 m and thereafter 500 1 000

NOTE 1 This table does not apply to built-in type fixings which may require special consideration.

NOTE 2 Assessment of environmental conditions (i.e. expected wind load) should be undertaken and fixing
centres different from those recommended may be found to be necessary.
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On small houses and similar structures with a roof ridge, a roof conductor should be installed
on the roof ridge. If the structure is completely within the protected area provided by the roof-
ridge conductor, at least two down-conductors should be routed over the gable edges at
opposite corners of the structure.

NOTE The distance between the two down-conductors, measured along the perimeter of the structure should not
exceed the distances stated in Table 4.

The gutters at the edge of the roof may be used as natural conductors provided that they
conform to 5.2.5.

Figures E.23a, E.23b and E.23c depict an example of the arrangement of the conductors on a
roof and-down-conductors for a sloped roof structure

@%

24
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Figure E.233 - Installation of air-termination conductor
on the ridge [of a sloped roof and a roof down-conductor
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Figure E{23c’— Installation of a down-conductor
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Figu .23k allatign of air-tefmination rod for
eeti i eyising the grotective angle
{nation design njethod

IHC 2149/05
Figure E.23d — Installation of a tept joint in

with connection to the gutter

Examples of suitable dimensions:
1m

0,15 m (not mandatory)

Tm

as close to the edge as possible
0,2m

0,3m

1m

0,05 m

0,3m

1,5m

0,5m

o Protective angle according to Table 2

S~ 0N Q 0

a down-conductor and bonding to a drain-pipe

Figure E.23 — Some examples of details of an LPS on a structure with sloped tiled roofs
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In the case of long structures, additional conductors in accordance with Table 4 should be
connected to the air-termination conductors mounted on the roof ridge.

On buildings with large roof overhangs, the roof-ridge conductor should be extended to the
end of the ridge. On the gable edge of the roof a conductor should be connected from the
roof-ridge conductor to the down-conductor.

As far as is practicable, air-termination conductors, connecting conductors and down-
conductors should be installed in a straight route. On non-conducting roofs, the conductor
may be placed either under, or preferably over, the roof tiles. Although mounting it under the
tiles has the advantage of S|mpI|C|ty and less risk of corrosmn it |s better where adequate

fixing me educing
the risk ling the
conductior above the tiles also simplifies inspection. Conductors placed below ileg$ should
preferal e hnd are
spaced |not more than 10 m apart. Appropriate exposed metal pl ) S 0 Pe used
(see Figure E.20d) provided they are spaced not more than 5

On strugtures with flat roofs, the perimeter conductors ghou 9 b to the
outer edges of the roof as practicable.

When the roof surface exceeds the mesh size stjp j additional air-tergination
conductors should be installed.

Figures|E.23a, E.23b and E.23c show examples ‘ i i i g for air-
termination conductors on the sloped rgof of a s{r 8, Fi . i gmple of

construg¢tion details for fixtures on a fl
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ssing‘aWatertight bushing

irder,

500 mm to 1 00Q mN, s¢
Roof parapé
2 FlexibJe sondyctor

3 Joints
4 T

b

L

:

e e S S

Key
a
1

NOTE Metallic covering on the roof parapet is used as an air-termination conductor and is connected

to the steel girder used as a natural down-conductor of the LPS.

6 LPS
7 Steel
8 Joint

Figure E.24 — Construction of an LPS using natural components

on the roof of the structure

f the external LPS on a structure with a flat roof made of

itioning o
| such as wood or bricks. The roof fixtures are with

Figure E.25 shows the pos

the space to be

n

1a

ter

lat
protected. On high structures

nsu

ing ma

talled on the

facade. The distances between these ring conductors are given in Table 4. Ring conductors

ins
below the level of the rolling sphere radius are needed as equipotentialization conductors.

IS

ted to all down-conductors

, a ring connec
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IEC 2151/05

@
<

Air-tgrmination rod
Horizrlontal air-termination conductor

Down-conductor

T-type joint

Cross-type joint

Test joint

B-type earthing arrangement, ring earth electrode

Equipotentialization ring conductor

Flat roof with roof fixture

Terminal for connecting the equipotentialization bar of the internal LPS
A-type earthing arrangement

LD OONOTRAWN =X

- O

NOTE An equipotentialization ring is applied. The distance between the down-conductors complies with the
requirements in Table 4.

Figure E.25 — Positioning of the external LPS on a structure made of insulating material
e.g. wood or bricks with a height up to 60 m with flat roof and with roof fixtures
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LPS conductors and rods should be mechanically secured so that they are capable of
withstanding stress due to wind or weather and work carried out on the roof surface.

Metal covering provided for mechanical protection of outer walls may be used as a natural
component of the air-termination, according to 5.2.5, if there is no risk of fire ignition by
melting metal. The combustibility depends on the type of material under the metal cladding.
The combustibility of the material employed should be confirmed by the contractor.

The roof sealing arrangement on metallic roofs, as with other types of roof, can be perforated
by a lightning flash. In such a case, water can penetrate and leak through the roof at a point
far from the striking point. If this possibility is to be avoided, an air-termination system should
be installed

Light clipolas and smoke and heat outlet flaps are normally closgd. ThHexdésign|for the
protectipn of such flaps should be discussed with the purchaseg/o ding to
decide whether protection should be applicable for the flaps 4n and all
intermedliate positions.
Roof cqverings of conductive sheet which do not conforn 2\ as air-
terminations where melting at the striking point of ljg g be 3 v S is not
acceptaple, the conductive roof sheeting should be f stem of
sufficient height (see Figure E.20 and Figure E.2
\
A a
a
i |
IEC 215p/05
Key
r Radius
a Air-terfn]
NOTE T phere‘should not touch any part of the metallic roof including the standing seams.
Fi on ion-of ai mi ionn ork o 00 live

covering where puncturing of the covering is not acceptable
When insulating supports are used, the conditions for the separation distance to the

conductive sheet stipulated in 6.3, should be fulfilled.

When conductive supports are used, the connection to the roof-sheet should withstand partial
lightning current (see Figure E.26).

Figure E.24 shows an example of natural air-termination using a roof parapet as the air-
termination conductor at the edge of the roof area.

Flush-mounted and protruding structures on the roof surface should be protected by means of
air-termination rods. Alternatively, extraneous metalwork should be bonded to the LPS unless
it conforms to 5.2.5.
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Figure E.27 gives an example of the connection of air-termination with the natural down-
conductors in concrete.

IEC 2153/05

Key

Air-termination rod
Horizontal air-termination conductor
Down-conductor
T-type joint
Cross type joint
Connection to steel reinforcing rods (see E 4.3.3 and E.4.3.6)
Test joint
Type B earthing arrangement, ring earth electrode
Flat roof with roof fixtures
0 T-type joint — corrosion resistant

2 OCONOOOAPRPWN =

NOTE The steel reinforcement of the structure should comply with 4.3. All dimensions of the LPS should comply
with the selected protection level.

Figure E.27 — Construction of external LPS on a structure of steel-reinforced concrete
using the reinforcement of the outer walls as natural components
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E.5.2.4.2.1 Lightning protection for multi-storey car park roofs

For the protection of this type of structure, air-termination studs may be used. These studs
can be connected to the reinforcement steel of a concrete roof (see Figure E.28). In the case
of roofs where a connection to the reinforcement cannot be made, the roof conductors can be
laid in the seams of the carriageway slabs and air-termination studs can be located at the
mesh joints. The mesh width shall not exceed the value corresponding to the protection class
given in Table 2. In this case, the persons and vehicles on this parking area are not protected
against lightning.

2154/05

Key

1 Air-
2 Ste
3 Ste

ermination stud

If the to
rods an

For det¢rming : the air-
terminati
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Key

1  Proteq
2 Metall
3 Horizd
4 Electr|
5 Electr
s Separ
o Proteq

NOTE T
Figu
ele

In the ¢
taken in
barriers

Signs s
during t

The tou

tive cone

c roof fixture
ntal air-termination conductor
¢ power installation line, preferably encles
c equipment

ption distance according to 6.3
tive angle, see Table

he height of the air.

ch and stepwdltages may be disregarded if the roof is covered by a layer of ag

with
PEm

ould be
ision of

strikes

phalt of

at least

5%¢m thickness. Additionally, the step voltages may be disregarded if the

roof is

constructed of reinforced concreie with interconnected reinforcement steel with C

conforming to 4.3.

E.5.2.4.

2.2 Flat-roofed, steel-reinforced concrete structures with roofs not
accessible to the public

ntinuity

On a flat roof not accessible to the public which incorporates an external air-termination
system, air-termination conductors should be installed as shown in Figure E.27. For the
equipotential ring conductor on the roof, the metal cladding on the roof parapet may be used
as shown in Figure E.24 and Figure E.30.
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Key

1 Corrd
2 Flexi
3 Meta

NOTE S

pecial atteption
conductofs to avoid 5Qrrosio

0 P
LS
)

\\ EC 21

sion-resistant joint
ble conductor
lic covering of thel pa

apet

b6/05

[ bridging

cture is
ed with

Figun lectrical continuity on metallic parapet claglding
Figure E. . 8 3d ofN\installing meshed conductors on a roof.
When tg echanical damage of the waterproof layer on the roof of a stru
acceptaplethesai wpdtion mesh covering the flat area of the roof may be repla

natural
to 5.2.4
directly

stable alternative is that the LPS air-termination conductors may
on‘the concrete roof.

cording
be fixed

In general, a lightning flash to the reinforcement of a concrete roof will damage the waterproof
layer. Rainwater may then cause corrosion of the steel-reinforcing rods leading to damage. If
reduction in the mechanical strength of concrete due to the corrosion is not permitted, an air-
termination system should be installed and preferably bonded to the reinforcement steel,
preventing direct lightning flashes to the steel-reinforced concrete.

Metal covering that is provided for mechanical protection of outer walls may be used as a
natural component of the air-termination according to 5.2.5 if there is no risk of fire ignition by

melting

metal.


https://iecnorm.com/api/?name=971deeed05e0cefd3fa7327f17181bae

62305-3 © IEC:2006 - 215 -

Roof coverings of conductive sheets not conforming to Table 3 may be used as air-
termination conductors where melting at the point of lightning flashes can be tolerated. If not,
the conductive roof sheeting should be protected by an air-termination system of sufficient
height (see Figures E.20 and E.26). In this case, the rolling sphere method should be applied.
To conform to this method the mesh size has to be smaller and the supports higher than that
for an ordinary mesh air-termination system.

When insulating supports are used, the conditions for the separation distance to the
conductive sheet, stipulated in 6.3, should be fulfiled. When conductive supports are used,
the connection to the roof-sheet should withstand partial lightning current (see Figure E.29).

Figure E 24 shows an example of a natural air-termination uqing a roof parapet as the air-
termination conductor at the edge of the roof area.

When it ts of up
to 100 n %ductor
on the ment in
concret¢

Metal p .4.5 may,
howeve main of

the roof

E.5.2.4.2.

The out
protect glectrical and information-proc
2, Annek B and IEC 6230554

5. an electromagnetic shield in jorder to
within the structure (see IE(Q 62305-

Figure E.27 provides pan ‘ inforced concrete structure usjng the
interconnected reinforging ductors and as electromagnetic shielding of the
enclosef space. E\ir i 4.

Within the domain he i nination $ystem on the roof, all conductive parts with|at least
one dim 9 N should Be interconnected to form a mesh. The meshed shield
should [ ation system at the roof edge and also at othgr points
within th

Figures|E724 30show the construction of air-terminations on structures with copductive
skeletor ' gpet as a natural air-termination and the steel skeleton ag natural

down-cq

In Figure/E:30 an~€&éxample is given of how to provide electrical continuity of| natural
componLnts in an LPS.

As a result of the reduced mesh size of steel structures compared with Table 2, the lightning
current is distributed over several parallel conductors, resulting in a low electromagnetic
impedance and consequently in accordance with 6.3, the separation distances are reduced
and the necessary separation distances between the installations and the LPS are much more
easily obtained.

In most structures the roof is the least shielded part of the structure. Therefore particular
attention should be paid to improve the shielding efficiency of roof constructions.

When no conductive structural elements are incorporated in the roof, shielding may be
improved by reducing the spacing of the roof conductors.
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E.5.2.4.2.4 Protection of flush-mounted or protruding roof fixtures without
conductive installations

Air-termination rods for the protection of metal, flush-mounted roof fixtures or protruding roof
fixtures should be of such height that the fixture to be protected lies fully within the rolling
sphere protection space of the air-termination rod or is fully within the cone of the protective
angle in accordance with Table 2. The separation distance between the air-termination rods
and the roof fixtures should be such that the proximity condition stipulated in 6.3 is satisfied.

Figure E.29 shows an example of roof fixture protection by air-termination rods using the
protective angle air-termination design method. The value of the protective angle shall be
consistent with the protection level of the LPS stipulated in Table 2.

Metal rdof fixtures, not protected by air-termination rods, do not require addition prolJection if
their dimensions do not exceed the following:

— height above the roof level 0,3 m;
— the fotal area of the superstructure 1,0 m?;
— the length of the superstructure 2,0 m.

Non-corn on rods
and wh the air-
termina

Conduc ad from
flush-m ) portion
of the lightning current into the interior of the bujldifng. Wt ections
exist, the protruding fixtures on the(roof surf rel%ination
systemg. If protection by m fective,

insulated parts, with lengths eSpondi istance,
can be installed in the conductivg i }

Chimneys of insulating 5 or air-
termination ringﬁy i system.
The air{terminati ¢ imney should be of such height that the complete chimney lies

within the protective

A lightnjing flagh ve chimney is possible when the chimney is not [situated
within th i of an, air-termination system, due to the fact that the inner|surface
of the chi i v a’soot deposit possessing a conductivity such that, even in the
absenceé ain, KN$ capable of conducting the current of a streamer discharge pf great
length.

Figure B he construction of an air-termination rod on a chimney made of

insulating. bricks.

Metal flush-mounted roof fixtures should be bonded to the air-termination system when the
necessary clearance for conformity to the separation distance according to 6.3 cannot be
maintained.

E.5.2.4.2.5 Protection of roof fixtures enclosing electrical or information-
processing equipment

All roof fixtures of insulating or conducting material, which contain electrical and/or
information-processing equipment, should lie within the protective space of the air-termination
system.

A direct flash into equipment installed inside the protective space of the air-termination
system is improbable.
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A direct flash into the roof fixture would lead not only to its destruction but would also cause
extended damage to the connected electrical and electronic equipment not only in the roof
fixtures, but also inside the building.

Roof fixtures on steel structures should also lie in the protective space of the air-termination
system. In this case air-termination conductors should be bonded not only to the air-
termination system but also to the steel structure directly, if possible. When bonded to the
structure they need not conform to the separation distance.

The requirements for roof fixtures should also apply to fixtures installed on vertical surfaces to
which a lightning strike is possible, i.e. which can be touched by the rolling sphere.

protect
the roof fixtures of conducting and isolating material enclosing elgctricaNinstdllations.

Figure E.31 is only suitable if the separation distance s cannot be mai

IEC 2157/05

Key

Air-termination conductor

Metallic cover

Bonding conductor

Horizontal air-termination conductor

Electric equipment

Electric power junction box with SPD

Bonding joint to the conductive elements of the structure

NOTE The enclosed electric equipment is bonded to the air-termination system and to the conductive elements of
the structure, complying with F.5.2.4.2.6, through the metallic cable shield withstanding a substantial part of the
lightning current.

NO PR WN -

Figure E.31 — Metallic roof fixture protected against direct lightning interception,
connected to air-termination system
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NOTE If the fixtures need extra protection, SPDs on the active cables connected to it can be provided at roof
level.

The required separation distance should be maintained not only in air but also for the path

through solid material (k,, = 0,5).

E.5.2.4.2.6 Electrical installation protruding from the space to be protected

Antenna masts on the roof of a structure should be protected against direct lightning flashes
by installing the antenna mast in an already protected volume or by installing an isolated
external LPS.

If this isnot passible the antenna mast should be handed to the air-termination system. Then
partial lightning currents will be treated inside the structure to be protected.

for all
ould be
bar (see

The anfenna cable should enter the structure preferably at the
serviceg or near the main LPS bonding bar. The antenna cable cond
bonded| to the air-termination system on roof level and tg
Figure §.32).
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&

K

1 Metallic mast

2 Horiz¢ntal air-termingtia ridge of the roof

3 Joint between the\roof\dow d the metallic antenna mast
4 Anten 2

5 The nj [d on the antenna cable is connected to the bonding bar
6 Testj

7 TV

8 Parall cable and the electric power cable

9 Electr

10 Earth[termination _systen

11 The main.elegtric po distribution box with SPD

12 Foundatignrearth electrode
13 LPS nductor

EC 2158/05

! Length for separation distance
o Protective angle

NOTE For small structures only two down-conductors may be sufficient, according to 5.3.3.

Figure E.32 — Example of construction of lightning protection of a house with a TV

antenna using the mast as an air-termination rod

Roof fixtures housing electrical equipment for which the separation distance cannot be
maintained, should be bonded to the air-termination system and to the conductive elements of
the roof fixtures and the conductive shield of its electrical equipment in accordance with

Table 9.

Figure E.31 is an example of the method of bonding a roof fixture with conductive parts to an

electrical installation and the air-termination of a structure.
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E.5.2.4.2.7 Protection of conductive parts on the roof

Conductive items, such as those with insufficient wall thickness, which cannot withstand
lightning strikes and which are installed on roofs, and also conductive roof coverings or other
parts on structures which do not meet the requirements for natural air-termination systems
according to 5.2.5 and Table 3, and in which a lightning flash cannot be tolerated, should be
protected by air-termination conductors.

For the design of the lightning protection for conductive parts on the roof the rolling sphere
air-termination design method should be applied (see Figure E.33).

|
X 4

(2) ;
s (-\ 5

o o

BB

2

N

TEC 2159/05

Key

Rolling sphere

Air-termination rod

Electric equipment

Down-conductor

Metallic vessel

Radius of the rolling sphere, see Table 2
Separation distance according to 6.3

v Y TR WN =

Figure E.33 - Installation of lightning protection of metallic equipment on a roof against
a direct lightning flash
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Figure E.31 is an example of the design of an air-termination system protecting a conductive
roof fixture against a direct lightning flash when the separation distance s cannot be
maintained.

E.5.2.4.2.8 Protection of structures covered by soil

For structures incorporating a layer of soil on the roof and where people are not regularly
present, a normal LPS may be utilized. The air-termination system should be a meshed air-
termination system on top of the soil, or a number of air-termination rods, connected by a
buried mesh, conforming to the rolling sphere or protective angle method. If this is not
possible, it should be recognized that a buried meshed air-termination system without rods or
finials will offer a reduced interception efficiency.

replace
height (¢
2,5ma

ance of

If nothin erstorm

they ma
For und eration.
As long s as for
layers o

For ung hall be
required parthing
systems
E.5.2.5
On stru natural
compon or bent
parts off
the roof Table 3
shall be

The airttermination conductors, conductors on the roof surface and the down-conductors
should Te connected to the roof parapet covering.

Conductive bridging should be provided at the joints between sections of parapet covering
plates, unless there is good, reliable continuity between them.

Figure E.24 is an example of an air-termination construction using the conductive covering of
parapets as a natural air-termination conductor of the LPS.

Conductive parts, such as metal tanks, metal pipework and railings mounted on or extending
above a roof surface should be treated as natural components of an air-termination system
provided their wall thickness conforms to Table 3.

Vessels and pipework, which contain gas or liquids under high pressure or flammable gas or
liquids, should not be used as natural air-terminations. Where this cannot be avoided, the
heating effects of lightning current should be taken into account when designing the pipework.
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Conductive parts above the roof surface such as metal tanks are often naturally connected to
equipment installed within the structure. In order to prevent conduction of the full lightning
current through the structure, it is necessary to provide a good connection between such
natural components of the LPS and the air-termination mesh.

Figure E.34 is an example, which show details of the bonding of conductive roof fixtures to
air-termination conductors.

1

A

[N IEC 2]60/05

RS
1 Air-fermination condugtor fi
2 Methllic pipe
3 Hor{zontal air-tegmination ¢ond
4 Stegl reinforce@ iti
NOTE 1 3 dnd Table 6, the bonding conductor should comply with|Table 6
and the re e roof bonding should be watertight.
NOTE 2 di provided to the reinforcement of the reinforced concrete structpire.

Figune E. 5 oK atural air-termination rod to air-termination conductor
Conducii S e roof surface such as metal tanks and steel reinforcing|rods of
oncrete|shoulthbe connected to the air-termination network.

When ¢ diréct lightning strike into the conductive part on the roof is not acceptaple, the
conductive part shall be installed inside the protective space of an air-termination system.

Conductive coverings on facades and equivalent parts of structures where the risk of fire is
negligible should be treated in accordance with 5.2.5.

Figure E.35 shows an example of conductive bridging between metal facade plates
acceptable in those applications where the plates are to be used as natural down-conductors.
Two methods are presented: bridging by flexible metal strapping and bridging by means of
self-threading screws. Only bridging by flexible metal strapping may be used in applications
where the plates are used as natural lightning conductors. Bridging by means of self-
threading screws is only suitable for shielding purposes (protection against LEMP).
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Figure E.

NOTE E
concernin|

When more( than

conduct

- IEC 2161/05

brs(and the proximity of the installations to the LPS should be in accordance wit

— IEC 2162/05

igure E.35b — Self tapping screw bfidging

htion

o structures or equipment to be protected are intended to
of lightning strikes to structures within their zone of protectian when

mast is installed, they may be interconnected by means of overhead

n 6.3.

Overhead conductor connections between the masts extend the protected volume and also
distribute the lightning current between several down-conductor paths. The voltage drop along
the LPS and the electromagnetic interference in the space to be protected are therefore lower
than in the case when the overhead conductors are not present.

The strength of the electromagnetic field in the structure is reduced because of the greater
distance between the installations within the structure and the LPS. An isolated LPS may also
be applied to a structure of reinforced concrete, which will improve the electromagnetic
shielding even more. However, for tall structures the construction of an isolated LPS is not

practica
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Isolating air-termination systems made of stretched wires on insulated supports could be
suitable where a large number of extensive protruding fixtures on the roof surface are to be
protected. The insulation of the supports should be adequate for a voltage calculated from the
separation distance in accordance with 6.3.

E.5.3 Down-conductor systems
E.5.3.1 General

The choice of number and position of down-conductors should take into account the fact that,
if the lightning current is shared in several down-conductors, the risk of side flash and
electromagnetic disturbances inside the structure is reduced. It follows that, as far as
possiblg, the down-conductors shoutd be uniformty pfaced atong the periméetersqf the Jtructure
and with a symmetrical configuration.

The current sharing is improved not only by increasing the numbég Sors but
also by equipotential interconnecting rings.

Down-cpnductors should be placed as far as possible awa metallic

parts injorder to avoid the need for equipotential bonding

It shoul@ be remembered that

— the down-conductors should be as short ag mall as
posgible),

— the fypical distance between down-s

— the geometry of down-conductors apd interconnecting rings has an ipfluence
ont

— in cdg ference
to thie risk of side-flas

If it is pot possible tg ple ¢ ide, ide, building

becausg of pracii 5 i on that

side shppuld be ides. The

distancegs between stances

in Tablg 4.

A variafion ip ! - * i € mean

spacing )

In close A more than 30 m perimeter, down-conductors have to be ipstalled.

Typical value of-the\distdnce between down-conductors are given in Table 4.

E.5.3.2 Number of down-conductors for isolated LPS

No additional information.

E.5.3.3 Number of down-conductors for non-isolated LPS

No additional information.

E.5.3.4 Construction
E.5.3.4.1 General information

External down-conductors should be installed between the air-termination system and the
earth-termination system. Wherever natural components are available they can be used as
down-conductor.
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If the separation distance between down-conductors and the internal installations, calculated
on the basis of the down-conductor spacing according to Table 4, is too large, the number of
down-conductors should be increased to meet the required separation distance.

Air-termination systems, down-conductor systems and earth-termination systems should be
harmonized to produce the shortest possible path for the lightning current.

Down-conductors should preferably be connected to junctions of the air-termination system
network and routed vertically to the junctions of the earth-termination system network.

If it is not possible to make a straight connection because of large roof overhangs etc. the
connection of the air-termination system and the down-conductor should be a dedicated one

+ b + 1 £ |H H 44+ +
and not trotgnTatdrarcomponetsS ke ramgutters—ete:

of roof
m high

Figure £.36 is an example of an external LPS for a structure wit
construg¢tion and Figure E.25 is an example of the external LP3
structurg with a flat roof with roof fixtures.

1 Horizontal air-termination conductor

2  Down-conductor

3  T-type joint — corrosion resistant

4  Test joint

5 Type B earthing arrangement, ring earth electrode
6  T-type joint on the ridge of the roof

7  Mesh size

N

OTE The distance between the down-conductors should comply with 5.2, 5.3 and Table 4.

Figure E.36 — Installation of external LPS on a structure of isolating material with
different roof levels

In structures without extensive continuous conductive parts, the lightning current only flows
through the ordinary down-conductor system of the LPS. For this reason the geometry of
down-conductors determines the electromagnetic fields within the interior of the structure (see
Figure E.37).

IEC 2163/05
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| IEC 2164/05 (I)

Figure E.37b

Figure E.37a
[ ® 9
O -~ - - - @--—-——-—---- -
4 ® \ 4 &
$ O
IEC 2167/05
Figure E.37c IECNg166/05 Figure E.37d
N !

M

@-00—

IEC 2168/05

Figure E.37e

---- Natural components of the LPS, e.g. gutters

LPS conductors

_w_ Test Joint
—@— Joint

NOTE The distance between the down-conductors and the mesh size should comply with the selected lightning

protection level according to Tables 2 and 4.
Figure E.37 — Examples of geometry of LPS conductors
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When the number of down-conductors is increased, the separation distance can be reduced
according to the coefficient k; (see 6.3).

According to 5.3.3, at least two down-conductors should be used on a structure (see
Figures E.38 and E.36).

{

IEC 216p/05
Key

Electriq
Electrig
LPS co
Main e
Test jo
Earth-tg
Electriq
Founddgti
Separa
Length

~uL ONOUPAWN =

NOTE T rand HIFPX Y] th arablam. inteadi. P~ NN | $rl B-OMLOL r thar aducting matallats ns |n the
re—CXampre—uStrate StRe—pProoreMSHroauee a0y Ereete power—er—eomer—eonauettvye—hsStanato

roof space of a building.

Figure E.38 — Construction of an LPS using only two down-conductors
and foundation earth electrodes

For large structures, such as high-rise apartment buildings and, in particular, industrial and
administrative structures, which are often designed as steel skeletons or steel and concrete
skeleton structures, or which use steel-reinforced concrete, the conductive structure
components may be used as natural down-conductors.

The total impedance of the LPS for such structures is fairly low and they afford a very efficient
lightning protection for inner installations. It is particularly advantageous to use conductive
wall surfaces as down-conductors. Such conductive wall surfaces might be: reinforced
concrete walls, metallic sheet facade surfaces and facades of prefabricated concrete
elements, provided they are connected and interlinked according to 5.3.5.
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Figure E.4 provides a detailed description of the proper construction of an LPS using natural
LPS components such as interconnected steel.

Use of natural components containing structural steel reduces the voltage drop between the
air-termination system and the earth-termination system and the electromagnetic interference
caused by lightning current within the structure.

If the air-termination system is connected to the conductive parts of the columns within the
structure complex and to the equipotential bonding at ground level, a portion of the lightning
current flows through these internal down-conductors. The magnetic field of this partial
lightning current influences ne|ghbour|ng eqmpment and has to be conS|dered in the design of
the interna hese partial
current ns{agsuming

the curr

If the ajr-termination system is insulated from the internal columns\no\c - %hrough
the columns within the structure complex, provided the insulation degs n n. If the
insulati i partia \ rough a
particular column or group of columns. The current st 2SS Nl to the

bouring

equipme hding of
columng to the LPS of the structure.
Figure E.10 is an example of the cofstructia eonductors in a large steel-

reinforced concrete structure used for
near to [he inner columns shall be consj

electromagnetic envifonment

E.5.3.4.

ductors
qtructure

In struc
and the
at a nun

As a rg 5 down-

In large
over fol
provide(

industrial structures, exhibition halls, etc.) with dimensions
e down-conductors, extra internal down-conductors should be

All inte
reinforc
with the|

Figure E.10 shows the LPS of a large structure with internal columns made of steel-reinforced
concrete. To avoid dangerous sparking between different conductive parts of the structure,
the reinforcement of the columns is connected to the air-termination system and to the earth-
termination system. As a result, a portion of the lightning current will flow through these
internal down-conductors. However, the current is divided among numerous down-conductors
and has approximately the same waveform as the current in the lightning stroke. The
steepness of the wavefront, however, is reduced. If these connections are not made and a
flashover occurs, only one or a few of these internal down-conductors may carry the current.
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The waveform of the flashover current will be considerably steeper than the lightning current,
so the voltage induced in neighbouring circuit loops will be considerably increased.

For such structures, it is particularly important that before commencing the design of the
structure, the structure’s design as well as the design of the LPS should be harmonized so
that conductive parts of the structure can be utilized for lightning protection. By means of well-
coordinated design, a highly effective LPS is achieved at minimum cost.

Lightning protection of space and persons below an overhanging upper storey, such as a
cantilevered upper floor, should be designed according to 4.2.4.2 and Figure E.3.

E.5.3.4;E—i$oizfad-dm~mdm:m
If, due architectural considerations, the down-conductors cannot be{surf

should be installed in open slits in the brickwork. In this case, cong
to mainfaining the separation distance, as given in 6.3, between_th
metal parts inside the structure.

bd, they
e given
nd any

Direct installation within the external plaster is not recors plaster [may be
damaged as a result of thermal expansion. Moreove ed as a
result qf chemical reaction. Damage to the plaster i i ' esult of
temperdture rise and mechanical forces exerted by || i ; - ductors
prevent|staining.

E.5.3.5 Natural components

The usp of natural down-conductors i current
ini ystems
and reduces the electrothagretic inte g ithi . , ould be
ensured that such down-co i i i between
the air-termination sys Tatic

The stegl reinfore the LPS

as illustrated in Figuy

E.4.3.
ntional

structures should be specified in accordance wi
gtural down-conductors cannot be guaranteed, con

Steel r
If electti
down-cq

conditio atural™down-conductors according to 5.3.5, may be used as a down-conductor.

Figures|Ei23a, E. 23b and E.23c show examples of f|xmg the conductors on the roof|and the
down-c
show the connections of the down-conductor to the metallic ra|n pipe, the conductlve gutters
and the earth-termination conductor.

The reinforcing rods of walls or concrete columns and steel structural frames may be used as
natural down-conductors.

A metal facade or a facade covering on a structure may be used as a natural down-conductor
conforming to 5.3.5.

Figure E.8 shows construction of a natural down-conductor system using metal facade
elements and steel reinforcing in the concrete walls as the equipotentialization reference
plane to which the equipotentialization bars of the internal LPS are connected.
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Connections should be provided at the top of the wallcovering, to the air-termination system
and at the bottom of the earth-termination system and to the reinforcing rods of the concrete
walls, if applicable.

The distribution of current in such metal facades is more consistent than in reinforced
concrete walls. Sheet metal facades comprise individual panels generally of trapezoidal
cross-section with a width between 0,6 m and 1,0 m and a length corresponding to the height
of the structure. In the case of high-rise structures, the panel length does not correspond to
the structure height due to transport problems. The whole facade then comprises a number of
sections mounted one above the other.

For a metal facade, the maximum thermal expansion should be calculated as the difference in

length producedbyarmaximum—temperature of-themetat-facadein—suntightof approximately
+80 °C and a minimum temperature of —20 °C.

The temperature difference of 100 °C corresponds to a therma 4 % for
aluminium and 0,11 % for steel.

Therma| expansion of the panels results in movement of the pa Y he next
section pr to the fixtures.

Metal gonnections, such as those depicted current

distribufion in metal facades and thus reduce the influefice of‘the ele ic field inside
the strugture.

A metdl facade produces maximuin
interconnected over its whole area.

High eld gt a stk g obtained when permanent ponding
of adjagent metal facades i ent wsmall intervals.

Symmefry of current dif

ctrically

If stringent requi S Wi espect™o 3 |eI attenuation exist and continuous strip yindows
are incqrporate - a uous strip windows should be bridged by means
of condlctors at s i ) i y be done by means of metal window frames. The

metal facade shou | he window frame at short intervals. Generally, each
ridge is i He-beam of the window frame at intervals not exceeding
the spafi bers of the window construction. Bends and detourg should
always

Metal f3
used as

relatively small elements which are not interconnected cgnnot be
a natural’down-cénductor system or for electromagnetic shielding.

More infofmation on”the protection of electrical installations and electronics in strudtures is
availabled C 62305-4.

E.5.3.6 Test joint
Test joints facilitate measurements of the earth resistance of earth-termination system.

Test joints conforming to 5.3.6, should be installed in the connection of the down-conductors
to the earth-termination system. These joints facilitate the determination by measurement that
an adequate number of connections to the earth-termination system still exists. It is thus
possible to validate the existence of continuous connections between the test joint and the
air-termination system or the next bonding bar. On tall structures, ring-conductors are
connected to the down-conductors, which may be installed in the wall and invisible to the eye;
their existence may only be confirmed by electric measurement.
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Figure E.39a through Figure E.39d show examples of test joint designs, which may be
installed on the inner or outer wall of a structure or in a test box in the earth outside the
structure (see Figure E.39b). To make the continuity measurements possible, some
conductors may have to have insulating sheaths on critical sections.

: o
\ ©
S : 5

XVm L
A
R
E\%X - N g\ o \(
N N N N
; . F\ NN \\\\\\ AN N
7
IEC 2170/05 C N71/
Figure E.39a igure E.39b

=1 @ ®
IEC 2173/05
Figure E.39d

Alternati Alternative 2 — Test joint in the floor

1 Down 1 Down-conductor

2 Type 2 Type A earth electrode, if applicable

3 Type 3 Bonding bar of the internal LPS

4  Foung 4 Type B - Ring earth electrode

5 Bondi 5 Type B - Ring earth electrode

6 Test jpint onthe wa 6 Test joint in the floor

7 Corrogion-resistant T-joint in soil 7 __Corrosion-resistant T- joint in soil

8 Corrosion-resistant joint in soil 8 Corrosion-resistant joint in soil

9 Joint between lightning conductor and a steel girder 9 Joint between lightning conductor and a steel girder

NOTE 1 The test joint detailed in Figure F.39d should be installed on the inner or outer wall of a structure orin a
test box in the earth outside the structure.

NOTE 2 To make the loop resistance measurements possible, some of the connecting conductors should have
insulating sheaths along critical sections.

Figure E.39 — Examples of connection of earth termination to the LPS of structures
using natural down-conductors (girders) and detail of a test joint
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If it makes sense (e.g. in the case of earthing connections to steel columns via connecting
conductors), connections from natural down-conductors to earth-termination electrodes may
be provided with insulated conductor segments and testing joints. Special reference earth
electrodes shall be installed to facilitate monitoring of the earth-termination system of an LPS.

E.5.4 Earth-termination system
E.5.41 General

The LPS designer and the LPS installer should select suitable types of earth electrodes and
should locate them at safe distances from entrances and exits of a structure and from the
external conductive parts in the soil. The LPS deS|gner and the LPS mstaller should make

special [ e earth-
terminafi 8).

The empedded depth and the type of the earth electrodes should k ize the
effects |of corrosion, soil drying and freezing and thereby s t earth
resistanice.

It is recpmmended that the first metre of a vertical earth rded as
being effective under frost conditions.

Deep-dijiven earth electrodes can be effective | i here soil rgsistivity

decrea
to which

t depths greater than those

When t r” earth electrode, spedial care
should e exercised at the interconnections to pre echanical splitting of the condrete.

If the mletal reinforcemeny i g use orotetive earth, the most severe megasure in

respect should be chosen. In this case, larger
sizes of] he need for short and straight conpections
for the | ' i erecognized at all times.

NOTE In stressed cocret, consideration should be given to the consequences of the ppssage of
lightning d¢li 4 d acceptable mechanical stresses.

E.5.4.2

E.5.4.2.

The tyg ination system is suitable for low structures (for examplg family
houses), existing strustures or an LPS with rods or stretched wires or for an isolated LPS.

This type of arrangement comprises horizontal or vertical earth electrodes connected|to each
down-conductor.

Where there is a ring conductor, which interconnects the down-conductors, in contact with the
soil the earth electrode arrangement is still classified as type A if the ring conductor is in
contact with the soil for less than 80 % of its length.

In a type A arrangement the minimum number of earth electrodes should be two.
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E.5.4.2.2 Type B arrangement

The type B earth-termination system is preferred for meshed air-termination systems and for
LPS with several down-conductors.

This type of arrangement comprises either a ring earth electrode external to the structure in
contact with the soil for at least 80 % of its total length or a foundation earth electrode.

For bare solid rock, only the type B earthing arrangement is recommended.

E.5.4.3 Construction

E.5.4.3 (1 General

Earth-tgrmination systems should perform the following tasks:

— conduction of the lightning current into the earth;

— equipotential bonding between the down-conductors;

— potefntial control in the vicinity of conductive building wa
The fou i i 1 ixodes meet dll these

requirer & i i rth electrodeg do not
meet the

The str sed as
foundat I‘orm an
excellern ination
system, i 3 odey, shoyldbe installed around the structyre.

E.5.4.3.

A foundation eagrtl vhi conforpns to 5.4.4, comprises conductors, which are
installeq in the ' ¢ bl earth
electrodes should be

Foundati alled in concrete. They have the advantage thgt, if the

concret¢ is of ! fruction and covers the foundation earth electrode by [at least
50 mm, 2 pratected against corrosion. It should also be remembefred that
reinforc ds in\concrete generate the same magnitude of galvanic potential as
copper il This offers a good engineering solution to the design qf earth-
terminafi . inforced concrete structures (see E.4.3).

Metals Lsed for earth electrodes should conform to the materials listed in Table 7, jand the
behaviourof the metal with rncpnt‘f to corrosion in the soil should Ql\AIQyQ be taken into
account. Some guidance is given in 5.6. When guidance for particular soils is not available,
the experience with earth-termination systems in neighbouring plants, with soil exhibiting
similar chemical properties and consistency, should be ascertained. When the trenches for
earth electrodes are refilled, care should be taken that no fly ash, lumps of coal or building
rubble is in direct contact with the earth electrode.

A further problem arises from electrochemical corrosion due to galvanic currents. Steel in
concrete has approximately the same galvanic potential in the electrochemical series as
copper in soil. Therefore, when steel in concrete is connected to steel in soil, a driving
galvanic voltage of approximately 1 V causes a corrosion current to flow through the soil and
the wet concrete and dissolve steel in soil.

Earth electrodes in soil should use copper or stainless steel conductors where these are
connected to steel in concrete.
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