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Since its foundation in 1980, the “Lightning Protection” Tech-
nical Committee [ECTC81 of the International Electrotechnical
Commission (IEC) has published numerous standards on the
topics of lightning protection for buildings, protection of elec-
tronic systems, risk analysis and simulation of lightning effects.
Parts 1 to 4 of the international IEC 62305 standard series,
which was published in 2006, laid the foundation for lightning
protection standards and their application. This standard se-
ries was published almost at the same time as the European
lightning protection standard series EN 62305 Parts 1 to 4.
The entire |EC standard series was further developed between
2006 and 2010 and was finally published as IEC 62305 Parts
1 to 4:2010-12 (edition 2) in December 2010. While the ad-
aptations were internationally accepted, only Parts 1, 3 and 4
were accepted on the European level and were published as
EN documents in October 2011. Part 2, however, was adapted
to European requirements, improved and finally published as a
European standard in March 2012.

When designing and installing lightning protection systems,
contractors will have to observe the IEC 62305 (EN 62305)
standard series to comply with the state of the art. To this end,
they must make themselves familiar with the content of the
new lightning protection standards.

European treaties require that countries completely adopt Eu-
ropean standards on the national level (not only in the field
of lightning protection). Therefore, additional information is
provided in the form of national supplements. These supple-
ments are not contradictory to the actual standard and are
only informative from a legal point of view. Since these supple-

DEHN + SOHNE, Neumarkt
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ments were prepared by different experts, many aspects from
science as well as from the design, installation and inspection
of lightning protection systems were taken into account. The
supplements are state of the art and must be observed.

This revised and considerably extended edition of the Light-
ning Protection Guide is supposed to make experts in this
field (designers or installers) familiar with the new IEC 62305
(EN 62305) standard series. For this purpose, our Lightning
Protection Guide includes comprehensive practical solutions
for different applications. It also provides general information
on the wide-ranging field of lightning and surge protection
which is a major business area of DEHN where the fourth gen-
eration is now in charge.

At this point we would like to thank Mr Thomas Dehn, former
DEHN Managing Partner of the third generation, for his long-
standing commitment to science, research and education. This
book would not have been published without him.

The third edition of our Lightning Protection Guide is now
available and we hope that this guide will be useful to you.
We kindly ask you to help us improve our Lightning Protec-
tion Guide. Please do not hesitate to send your corrections and
suggestions to lightning.protection.guide@dehn.de. We are
looking forward to your feedback and we will do our best to
consider it in the next edition.

DEHN + SOHNE, December 2014
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State of the art for the
installation of lightning
protection systems



1.1 Installation standards

With the new IEC 62305 (EN 62305) standard series, the state
of the art in the field of lightning protection is incorporated
in a uniform and updated international (European) stand-
ard. The actual lightning protection standards (IEC 62305-3
(EN 62305-3) and IEC 62305-4 (EN 62305-4)) are preceded by
two general standard parts (IEC 62305-1 (EN 62305-1) and
62305-2 (EN 62305-2)) (Table 1.1.1). The supplements to
the German standards include important national information
(Table 1.1.2).

IEC 62305-1 (EN 62305-1): General principles

This part contains information about the risk of lightning
strikes, lightning characteristics and the resulting parameters
for simulating the effects of lightning strikes. In addition, an
overview of the IEC 62305 (EN 62305) standard series is given.
Procedures and protection principles, which form the basis for
the following parts, are explained.

IEC 62305-2 (EN 62305-2): Risk management

Risk management in accordance with [EC 62305-2
(EN 62305-2) includes a risk analysis to determine whether
lightning protection is required. A technically and economi-
cally optimum protection measure is then defined. Finally, the

remaining residual risk is determined. Starting with the un-
protected state of the building, the remaining risk is reduced
and reduced until it is below the tolerable risk. This method
can be both used for a simple determination of the class of
LPS in accordance with IEC 62305-3 (EN 62305-3) and to
establish a complex protection system against lightning elec-
tromagnetic impulses (LEMP) in accordance with IEC 62305-4
(EN 62305-4).

Supplement 1 of the German DIN EN 62305-2 stand-
ard (Supplement 1 of the German VDE 0185-305-2
standard): Lightning threat in Germany

This supplement includes a map of the ground flash density
Ng in Germany. Ny is required for a risk analysis according to
IEC 62305-2 (EN 62305-2).

Supplement 2 of the German DIN EN 62305-2 stand-
ard (Supplement 2 of the German VDE 0185-305-2
standard): Calculation assistance for assessment of
risk for structures

This supplement includes a calculation assistance for as-
sessing the risk according to IEC 62305-2 (EN 62305-2)

to protect structures and persons according to IEC 62305-3
(EN 62305-3) as well as electrical and electronic systems in
structures according to IEC 62305-4 (EN 62305-4).

[EC 62305-1 (EN 62305-1):2010-12
IEC 62305-2 (EN 62305-2):2010-12
[EC 62305-3 (EN 62305-3):2010-12
IEC 62305-4 (EN 62305-4):2010-12
Table 1.1.1

Lightning protection standards valid since December 2010

Protection against lightning Part 1: General principles

Protection against lightning Part 2: Risk management

Protection against lightning Part 3: Physical damage to structures and life hazard
Protection against lightning Part 4: Electrical and electronic systems within structures

Supplement

1 Lightning threat in Germany

DIN EN 62305-2

2
3
1
2
DIN EN 62305-3 3
4
5
1

DIN EN 62305-4

Table 1.1.2  Supplements to the German DIN EN 62305 standard

‘@‘ www.dehn-international.com

Calculation assistance for assessment of risk for structures

Additional information for the application of DIN EN 62305-2 (VDE 0185-305-2)
Additional information for the application of DIN EN 62305-3 (VDE 0185-305-3)
Additional information for special structures

Additional information for the testing and maintenance of lightning protection systems
Use of metallic roofs in lightning protection systems

Lightning and overvoltage protection for photovoltaic power supply systems

Sharing of the lightning current

LIGHTNING PROTECTION GUIDE 9



Supplement 3 of the German DIN EN 62305-2 stand-
ard (Supplement 3 of the German VDE 0185-305-2
standard): Additional information for the application
of DIN EN 62305-2 (VDE 0185-305-2)

This supplement includes information and figures to make it
easier to use and understand the standard and considers new
findings.

IEC 62305-3 (EN 62305-3): Physical damage to
structures and life hazard

This part deals with the protection of structures and persons
from material damage and life-threatening situations caused
by the effects of lightning currents or dangerous sparking,
especially in the event of direct lightning strikes. A lightning
protection system comprising external lightning protection
(air-termination system, down-conductor system and earth-
termination system) and internal lightning protection (light-
ning equipotential bonding and separation distance) serves
as a protection measure. The lightning protection system is
defined by its class of LPS, class of LPS | being more effective
than class of LPS IV. The class of LPS required is determined
with the help of a risk analysis carried out in accordance with
IEC 62305-2 (EN 62305-2), unless otherwise laid down in reg-
ulations (e.g. building regulations).

Supplement 1 of the German DIN EN 62305-3 stand-
ard (Supplement 1 of the German VDE 0185-305-3
standard): Additional information for the application
of DIN EN 62305-3 (VDE 0185-305-3)

Supplement 1 provides more detailed information on Annex E
"Guidelines for the design, construction, maintenance and
inspection of lightning protection systems” of the standard.
It focuses on the dimensioning of the air-termination system,
use of metal components, positioning of air-termination con-
ductors and rods, use of protected volumes, etc. Moreover,
information on the fire behaviour of construction materials
and components is provided. To define the scope of the stand-
ard, the fields where special regulations apply are listed (e.g.
railway systems, electrical transmission, distribution and gen-
eration systems outside a structure, pipelines, vehicles, ships,
aircrafts and offshore systems).

Moreover, different terms and definitions were defined more
exactly (e.g. down-conductor system, earth electrode, light-
ning equipotential bonding) and notes on the correct use of
aluminium conductors mounted on, in or under the surface,
mortar and concrete were added. The note that it is basically
not allowed to use aluminium in the ground is paramount.
The use of connecting lines for single earth electrodes is ex-
plained based on several sample figures.

Protection measures against touch and step voltage and the
use of gutters, downpipes and steel columns, natural earth

10 LIGHTNING PROTECTION GUIDE

electrodes, manually or industrially produced components and
corrosion protection measures were also added or illustrated
in figures.

Supplement 2 of the German DIN EN 62305-3
standard (Supplement 2 of the German VDE 0185-
305-3 standard): Additional information for special
structures

This supplement includes information on special structures
such as hospitals, sports grounds, swimming baths, silos with
potentially explosive areas, high-rack warehouses, sewage
plants and biogas plants, thus taking into account the techno-
logical development over the last years.

Supplement 3 of the German DIN EN 62305-3 stand-
ard (Supplement 3 of the German VDE 0185-305-3
standard): Additional information for the testing
and maintenance of lightning protection systems
This supplement gives information on the inspection of light-
ning protection systems and provides flow charts. Moreover,
terms and their meaning (e.g. lightning protection specialist)
are defined. This supplement includes figures on the different
measuring methods for inspecting lightning protection sys-
tems (contact resistance, earth resistance) and information on
the documentation.

Supplement 4 of the German DIN EN 62305-3 stand-
ard (Supplement 4 of the German VDE 0185-305-3
standard): Use of metallic roofs in lightning protec-
tion systems

Metallic roofs can be used as a natural component of a light-
ning protection system. The aim of this supplement is to pro-
vide additional information on the use of metallic roofs ac-
cording to the IEC 62305 (EN 62305) standard.

Supplement 5 of the German DIN EN 62305-3 stand-
ard (Supplement 5 of the German VDE 0185-305-3
standard): Lightning and overvoltage protection for
photovoltaic power supply systems

This supplement describes the protection of photovoltaic pow-
er supply systems in case of lightning interference and surges
of atmospheric origin. The requirements and measures for en-
suring the protection, operation and availability of photovol-
taic power supply systems are described.

IEC 62305-4 (EN 62305-4): Electrical and electronic
systems within structures

This part deals with the protection of structures with electri-
cal and electronic systems against the effects of the lightning
electromagnetic impulse. Based on the protection measures
according to IEC 62305-3 (EN 62305-3), this standard also
considers the effects of electrical and magnetic fields as well

www.dehn-international.com ‘@‘



as induced voltages and currents caused by direct and indirect
lightning strikes.

The importance and necessity of this standard derive from the
increasing use of different electrical and electronic systems,
which are referred to as information systems. To protect these
information systems, the structure is divided into lightning pro-
tection zones (LPZs). This allows to consider local differences
in number, type and sensitivity of the electrical and electronic
devices when choosing the protection measures. For each
lightning protection zone, a risk analysis in accordance with
IEC 62305-2 (EN 62305-2) is performed to select those protec-
tion measures which provide optimum protection at minimum
cost.

The IEC 62305 (EN 62305) standards Parts 1 to 4 can be used
to design, install, inspect and maintain lightning protection
systems for structures, their installations, their contents and
the persons within.

1.2 Work contracts

A work contractor is fundamentally liable for ensuring that his
service is free of deficiencies. Compliance with the recognised
engineering rules is the decisive starting point for work and
service free of deficiencies. Relevant national standards are
used here in order to fill the factual characteristic of the “rec-
ognised engineering rules” with life. If the relevant standards
are complied with, it is presumed that the work and service is
free of deficiencies. The practical significance of such a prima
facie evidence lies in the fact that a customer who lodges a
complaint of non-conform service by the work contractor (for
example for the installation of a lightning protection system)
has basically little chance of success if the work contractor can
show that he complied with the relevant technical standards.
As far as this effect is concerned, standards and preliminary
standards carry equal weight. The effect of the presumption of
technical standards is removed, however, if either the stand-
ards are withdrawn, or it is proven that the actual standards no
longer represent the state of the art. Standards cannot stati-
cally lay down the state of the recognised engineering rules in
tablets of stone as technical requirements and possibilities are
continually changing. If standards are withdrawn and replaced
with new standards or preliminary standards, it is primarily
the new standards which correspond to the state of the art.
National supplements reflect the recognised state of the art.

Contractors and those placing an order for work regularly
agree that the work must conform to the general state of the
art without the need to make specific mention of this. If the
work shows a negative deviation from this general state of the
art, it is faulty. This can result in a claim being made against
the contractor for material defect liability. The material defect

‘@‘ www.dehn-international.com

liability only exists, however, if the work was already faulty at
the time of acceptance! Circumstances occurring subsequently
— such as a further development of the state of the art — do
not belatedly make the previously accepted, defect-free work
faulty!

For the question of the deficiency of work and service, the state
of the recognised engineering rules at the time of the accept-
ance is the sole deciding factor.

Since, in the future, only the new lightning protection stand-
ards will be relevant at the time of completion and acceptance
of lightning protection systems, they have to be installed in
accordance with these standards. It is not sufficient that the
service conformed to the engineering rules at the time it was
provided, if, between completion of a contract, service provi-
sion and acceptance of the construction work, the technical
knowledge and hence the engineering rules have changed.
Thus, works which have been previously installed and already
accepted under the old standards do not become defective be-
cause, as a result of the updating of the standards, a “higher
technical standard” is demanded.

With the exception of lightning protection systems for nuclear
facilities, lightning protection systems have only to conform
to the state of the art at the time they are installed, i.e. they
do not have to be updated to the latest state of the art. Exist-
ing systems are inspected in the course of maintenance tests
according to the standards in force at the time they were in-
stalled.

1.3 Product standards

Materials and components for lightning protection systems
must be designed and tested for the electrical, mechanical and
chemical stress (e.g. corrosion) which has to be expected dur-
ing use. This affects both the components of the external and
internal lightning protection system.

IEC 62561-1 (EN 62561-1): Lightning protection
system components (LPSC) — Requirements for
connection components

This standard describes test procedures for metal connec-
tion components. Components falling within the scope of this
standard are:

=» Clamps

=» Connectors

= Connection components
= Bridging components
= Expansion pieces

® Test joints

LIGHTNING PROTECTION GUIDE 11



DEHN clamps and connectors meet the requirements of this
test standard.

IEC 62561-2 (EN 62561-2): Lightning protection
system components (LPSC) — Requirements for
conductors and earth electrodes

This standard specifies the requirements on conductors, air-
termination rods, earth lead-in rods and earth electrodes.

IEC 62561-3 (EN 62561-3): Lightning protection
system components (LPSC) — Requirements for
isolating spark gaps (ISG)

IEC 62561-4 (EN 62561-4): Lightning protection
system components (LPSC) — Requirements for
conductor fasteners

IEC 62561-5 (EN 62561-5): Lightning protection
system components (LPSC) — Requirements for earth
electrode inspection housings and earth electrode
seals

IEC 62561-6 (EN 62561-6): Lightning protection
system components (LPSC) — Requirements for
lightning strike counters (LSC)

IEC 62561-7 (EN 62561-7): Lightning protection
system components (LPSC) — Requirements for
earthing enhancing compounds

IEC 61643-11 (EN 61643-11): Surge protective devices
connected to low-voltage power systems — Require-
ments and test methods

This standard describes the requirements on, and inspections
of, surge protective devices (SPDs) to ensure protection against
the effects of indirect and direct lightning strikes or other tran-
sients.

IEC 61643-12 (CLC/TS 61643-12): Surge protective
devices connected to low-voltage power distribution
systems - Selection and application principles

This standard/technical specification must be used together
with the IEC 61643-11 (EN 61643-11) standard and includes
information on parameters which are required for the correct
selection of surge protective devices. It also provides informa-
tion on the selection and coordination of SPDs. In this context,
the entire operating environment of the SPDs used such as
equipment to be protected, system properties, insulation lev-
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els, types of surges, installation methods, place of installation
of SPDs, coordination of SPDs, types of faults of SPDs and the
consequences in case of failure of the equipment to be pro-
tected must be taken into account. The standard/technical
specification describes the principles for the selection, opera-
tion, place of installation and coordination of SPDs connected
to 50/60 Hz a.c. systems and equipment with nominal voltages
up to 1000 V (r.m.s. value). This standard/technical specifica-
tion only covers SPDs in electrical installations of buildings.
Surge protective devices installed in devices are not taken into
account.

IEC 61643-21 (EN 61643-21): Surge protective devices
connected to telecommunications and signalling
networks

This standard describes the performance requirements and test
procedures for surge protection devices used for the protection
of telecommunications and signalling networks including

= Data networks

= Voice transmission networks
= Emergency alarm systems and
= Automation systems

IEC 61643-22 (CLC/TS 61643-22): Low-voltage surge
protective devices - Surge protective devices
connected to telecommunications and signalling
networks — Selection and application principles

This standard/technical specification describes the principles
for the selection and application of surge protective devices
(SPDs) used to protect telecommunications and signalling net-
works.

IEC 61663-1 (EN 61663-1): Lightning protection -
Telecommunication lines - Fibre optic installations

IEC 61663-2 (EN 61663-2): Lightning protection -
Telecommunication lines - Lines using metallic
conductors

Supplement 1 of the German DIN VDE 0845 standard
(Supplement 1 of the German VDE 0845 standard):
Overvoltage protection of information technology
equipment (IT installations)

This supplement provides additional information on how to
protect IT installations against surges. Normative require-
ments are included in IEC 61663-1 (EN 61663-1), IEC 61663-2
(EN 61663-2) and IEC 61643-21 (EN 61643-21).
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2.1 Lightning discharge and lightning
current curves

Every year, an average of around 1.5 million lightning strikes
discharges over Germany. For an area of 357,042 km? this
corresponds to an average flash density of 4.2 lightning dis-
charges per square kilometre and year. The actual flash density,
however, depends to a large extent on geographic conditions.
An initial overview can be obtained from the flash density map
contained in Figure 3.2.3.1. The higher the sub-division of
the flash density map, the more accurate the information it
provides about the actual lightning frequency in the area un-
der consideration.

Using the BLIDS (lightning information service by Siemens)
lightning detection system, it is now possible to locate light-
ning within 200 m in Germany. For this purpose, 145 measur-
ing stations are spread throughout Europe. They are synchro-
nised by means of the highly accurate time signal of the global
positioning system (GPS). The measuring stations record the
time the electromagnetic wave produced by the lightning dis-
charge arrives at the receiver. The point of strike is calculated
from the differences in the times of arrival of the electromag-
netic wave recorded by the various receivers and the corre-
sponding differences in the times it takes the electromagnetic
wave to travel from the location of the lightning discharge to
the receivers. The data determined in this way are filed cen-
trally and made available to the user in form of various pack-
ages. Further information on this service can be obtained from
www.siemens.de/blids (German website).

Thunderstorms come into existence when warm air masses
containing sufficient moisture are transported to great alti-
tudes. This transport can occur in a number of ways. In the case
of heat thunderstorms, the ground is heated up locally by in-
tense insolation. The layers of air near the ground heat up and
rise. For frontal thunderstorms, the invasion of a cold air front
causes cooler air to be pushed below the warm air, forcing it
to rise. Orographic thunderstorms are caused when warm air
near the ground is lifted up as it crosses rising ground. Ad-
ditional physical effects further increase the vertical upsurge
of the air masses. This forms updraught channels with vertical
speeds of up to 100 km/h, which create towering cumulonim-
bus clouds with typical heights of 5 to 12 km and diameters
of 5 to 10 km.

Electrostatic charge separation processes, e.g. friction and
sputtering, are responsible for charging water droplets and
particles of ice in the cloud.

Positively charged particles accumulate in the upper part and
negatively charged particles in the lower part of the thunder-
cloud. In addition, there is again a small positive charge centre
at the bottom of the cloud. This originates from the corona
discharge which emanates from sharp-pointed objects on the
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ground underneath the thundercloud (e.g. plants) and is trans-
ported upwards by the wind.

If the space charge densities, which happen to be present
in a thundercloud, produce local field strengths of several
100 kV/m, leader discharges are formed which initiate a light-
ning discharge. Cloud-to-cloud flashes result in charge neu-
tralisation between positive and negative cloud charge centres
and do not directly strike objects on the ground in the process.
The lightning electromagnetic impulses (LEMP) they radiate
must be taken into consideration, however, because they en-
danger electrical and electronic systems.

Flashes to earth lead to a neutralisation of charge between the
cloud charges and the electrostatic charges on the ground. We
distinguish between two types of lightning flashes to earth:

» Downward flash (cloud-to-earth flash)
=» Upward flash (earth-to-cloud flash)

In case of downward flashes, leader discharges pointing to-
wards the ground guide the lightning discharge from the cloud
to the earth. Such discharges usually occur in flat terrain and
near low buildings. Cloud-to-earth flashes can be recognised
by the branching (Figure 2.1.1) which is directed to earth.
The most common type of lightning is a negative downward
flash where a leader filled with negative cloud charge pushes
its way from the thundercloud to earth (Figure 2.1.2). This
leader propagates as a stepped leader with a speed of around

Downward flash (cloud-to-earth flash)

Figure 2.1.1
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Figure 2.1.2  Discharge mechanism of a negative downward flash
(cloud-to-earth flash)

300 km/h in steps of a few 10 m. The interval between the jerks
amounts to a few 10 ps. When the leader has drawn close to
the earth (a few 100 m to a few 10 m), it causes the strength
of the electric field of objects on the surface of the earth in
the vicinity of the leader (e.g. trees, gable ends of buildings)
to increase. The increase is great enough to exceed the dielec-
tric strength of the air. These objects involved reach out to the
leader by growing positive streamers which then meet up with
the leader, initiating the main discharge.

Positive downward flashes can arise out of the lower, posi-
tively charged area of a thundercloud (Figure 2.1.3). The
ratio of the polarities is around 90 % negative lightning to
10 % positive lightning. This ratio depends on the geographic
location.

On very high, exposed objects (e.g. wind turbines, radio masts,
telecommunication towers, steeples) or on the tops of moun-
tains, upward flashes (earth-to-cloud flashes) can occur. It
can be recognised by the upwards-reaching branches of the
lightning discharge (Figure 2.1.4). In case of upward flashes,
the high electric field strength required to trigger a leader is
not achieved in the cloud, but rather by the distortion of the
electric field on the exposed object and the associated high
strength of the electric field. From this location, the leader and
its charge channel propagate towards the cloud. Upward flash-
es occur with both negative polarity (Figure 2.1.5) and with
positive polarity (Figure 2.1.6). Since, with upward flashes,
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Figure 2.1.3  Discharge mechanism of a positive downward flash
(cloud-to-earth flash)

the leaders propagate from the exposed object on the surface
of the earth to the cloud, high objects can be struck several
times by one lightning discharge during a thunderstorm.

Depending on the type of flash, each lightning discharge con-
sists of one or more partial lightning strikes. We distinguish
between short strokes with a duration of less than 2 ms and
long strokes with a duration of more than 2 ms. Further distinc-
tive features of partial lightning strikes are their polarity (nega-
tive or positive) and their temporal position in the lightning
discharge (first, subsequent or superimposed). The possible

Figure 2.1.4  Upward flash (earth-to-cloud flash)
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Figure 2.1.5 Discharge mechanism of a negative upward flash
(earth-to-cloud flash)

combinations of partial lightning strikes are shown in Figure
2.1.7 for downward flashes, and in Figure 2.1.8 for upward
flashes.

The lightning currents consisting of both short strokes and
long strokes are impressed currents, i.e. the objects struck
have no effect on the lightning currents. Four parameters
which are important for lightning protection can be obtained
from the lightning current curves shown in Figures 2.1.7
and 2.1.8:

= The peak value of the lightning current |

= The charge of the lightning current Qg,q, consisting of the
charge of the short stroke Qg and the charge of the long
stroke Qiong

= The specific energy WIR of the lightning current
= The steepness di/dt of the lightning current rise.

The following chapters show which of the individual para-
meters are responsible for which effects and how they influ-
ence the dimensioning of lightning protection systems.

2.2 Peak value of the lightning current

Lightning currents are impressed currents, in other words a
lightning discharge can be considered to be an almost ideal
current source. If an impressed electric current flows through
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Tleader

Figure 2.1.6 Discharge mechanism of a positive upward flash (earth-
to-cloud flash)

conductive parts, a voltage drop across the part carrying the
current occurs due to the amplitude of the current and the
impedance of the conductive part carrying the current. In
the simplest case, this relationship can be described using
Ohm’s Law.

U=1I1-R

I Peak value of the lightning current
R Earth resistance

If a current is formed at a single point on a homogeneously
conducting surface, a potential gradient area arises. This ef-
fect also occurs when lightning strikes homogeneous ground
(Figure 2.2.1). If living beings (persons or animals) are
inside this potential gradient area, step voltage is formed
which can cause electric shock (Figure 2.2.2). The higher
the conductivity of the ground, the flatter is the potential
gradient area. The risk of dangerous step voltages is thus
also reduced.

If lightning strikes a building which is already equipped with a
lightning protection system, the lightning current flowing via
the earth-termination system of the building causes a voltage
drop across the earth resistance Ry of the earth-termination
system of the building (Figure 2.2.3). As long as all exposed
conductive parts in the building are raised to the same high
potential, persons inside the building are not in danger. There-
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Figure 2.1.7  Possible components of a downward flash
+|| superimposed +|
T short strokes T
short stroke
M/\ first long long stroke
stroke
/
positive or negative —>t positive or negative —>t

T subsequent T
short strokes
negative —»t negative —»t
+|
T . single long
ro stroke
on i
positive or negative —»t

Figure 2.1.8  Possible components of an upward flash
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fore, it is necessary to establish equipotential bonding for all
exposed conductive parts in the building and all extraneous
conductive parts entering the building. If this is disregarded,
dangerous touch voltages may occur in case of a lightning
strike.

The rise in potential of the earth-termination system as a re-
sult of the lightning current also creates a hazard for electrical
installations (Figure 2.2.4). In the example shown, the opera-
tional earth of the low-voltage supply system is located outside
the potential gradient area caused by the lightning current. If
lightning strikes the building, the potential of the operational
earth Rg is therefore not identical with the earth potential of
the consumer’s installation inside the building. In the example,
the difference is 1000 kV. This endangers the insulation of the
electrical installation and the equipment connected to it.

o

¢ potential relative to
the reference point

r  distance from
the point of strike

>
r

Figure 2.2.1

Potential distribution in case of a lightning strike to
homogenous ground

Figure 2.2.2  Animals killed by electric shock due to step voltage
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air-termination
system i

down conductor

earth-termination system Y

with earth resistance Rg

lightning impulse current

current —p

time —»
Figure 2.2.3  Potential rise of the building’s earth-termination system

with respect to the remote earth caused by the peak value
of the lightning current
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Figure 2.2.4 Risk for electrical installations resulting from a poten-
tial rise of the earth-termination system
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2.3 Steepness of the lightning current
rise

The steepness of lightning current rise Ai/At, which is effec-
tive during the interval At, defines the intensity of the elec-
tromagnetically induced voltages. These voltages are induced
in all open or closed conductor loops located in the vicinity
of conductors carrying lightning current. Figure 2.3.1 shows
possible configurations of conductor loops in which lightning
currents could induce voltages. The square wave voltage U in-
duced in a conductor loop during the interval att is:

A

U=M =

At

M Mutual inductance of the loop

AilAt  Steepness of the lightning current rise

As already described, lightning discharges consist of a number
of partial lightning strikes. As far as the temporal position is
concerned, a distinction is made between first and subsequent
short strokes within a lightning discharge. The main difference
between these two types of short strokes is that, due to the

down conductor

building

Loop of the down con-
ductor with possible
flashover distance s,

Loop of the down con-
ductor and installation
cable with possible
flashover distance s,

Installation loop with
possible flashover
1 distance s;

90% 100%

lightning current

=
2 current —p

time —»
front time T,

induced square-wave voltage

voltage —
[y |

—— T
time—>»

T
<

»
>

Figure 2.3.1 Square-wave voltage induced in loops due to the

current steepness Ai/At of the lightning current
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formation of a lightning channel, the lightning current rise in
case of a first stroke is not as steep as that of the subsequent
stroke, which can use an existing conductive lightning channel.
The steepness of the lightning current rise of the subsequent
stroke is therefore used to assess the maximum induced volt-
age in conductor loops. Figure 2.3.2 shows an example of
how to assess the induced voltage in a conductor loop.

2.4 Charge of the lightning current

The charge Qyh Of the lightning current consists of the charge
Qshort Of the short stroke and the charge Qg of the long
stroke. The charge

Q= [idt

of the lightning current is decisive for the energy conversion at
the exact point of strike and at all points where the lightning
current occurs in the form of an arc along an insulating clear-
ance. The energy W converted at the base point of the arc is the

M, (uH) 4
10 1]
1 \>\
_\ a= 10 m
0.1
\ a=3m
0.01
a=1m
0.001 a=01m
0.1-103
a=003m-a=03m
0.01-1073 >
0.1 03 1 3 10 30 s (m)

Sample calculation
based on an installation loop (e.g. alarm system)

A
At
a 10m
s 3m
Ai kA
At 150 us
(high requirement)

n The following results for M, ~ 4.8 yH from the diagram:
U=4.8-150=720kV

Figure 2.3.2  Sample calculation for induced square-wave voltages in
squared loops
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lightning current

™
current—p>

+ Qshort = I idt

time —p>

long stroke current

current—p>

Qlong = Iidt

time —»
tip of the lightning protection system

Figure 2.4.1  Energy conversion at the point of strike due to the

charge of the lightning current

0 10 20 30 40 50 60 70 80 90 100
Galvanised steel
100 kA (10/350 ps)

0 10 20 30 40 50 60 70 80 90 100
Copper
100 kA (10/350 ps)

Figure 2.4.2  Effect of a short stroke arc on a metal surface

product of the charge Q and the anode/cathode drop voltage
Up,c. which is in the micrometre range (Figure 2.4.1).

The average value of Uy ¢ is some 10V and depends on influ-
ences such as the current intensity and wave form:

W:Q'UA,C

Q Charge of the lightning current
Upnc  Anode/cathode drop voltage

Consequently, the charge of the lightning current causes the
components of the lightning protection system directly struck
by lightning to melt and also stresses isolating and protective
spark gaps as well as spark-gap-based surge protective de-
vices. Recent tests have shown that, because the arc persists
for a longer time, it is mainly the long stroke charge Qjong
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Aluminium
d = 0.5 mm; 200 A, 350 ms

Copper
d =0.5mm; 200 A, 180 ms

B e

10.00 mm
Stainless steel Steel

d=0.5mm; 200 A, 90 ms d =0.5mm; 200 A, 100 ms

d =0.5mm; 200 A, 100 ms

Figure 2.4.3 Plates perforated by the effects of long stroke arcs

which is capable of melting or vaporising large volumes of
material. Figures 2.4.2 and 2.4.3 show a comparison be-
tween the effects of the short stroke charge Qgo¢ and the
long stroke charge Qong.

2.5 Specific energy

The specific energy W/R of a short stroke is the energy the short
stroke converts into a resistance of 1 Q. This energy conversion
is the integral of the square of the short stroke over time for
the duration of the short stroke:

W
W fea
R I

Therefore, this specific energy is frequently referred to as cur-
rent square impulse. It is relevant for the temperature rise in
conductors carrying lightning impulse currents as well as for
the force exerted between conductors carrying lightning im-
pulse currents (Figure 2.5.1).
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Figure 2.5.1 Temperature rise and force resulting from the specific

energy of the lightning current

For the energy W converted in a conductor with resistance R
we have:

. W
W=R-[idt=R —
R
R (Temperature-dependent) d.c. resistance of the con-
ductor

W/R  Specific energy

The calculation of the temperature rise of conductors carry-
ing lightning impulse currents may be required if the risks to
persons and the risks from fire and explosion have to be taken
into account during the design and installation of lightning
protection systems. The calculation assumes that all the ther-
mal energy is generated by the ohmic resistance of the com-
ponents of the lightning protection system. Furthermore, it is
assumed that there is no perceptible heat exchange with the
surroundings due to the short duration of the process. Table
2.5.1 lists the temperature rises of different lightning protec-
tion materials as well as their cross-sections as a function of
the specific energy.

The electrodynamic forces F generated by a current i in a con-
ductor with a long, parallel section of length | and a distance
d (Figure 2.5.2) can be calculated as an approximation using
the following equation:
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| Cross-section [mm?]] 4 | 10 [ 16 ] 25 | 50_
25 -

564 146 52 12 3
Aluminium
5ol - — 454 132 28 7
WIR [MJ/Q]
10 - = - 283 52 12
25N - = 1201 B2ANN WS 78 N9
Iron
56 - = - 913 9% 20
W/R [MJ/IQ]
10 - = = - 211 37
25 - 169 56 22 5 1
Copper
56 - 542 143 51 12 3
WIR [MJ/Q]
oy - - 309 98 22 5
Stainless 2.5 - - - 940 190 45
steel 56 - - - - 460 100
WRIMIQI 10 - - - - 940 190
Table 2.5.1  Temperature rise AT in K of different conductor materials

F(t)= Ho Z'Q(t).i
2T d
F(t) Electrodynamic force
i Current
Ho Magnetic field constant in air (4 rt- 107 H/m)
I Conductor length
d Distance between the parallel conductors

The force between the two conductors is attractive if the cur-
rents flow in the same direction and repulsive if the currents
flow in opposite directions. It is proportional to the product
of the currents in the conductors and inversely proportional
to the distance of the conductors. Even in the case of a sin-
gle, bent conductor, a force is exerted on the conductor. In this
case, the force is proportional to the square of the current in
the bent conductor.

Thus, the specific energy of the short stroke defines the stress
which causes reversible or irreversible deformation of com-
ponents and arrangements of a lightning protection system.
These effects are considered in the test setups of the product
standards concerning the requirements made on lightning pro-
tection components for lightning protection systems.

Annex D of IEC 62305-1 describes in detail in which way the
lightning current parameters relevant to the point of strike are
important for the physical integrity of an LPS. As explained
above, these are in general the peak current I, the charge Q,
the specific energy W/R, the duration T and the average steep-
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Figure 2.5.2  Electrodynamic force between parallel conductors

. o Lightning protec-
First positive stroke tion level (LPL)

Parameters | i im 1w
Peak current | [kA] 200 150 100
Short stroke charge Qqhort [C] 100 75 50
Specific energy W/R [MJ/Q] 10 5.6 25

Wave form T4/T, [ps/ps] 10/350

First negative stroke “

Parameters | i m v
Peak current | [kA] 100 75 50
Average steepness di/dt [kA/ps] 100 75 50
Wave form T4/T, [ps/ps] 1/200

Subsequent stroke “

Parameters | i m v
Peak current | [kA] 50 375 25
Average steepness di/dt [kA/ps] 200 150 100
Wave form T4/T, [ps/ps] 0.25/100

Long stroke T

Parameters | 1} m v
Long stroke charge Qignq [C] 200 150 100
Time Tigng [s] 0.5
| Flash | LPL
Parameters | Il m v

Flash charge Qqash [Cl
Table 2.6.1

300 225 150

Maximum lightning current parameters and wave
forms for the different lightning current components
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ness of the current di/dt. Each parameter tends to dominate a
different failure mechanism as analysed in detail above.

2.6 Lightning current components

Figures 2.1.7 and 2.1.8 show the fundamental lightning
current curves and the possible components of upward and
downward flashes as described in the IEC 62305-1 lightning
protection standard.

The total lightning current can be subdivided into individual
lightning current components:

= First positive short stroke
= First negative short stroke
= Subsequent short stroke
= Long stroke

Maximum values are assigned to the individual lightning pro-
tection components depending on the lightning protection
level (LPL). The time characteristic of the lightning current
plays an important role for most of the lightning effects de-
scribed before. Therefore, time parameters are defined for the
individual lightning current components in the lightning pro-
tection standards. These wave forms are also used for analy-
sis and as test parameters for simulating the lightning effects
on LPS components. In the latest version of the IEC 62305-2
(EN 62305-2) standard, the first negative short stroke is intro-
duced as a new lightning current component. The first negative
short stroke is currently only used for calculations and is the
highest risk for some induction effects. Table 2.6.1 gives an
overview of the maximum parameters according to the light-
ning protection level as well as the wave form for the indi-
vidual lightning current components defined in the standard.

2.7 Assignment of lightning current
parameters to lightning protection
levels

Lightning protection levels | to IV are laid down to define light-
ning as a source of interference. Each lightning protection level
requires a set of

=®» Maximum values (dimensioning criteria which are used to
design lightning protection components in such a way that
they meet the requirements expected) and

=® Minimum values (interception criteria which are necessary
to be able to determine the areas which are sufficiently
protected against direct lightning strikes (rolling sphere
radius)).
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Maximum values
(dimensioning criteria)

Probability that the

Light-

ULCICSN Maximum | lightni

T peak value of actual lightning current
. : is smaller than the
level the lightning :
current maximum peak value of
the lightning current

| 200 kA 99%

Il 150 kA 98 %

il 100 kA 95 %

\% 100 kA 95 %

Table 2.7.1  Maximum lightning current parameter values and their

probabilities

Tables 2.7.1 and 2.7.2 show the assignment of the lightning
protection levels to the maximum and minimum values of the
lightning current parameters.

2.8 Lightning current measurements
for upward and downward flashes

In general, it is assumed that downward flashes (cloud-to-
earth flashes) place a greater stress on objects hit by light-
ning than upward flashes (earth-to-cloud flashes), particularly
with regard to short strokes. In the majority of cases, down-
ward flashes are to be expected in flat terrain and near low
structures. If, however, structures are situated in an exposed
location and/or are very high, upward flashes typically occur.
The parameters defined in the lightning protection standards
generally apply to upward and downward flashes. In case of
upward flashes, especially the long stroke with or without su-
perimposed impulse currents must be considered.

A more exact determination of the lightning current parameters
and their mutual dependence for upward and downward
flashes is in preparation. Therefore, lightning current measure-
ments for scientific fundamental research are performed on
different lightning measuring stations throughout the world.
Figure 2.8.1 shows the lightning measuring station oper-
ated by the Austrian research group ALDIS on the Gaisherg
mountain near Salzburg/Austria. Since 2007, DEHN has been
performing lightning current measurements on this measuring
station by means of a mobile lightning current detection unit.
The results of these comparison measurements basically con-
firm the lightning current parameters as described in the lat-
est [EC 62305-1 (EN 62305-1) standard. The high number of
superimposed impulse currents in case of upward flashes is

24 LIGHTNING PROTECTION GUIDE

Minimum values

(dimensioning criteria)

SCLLZEN  Minimum  Probability that the

ning pro- X actual lightning o .
tection value current is greater herg
level of the  than the minimum rz dius
lightning  peak value of the
current lightning current
I 3 kA 99 % 20m
I 5 kA 97 % 30m
M 10 kA 91 % 45 m
\% 16 kA 84% 60 m
Table 2.7.2 Minimum lightning current parameter values and their
probabilities

Place of installation of the
high-current shunt of the
research group ALDIS at the
top of the tower

Place of installation of the
I Rogowski coils of the mobile

p detection system at the top
| ~_ platform

Place;} installation

of the data loggers
and levaluation units

Lightning current measurements by the Austrian lightning
research group ALDIS and DEHN at the ORS transmission
mast on top of the Gaisberg mountain near Salzburg
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particularly remarkable. With an average of 8 short strokes
(either superimposed on the long stroke or subsequent to the
long stroke), considerably more impulse currents were record-
ed than the 3 to 4 subsequent strokes which typically occur in
case of downward flashes. Thus, the 3 to 4 impulse discharges
per flash stated in the lightning protection standards only ap-
ply to downward flashes.

For 10 years (2000 to 2009), ALDIS has been recording 10
flashes with total charges exceeding the maximum charge val-
ue of 300 As depending on the lightning protection level (LPL).
These high charge values were recorded only during winter
thunderstorms. In the first measuring period, the mobile sys-
tem also recorded long strokes during winter thunderstorms
with higher charges than the charges specified for LPL I.
Figure 2.8.2 shows a long stroke with a charge of 405 As
recorded in January 2007. These extreme loads, which exceed
the charge value of 300 As of LPL I, may have to be taken
into account when taking lightning protection measures for
high structures at exposed locations such as wind turbines and
transmitters.

Negative downward flash and the associated partial
lightning current

A negative cloud-to-earth flash was recorded during the light-
ning current measurements. Compared to the previously de-
scribed upward flashes, this downward flash is characterised
by a considerably higher short strokes value. The detected
negative downward flash has a maximum current of about
29 kA and a charge of about 4.4 As. Figure 2.8.3 shows a
comparison between the current curves recorded by the scien-
tific ALDIS measuring system and the mobile lightning current
detection system. Both current curves are in good agreement.
Another slowly increasing negative lightning current of about
5 kA is superimposed on the decreasing short stroke. In light-
ning research, this characteristic lightning current component is
referred to as M-component. In the second measuring period,
the mobile lightning current detection system also recorded
partial currents in one of the low-voltage cables installed be-
tween the platform at a height of 80 m and the operations
building at the foot due to the high number of measuring chan-
nels. Between these two installation points, there are numerous
parallel discharge paths for the lightning current. The lightning
current splits between the metal mast structure and the numer-
ous power supply, data and antenna cables. Thus, the measured
absolute value of the partial lightning current in a single low-
voltage cable does not provide any useful information. How-
ever, it was verified that the partial lightning current in the low-
voltage cable under consideration has the same polarity as well
as a wave form and current flow duration comparable to the
primary lightning current at the top of the tower. Consequently,
a surge protective device installed to protect this cable must be
capable of discharging partial lightning currents.
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Figure 2.8.2 Long stroke with superimposed impulse currents of
an upward flash with a total charge of approximately
405 As — recorded at the Gaisberg transmission mast
during a winter thunderstorm

0+ ALDIS

subsequent DERN

M-component

total current [kA]
v
1

negative
short stroke

0 0.2 0.4 0.6 0.8
time [ms]

partial current [A] power supply line

Figure 2.8.3 Negative downward flash with M-component (top)
and partial lightning current in a power supply line
(below) — recorded at the Gaisberg transmission mast
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Designing a lightning
protection system



3.1 Necessity of a lightning protection
system - Legal regulations

The purpose of a lightning protection system is to protect
buildings from direct lightning strikes and possible fire or from
the consequences of lightning currents (non-igniting flash).

If national regulations such as building regulations, special
regulations or special directives require lightning protection
measures, they must be implemented.

If these regulations do not specify a class of LPS, a lightning
protection system which meets the requirements of class of
LPS Il according to IEC 62305-3 (EN 62305-3) is recommended
as a minimum. In principle, a risk analysis, which is described
in the IEC 62305-2 (EN 62305-2) standard (see chapter 3.2.1),
should be performed for an overall assessment.

In Germany, the

= VdS 2010 guideline “Risikoorientierter Blitz- und Uber-
spannungsschutz, Richtlinien zur Schadenverhiitung”
[“Risk-oriented lightning and surge protection, guideline
for damage prevention”]

can be used to determine the class of LPS.

For example, the Bavarian building regulations (BayBO) state
that permanently effective lightning protection systems must
be installed when lightning can easily strike a structure or can
have serious consequences due to:

» |ts location,
= |ts type of construction or
» [ts use

This means: A lightning protection system must be in-

stalled even if only one of the requirements is met.

A lightning strike can have particularly serious conse-

quences for structures due to their location, type of construc-

tion or use.

A nursery school, for example, is a structure where a lightning

strike can have serious consequences due to its use.

The interpretation of this statement is made clear in the fol-

lowing court judgement:

Extract from the Bavarian Administrative Court, decision of

4 July 1984 — No. 2 B 84 A.624.

1. A nursery school is subject to the requirement to install ef-
fective lightning protection systems.

2. The legal requirements of the building regulations for at
least fire-retardant doors when designing staircases and
exits also apply to a residential building which houses a
nursery school.
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For the following reasons: According to article 15, section 7
of the Bavarian building regulations (valid section at the time
of the court decision), structures where a lightning strike can
easily occur or can have serious consequences due to their
location, type of construction or use must be equipped with
permanently effective lightning protection systems. Thus, ef-
fective protective devices are required in two cases. In the first
case, the structures are particularly susceptible to lightning
strikes (e.g. due to their height or location); in the other case, a
lightning strike (e.g. due to the type of construction or use) can
have particularly serious consequences. The plaintiff's build-
ing falls under the latter category since it is used as a nursery
school. A nursery school is a structure where a lightning strike
can have serious consequences due to its use. The fact that
nursery schools are not expressly mentioned in the examples
of structures which are particularly at risk in the notes of the
Bavarian building regulations does not make any difference.
The risk of serious consequences if lightning hits a nursery
school results from the fact that, during day time, a large num-
ber of children under school age are present at the same time.
The fact that the rooms where the children spend their time are
on the ground floor and that the children could escape through
several windows — as put forward by the plaintiff — is not deci-
sive. In the event of fire, there is no guarantee that children of
this age will react sensibly and leave the building through the
windows, if necessary. In addition, the installation of sufficient
lightning protection equipment is not too much to expect of
the operator of a nursery school. Article 36, section 6 of the
Bavarian building regulations (valid section at the time of the
court decision) requires that, amongst other things, staircases
must have entrances to the basement which have self-closing
doors which are, at least, fire-retardant. This requirement does
not apply to residential buildings with up to two flats (arti-
cle 36, section 10 of the Bavarian building regulations (valid
section at the time of the court decision)). The defendant only
made the demand when the plaintiff converted the building,
which was previously used as a residential building, into a
nursery school in accordance with the authorised change of
use. The exemption provision of article 36, section 10 of the
Bavarian building regulations (valid section at the time of the
court decision) cannot be applied to buildings which were built
as residential buildings with up to two flats, but which now
(also) serve another purpose which justifies the application
of the safety requirements in article 36, section 1 to 6 of the
Bavarian building regulations (valid section at the time of the
court decision). This is the case here.

Serious consequences (panic) can also arise when lightning
hits places of public assembly, schools and hospitals. For
these reasons, it is necessary that all endangered structures
are equipped with permanently effective lightning protection
systems.
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Lightning protection systems required

Structures where a lightning protection system must be typi-
cally installed because, in these cases, the law has affirmed
the need, are:

1. Places of public assembly with stages or covered areas
and places of public assembly for showing films if the
associated assembly rooms, individually or together,
accommodate more than 200 visitors;

2. Places of public assembly with assembly rooms which,
individually or together, accommodate more than 200
visitors; in case of schools, museums and similar build-
ings, this regulation only applies to the inspection of
technical installations in assembly rooms which in-
dividually accommodate more than 200 visitors and
their escape routes;

3. Sales areas with sales rooms of more than 2000 m? of
floor space;
4. Shopping streets with several sales areas which are

connected to each other either directly or via escape
routes and whose sales rooms individually have less
than 2000 m? of floor space and have a total floor
space of more than 2000 m?;

5. Exhibition areas whose exhibition rooms, individually
or together, have more than 2000 m? of floor space;

6. Restaurants with more than 400 seats or hotels with
more than 60 beds;

High-rise buildings (depending on the federal state);
Hospitals and other structures of a similar purpose;

Medium-sized and large-scale garages (depending on
the federal state);

10. Structures

10.1  Containing explosives, such as ammunition factories,
ammunition and explosive stores,

10.2  Containing hazardous locations such as varnish and
paint factories, chemical factories, large warehouses
containing flammable liquids and large gas tanks,

10.3  Particularly at risk of fire such as
— Large woodworking factories,
— Buildings with thatched roofs,

— Warehouses and production facilities with a high
fire load,

10.4  For a large number of persons such as
— Schools,
— Homes for the elderly and children’s homes,
— Barracks,
— Correctional facilities,
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— Railway stations,
10.5  With cultural heritage such as
— Buildings of historic interest,
— Museums and archives,
10.6  Protruding above their surroundings such as
— High chimneys,
— Towers,
— High buildings.

The following list provides an overview of the relevant “Gen-
eral provisions” which deal with the necessity, design and in-
spection of lightning protection systems.

General international and national provisions:

DIN 18384:2012 (German standard)

German construction contract procedures (VOB) — Part C: Gen-
eral technical specifications in construction contracts (ATV) —
Installation of lightning protection systems

Lightning protection systems

IEC 62305-1:2010 (EN 62305-1:2011)
General principles

IEC 62305-2:2010 (EN 62305-2:2012)
Risk management

Supplement 1 of the German DIN EN 62305-2
standard:2013
Lightning threat in Germany

Supplement 2 of the German DIN EN 62305-2
standard:2013
Calculation assistance for assessment of risk for structures

Supplement 3 of the German DIN EN 62305-2
standard:2013

Additional information for the application of DIN EN 62305-2
(VDE 0185-305-2)

IEC 62305-3:2010 (EN 62305-3:2011)
Physical damage to structures and life hazard

Supplement 1 of the German DIN EN 62305-3
standard:2012

Additional information for the application of DIN EN 62305-3
(VDE 0185-305-3)
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Supplement 2 of the German DIN EN 62305-3
standard:2012
Additional information for special structures

Supplement 3 of the German DIN EN 62305-3
standard:2012

Additional information for the testing and maintenance of
lightning protection systems

Supplement 4 of the German DIN EN 62305-3
standard:2008
Use of metallic roofs in lightning protection systems

Supplement 5 of the German DIN EN 62305-3
standard:2014

Lightning and overvoltage protection for photovoltaic power
supply systems

IEC 62305-4:2010 (EN 62305-4:2011)
Electrical and electronic systems within structures

IEC 62561-1:2012 (EN 62561-1:2012)

Requirements for connection components

This standard describes the requirements for metal connection
components such as connectors, connecting and bridging com-
ponents, expansion pieces and test joints for lightning protec-
tion systems.

IEC 62561-2:2012 (EN 62561-2:2012)

Requirements for conductors and earth electrodes

This standard specifies e.g. the dimensions and tolerances
for metal conductors and earth electrodes as well as the test
requirements for the electrical and mechanical values of the
materials.

IEC 62561-3:2012 (EN 62561-3:2012)
Requirements for isolating spark gaps

IEC 62561-4:2010 (EN 62561-4:2011)
Requirements for conductor fasteners

IEC 62561-5:2011 (EN 62561-5:2011)
Requirements for earth electrode inspection housings and
earth electrode seals

IEC 62561-6:2011 (EN 62561-6:2011)
Requirements for lightning strike counters

IEC 62561-7:2011 (EN 62561-7:2012)
Requirements for earthing enhancing compounds
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DIN V VDE V 0185-600:2008 (German standard)
Testing of the suitability of coated metallic roofs as a natural
components of the lightning protection system

Special standards for earth-termination systems

DIN 18014:2007 (German standard)
Foundation earth electrode — General planning criteria

DIN VDE 0151:1986 (German standard)
Material and minimum dimensions of earth electrodes with
respect to corrosion

IEC 61936-1:2010 (EN 61936-1:2010)
Power installations exceeding 1 kV a.c.

EN 50522:2010
Earthing of power installations exceeding 1 kV a.c.

DIN VDE 0141:2000 (German standard)
Earthing system for special power installations with nominal
voltages above 1 kV

EN 50341-1:2012
Overhead electrical lines exceeding AC 1 kV

EN 50162:2004
Protection against corrosion by stray current from direct cur-
rent systems

Special standards for internal lightning and surge
protection, equipotential bonding

IEC 60364-4-41:2005 (HD 60364-4-41:2007)
Low-voltage electrical installations — Part 4-41: Protection for
safety - Protection against electric shock

IEC 60364-4-44:2001 (HD 60364-4-443:2006)
Low-voltage electrical installations — Part 4-44: Protection for
safety — Protection against voltage disturbances and electro-
magnetic disturbances — Clause 443: Protection against over-
voltages of atmospheric origin or due to switching

IEC 60364-4-44:2007 (HD 60364-4-444:2010)
Low-voltage electrical installations — Part 4-444: Protection for
safety — Protection against voltage disturbances and electro-
magnetic disturbances

IEC 60364-5-53:2002 (HD 60364-5-534:2008)
Low-voltage electrical installations — Selection and erection
of electrical equipment — Isolation, switching and control —
Clause 534: Devices for protection against overvoltages
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This standard deals with the use of class I, Il and Il surge pro-
tective devices in low-voltage consumer’s installations for the
protection against indirect contact.

IEC 60364-5-54:2011 (HD 60364-5-54:2011)

Low-voltage electrical installations

Part 5-54: Selection and erection of electrical equipment —
Earthing arrangements and protective conductors

This standard includes provisions for the installation of earth-
termination systems and equipotential bonding measures.

IEC 60664-1:2007 (EN 60664-1:2007)

Insulation coordination for equipment within low-voltage sys-
tems — Part 1: Principles, requirements and tests

This standard defines the minimum clearances, their selection
and the rated impulse withstand voltages for overvoltage cat-
egories | to IV.

VDN guideline:2004 (German guideline)

Surge Protective Devices Type 1 — Guideline for the use of
surge protective devices (SPDs) Type 1 in main power supply
systems.

This guideline describes the use and installation of type 1
surge protective devices upstream of the meter.

Special standards for PV systems

IEC 60364-7-712:2002 (HD 60364-7-712:2005)
Solar photovoltaic (PV) power supply systems

CLC/TS 50539-12:2010
SPDs connected to photovoltaic installations

Special standards for electronic systems such as
television, radio, data systems (telecommunications
systems)

DIN VDE 0800-1:1989 (German standard)
General concepts requirements and tests for the safety of fa-
cilities and apparatus

DIN V VDE V 0800-2:2011 (German standard)
Information technology — Part 2: Equipotential bonding and
earthing

Part 2 summarises all earthing and equipotential bonding re-
quirements for the operation of a telecommunications system.

DIN VDE 0800-10:1991 (German standard)

Transitional requirements on erection and operation of instal-
lations
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Part 10 includes requirements for the erection, extension,
modification and operation of telecommunication systems.
Section 6.3 calls for surge protection measures.

EN 50310:2010
Application of equipotential bonding and earthing in buildings
with information technology equipment

IEC 61643-21:2000 (EN 61643-21:2001)

Low voltage surge protective devices — Part 21: Surge protec-
tive devices connected to telecommunications and signalling
networks — Performance requirements and testing methods

IEC 61643-22:2004 (CLC/TS 61643-22:2006)
Surge protective devices connected to telecommunications
and signalling networks — Selection and application principles

IEC 60728-11:2010 (EN 60728-11:2010)

Cable networks for television signals, sound signals and inter-
active services — Part 11: Safety

Part 11 requires measures to protect against atmospheric dis-
charges (earthing of the antenna support, equipotential bond-
ing).

DIN VDE 0855-300:2008 (German standard)
Transmitting/ receiving systems, safety requirements

Section 12 of Part 300 describes lightning/surge protection
and earthing for antenna systems.

IEC 61663-1:1999 (EN 61663-1:1999)

Telecommunication lines — Part 1: Fibre optic installations

This standard describes a method for calculating possible
damage and for selecting adequate protection measures and
specifies the permissible frequency of damage. However, only
primary faults (interruption of operations) and no secondary
faults (damage to the cable sheath (hole formation)) are con-
sidered.

IEC 61663-2:1999 (EN 61663-2:1999)

Telecommunication lines — Part 2: Lines using metallic conduc-
tors

This standard must only be applied to the lightning protection
of telecommunication and signal lines with metal conductors
which are located outside buildings (e.g. access networks of
landline providers, lines between buildings).

Special installations
EN 1127-1:2011

Explosion prevention and protection — Part 1: Basic concepts
and methodology
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This standard is a guideline on how to prevent explosions and
to protect against the effects of explosions by taking measures
during the design and installation of devices, protection sys-
tems and components.

Section 5.7 and 6.4.8 require protection against the effects of
a lightning strike if the installations are at risk.

IEC 60079-14:2007 (EN 60079-14:2008)

Electrical installations design, selection and erection

It is pointed out that the effects of lightning strikes must be
observed. The standard requires comprehensive equipotential
bonding in all Ex zones.

VDE series 65

Elektrischer Explosionsschutz nach DIN VDE 0165; VDE Ver-
lag Berlin, Anhang 9: PTB-Merkblatt fiir den Blitzschutz an
eigensicheren Stromkreisen, die in Behalter mit brennbaren
Fliissigkeiten eingefiihrt sind [Electrical explosion protection
according to DIN VDE 0165, Annex 9: PTB bulletin for protect-
ing intrinsically safe circuits installed in tanks with flammable
liquids against lightning strikes]

In Germany, standards can be obtained from:

VDE VERLAG GMBH
Bismarckstr. 33

10625 Berlin

Germany

Phone: +49 30 34 80 01-0
Fax: +49 30 341 70 93

eMail: vertrieb@vde-verlag.de
Internet: www.vde-verlag.de

or: Beuth-Verlag GmbH
Burggrafenstr. 6
10787 Berlin
Germany
Phone: +49 30 2601-0
Fax: +49 30 2601-1260
Internet: www. beuth.de

3.2 Explanatory notes on the
IEC 62305-2 (EN 62305-2) standard:
Risk management

Risk management with foresight includes calculating the risks
for a company. It provides the basis for taking decisions on
how to limit these risks and it makes clear which risks should
be covered by insurance. However, it should be borne in mind
that insurance is not always a suitable means of achieving
certain aims (e.g. maintaining the ability to deliver). The prob-
abilities that certain risks will occur cannot be changed by in-
surance.

Manufacturing companies using extensive electronic installa-
tions or companies providing services (and nowadays this ap-
plies to most companies) must also give special consideration
to the risk presented by lightning strikes. It must be observed
that the damage caused by the non-availability of electronic
installations, production and services, and also the loss of data,

‘@‘ www.dehn-international.com

is often far greater than the physical damage to the hardware
of the installation affected.

The aim of a risk analysis is to objectify and quantify the risk
to structures and their contents as a result of direct and indi-
rect lightning strikes. This new way of thinking is embodied in
the international standard IEC 62305-2:2006 or the European
standard EN 62305-2:2006 which has been revised in 2010.
The risk analysis presented in IEC 62305-2 (EN 62305-2) en-
sures that it is possible to draw up a lightning protection con-
cept which is understood by all parties involved and which
meets optimum technical and economic requirements, which
means that the necessary protection can be ensured with as
little expenditure as possible. A detailed description of the
protection measures resulting from the risk analysis can be
found in Part 3 and 4 of the IEC 62305 (EN 62305) standard
series.

3.2.1 Sources of damage, types of damage
and types of loss
The actual sources of damage are lightning strikes that are

subdivided into four groups depending on the point of strike
(Table 3.2.1.1):

S1 Direct lightning strike to a structure;

S2 Lightning strike near a structure;

S3 Direct lightning strike to an incoming line;
S4 Lightning strike near an incoming line.

These sources of damage may result in different types of
damage which cause the loss. The standard specifies three
types of damage:

D1 Injury to living beings by electric shock as a result of
touch and step voltage;

D2 Fire, explosion, mechanical and chemical reactions
as a result of the physical effects of the lightning dis-
charge;

D3 Failure of electrical and electronic systems as a result
of surges.

Depending on the type of construction, use and substance
of the structure, the relevant loss can be very different.
IEC 62305-2 (EN 62305-2) specifies the following four types
of loss:

L1 Loss of human life (injury to or death of persons);
L2 Loss of service to the public;

L3 Loss of cultural heritage;

L4 Loss of economic value.
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| Pointofstike | _____Example | Typeofdamage | _Typeofloss

1

Structure D1 L1,14?
51 D2 L1,12,13 14
D3 L1812, L4
.
Near structure D3 11 12, 14
S2 2
coming line /\IL/\ D1 L1, L4b
539 D2 L1, 12,13, L4
D3 L1812, L4
|
Near incoming line D3 112 12, 14
S4 6
|
a For hospitals and other structures where failures of internal systems immediately endangers human life and structures with a risk of
explosion.
b For agricultural properties (loss of animals)
Table 3.2.1.1  Sources of damage, types of damage and types of loss depending on the point of strike

These types of loss can arise as a result of different types
of damage. The types of damage thus literally represent the
“cause” in a causal relationship, the type of loss the “effect”
(Table 3.2.1.1). The possible types of damage for one type of
loss can be manifold. It is therefore necessary to first define the
relevant types of loss for a structure before defining the types
of damage to be determined.

3.2.2 Fundamentals of risk analysis

According to IEC 62305-2 (EN 62305-2), the risk R that light-
ning damage occurs is the sum of all risk components R, rel-
evant to the particular type of loss. The individual risk compo-
nents R, are derived from the following equation:

R.T = N.’L' ’ PT 'L,’I?
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where

Ny is the number of dangerous events, i.e. the frequency
of lightning strikes causing damage in the area un-
der consideration (How many dangerous events occur
each year?);

Py is the probability of damage (What is the probability
that a dangerous event causes certain damage?);

Ly is the loss factor, i.e. the quantitative evaluation of
damage (What are the effects, amount of loss, extent
and consequences of a certain damage?).

Therefore, the function of a risk analysis is to determine the
three parameters Ny, P, and L, for all relevant risk components
Ry. A comparison of the risk R with a tolerable risk Ry provides
information on the requirements for and dimensioning of light-
ning protection measures.
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Urban and rural districts 1999-2011
Total number of flashes to earth per km? and year

| : I I

100 km

Figure 3.2.3.1 Flash density in Germany (average from 1999 to 2011) according to Supplement 1 of DIN EN 62305-2 Ed. 2:2013
(source: Blitz-Informations-Dienst by Siemens)
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The loss of economic value forms an exception. For this type of
loss, protection measures should be based on economic con-
siderations. If the data for this analysis are not available, the
representative value of tolerable risk Ry = 103 specified in the
IEC standard may be used.

In the EN standard, there is no tolerable risk Ry. Therefore, it is
advisable to perform a cost benefit analysis.

3.2.3 Frequency of dangerous events

The following frequencies of dangerous events can be relevant
for a structure:

Np Caused by direct lightning strikes to a structure;
Nm Caused by nearby lightning strikes with magnetic ef-

fects;
N, Caused by direct lightning strikes to incoming lines;
N Caused by lightning strikes near incoming lines.

A detailed calculation can be found in Annex A of IEC 62305-2
(EN 62305-2).

The average annual number N of dangerous events resulting
from lightning strikes influencing a structure to be protected
depends on the thunderstorm activity of the region where the
structure is located and on the structure’s physical character-
istics. To calculate the number N, the ground flash density Ng
should be multiplied by an equivalent collection area of the
structure, taking into account correction factors for the struc-
ture’s physical characteristics. The ground flash density N is
the number of lightning strikes per km? per year (e.g. Figure
3.2.3.1).

This value is available from ground flash location networks in
many areas of the world. If a map of Ng is not available, in
temperate regions it may be estimated by:

N, ~0.1-T,

where T is the thunderstorm days per year (which can be ob-
tained from isokeraunic maps).

Direct lightning strikes
For direct lightning strikes to the structure we have:

N,=N,-A, -C, -10°

Ay is the equivalent collection area of the isolated structure in
m? (Figure 3.2.3.2). C; is a location factor which considers
the influence of the surroundings (buildings, terrain, trees, etc.)
(Table 3.2.3.1).

The collection area for an isolated rectangular structure with a
length L, width W and height H on a plane surface is calculated
as follows:
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Ay=L-W+2:-3-H)-(L+W)+m-(3-H)

Nearby lightning strikes
For nearby lightning strikes with magnetic effects we have:

N, :NG'AM'lO_6

Ay is obtained from drawing a line around the structure at a
distance of 500 m (Figure 3.2.3.3). Lightning strikes to the
area Ay, magnetically induce surges in installation loops in the
structure.

Lightning strikes to lines
For direct lightning strikes to an incoming line we have:

N, =N,-A -C,-C,-C,-10°

where N, is the annual number of surges on the line section
with a maximum value of at least 1 kV.

C, is the installation factor of the line (Table 3.2.3.2) which
takes into account whether an overhead line or a buried cable
is used. If a medium-voltage line is installed in the area A, ra-
ther than a low-voltage line, the required transformer reduces
the surges at the entry point into the structure. In such cases,
this is taken into account by the line type factor C; (Table
3.2.3.3). C; is the environmental factor (Table 3.2.3.4) which
defines the “building density” near the line and thus the prob-
ability of a lightning strike.

For the collection area for direct lightning strikes to the line
(Figure 3.2.3.3) we have:

A =401,

where L is the length of the line section. If the length of the
line section is unknown, a worst case value of L, = 1000 m
should be assumed.

As a rule, lightning strikes within the area A, lead to a high-
level discharge which can cause fire, explosion or a mechanical
or chemical reaction in the relevant structure. Therefore, the
frequency N, does not only include surges resulting in faults on
or damage to the electrical and electronic systems, but also in
mechanical and thermal effects which arise in case of lightning
interference.

For lightning strikes near an incoming line with a maximum
value of at least 1 kV, which cause surges on this line, we have:

_ —6
N,=N,-4,-C,-C,-C,-10
where the same boundary conditions and correction factors

(Tables 3.2.3.2 to 3.2.3.4) apply as in case of direct light-
ning strikes.
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Figure 3.2.3.2 Equivalent collection area A, ~ Figure 3.2.3.3  Equivalent collection area Ay, A, A, for indirect lightning strikes to the structure

for direct lightning strikes to
an isolated structure

Relative location of the structure

Structure surrounded by higher objects
Structure surrounded by objects of the same height or smaller

Isolated structure: no other objects in the vicinity (within a distance of 3H)

Isolated structure on a hilltop or a knoll
Table 3.2.3.1  Location factor Cp

0.25
0.5
1
2

Routing | ¢

Overhead line
Buried

1
0.5

Buried cables running entirely within a meshed earth-termination system (see 5.2 of IEC 62305-4 (EN 62305-4)) 0.01

Table 3.2.3.2 Installation factor C,

Transformer

Low-voltage power, telecommunication or data line

High-voltage power line ( with high-voltage/low-voltage transformer)

Table 3.2.3.3  Line type factor C;

1
0.2

Rural

Suburban

Urban

Urban with tall buildings (higher than 20 m)

Table 3.2.3.4  Environmental factor C¢

‘@‘ www.dehn-international.com

1
0.5
0.1

0.01
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For the collection area for lightning strikes near a line we have
(Figure 3.2.3.3):

A, = 4000,

where L is the length of the line section. If the length of the
line section is unknown, a worst case value of L, = 1000 m
should be assumed.

If the line has more than one section, the values of N, and
N; must be calculated for each relevant line section. The sec-
tions between the structure and the first node must be consi-
dered (maximum distance from the structure must not exceed
1000 m).

If more than one line enters the structure on different paths,
each line must be calculated individually. However, if more than
one line enters the structure on the same path, only the line with
the most unfavourable properties must be calculated, in other
words the line with the maximum N, and N, values connected
to the internal systems with the lowest insulation strength
(telecommunication line opposite to power line, unshielded
line opposite to shielded line, low-voltage power line oppo-
site to high-voltage power line with high-voltage/low-voltage
transformer, etc.). If the collection areas of lines overlap, the
overlapped areas should only be considered once.

3.2.4 Probabilities of damage

The parameter "probability of damage” defines the probability
that a dangerous event causes certain damage. The probability
of damage may have a maximum value of 1 (meaning that
every dangerous event causes damage). There are the follow-
ing eight probabilities of damage:

In case of a direct lightning strike to a structure (S1):
Pa Injury to living beings by electric shock

Pg Physical damage (fire, explosion, mechanical and
chemical reactions)

Pc Failure of electrical / electronic systems

In case of a lightning strike to the ground near a structure
(S2):

Pm Failure of electrical / electronic systems

In case of a direct lightning strike to an incoming line (S3):

Py Injury to living beings by electric shock

Py Physical damage (fire, explosion, mechanical and
chemical reactions)

Pw Failure of electrical / electronic systems
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In case of a direct lightning strike to the ground near an incom-
ing line (S4):
P, Failure of electrical / electronic systems

A detailed description of these probabilities of damage can
be found in Annex B of IEC 62305-2 (EN 62305-2). The prob-
abilities of damage can be either selected from tables or they
result from a combination of different influencing factors.
In this context, it must be observed that, as a general rule,
other deviating values are possible if they are based on de-
tailed examinations or assessments. In the following, a short
overview of the individual probabilities of damage is given.
More detailed information can be found in IEC 62305-2
(EN 62305-2).

Probabilities of damage in case of direct lightning
strikes

The values of the probability of damage P, that living beings
are injured by electric shock due to touch and step voltage
caused by a direct lightning strike to the structure depend on
the type of lightning protection system and additional protec-
tion measures:

P =P P

A TA B

P1a describes the typical protection measures against touch
and step voltages (Table 3.2.4.1). Py depends on the class of
LPS as per IEC 62305-3 (EN 62305-3) (Table 3.2.4.2).
If more than one protection measure is taken, the value of Py,
is the product of the corresponding values. Moreover, it must
be observed that the protection measures to reduce P, are only
effective in structures which are protected by a lightning pro-
tection system (LPS) or which consist of a continuous metal or
reinforced concrete framework acting as a natural LPS provided
that equipotential bonding and earthing requirements as per
IEC 62305-3 (EN 62305-3) are fulfilled. Chapter 5 provides
more detailed information on protection measures.
The probability of physical damage Py (fire, explosion, me-
chanical or chemical reactions inside or outside a structure as
a result of a direct lightning strike) can be selected from Table
3.24.2.
The probability Pc that a direct lightning strike to a structure
will cause failure of internal systems depends on the coordi-
nated SPDs installed:

P =P

SPD 'CLD

Pspp depends on the coordinated SPD system according to
IEC 62305-4 (EN 62305-4) and on the lightning protection
level (LPL) for which the SPDs are dimensioned. The values
of Pspp are given in Table 3.2.4.3. A coordinated SPD sys-
tem only reduces P if the structure is protected by an LPS or
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if the structure consists of a continuous metal or reinforced
concrete framework acting as a natural LPS provided that
the equipotential bonding and earthing requirements as per
IEC 62305-3 (EN 62305-3) are observed. The values of Pspp may
be reduced if the selected SPDs have better protection charac-
teristics (higher current carrying capability Iy, lower voltage
protection level Up, etc.) than required for lightning protection
level | at the relevant places of installation (see Table A.3 of
IEC 62305-1 (EN 62305-1) for information on the current car-
rying capabilities, Annex E of IEC 62305-1 (EN 62305-1) and
Annex D of IEC 62305-4 (EN 62305-4) for lightning current

distribution). The same annexes can also be used for SPDs with
higher probabilities of Pgpp.

The factor C,p considers the shielding, earthing and insulation
conditions of the line connected to the internal system. The
values of Cp are given in Table 3.2.4.4.

Probabilities of damage in case of nearby lightning
strikes

The probability Py, that a lightning strike near a structure will
cause failure of internal systems in the structure depends on
the protection measures taken for the electrical and electronic

Additional protection measures Pra

No protection measures

1

Warning notices 10"
Electrical insulation (e.g. at least 3 mm cross-linked polyethylene) of exposed parts (e.g. down conductors) 102
Effective potential control in the ground 102
Physical restrictions or building framework used as down conductor 0

Table 3.2.4.1
and step voltages

Values of probability Pra that a lightning strike to a structure will cause electric shock to living beings due to dangerous touch

Properties of the structure | Classofts | P |

Structure is not protected by an LPS

Structure is protected by an LPS

Structure with an air-termination system conforming to class of LPS | and a continuous metal (or reinforced con-

crete) framework acting as a natural down-conductor system

= 1
\% 0.2
M 0.1
Il 0.05
I 0.02

0.01

Structure with a metal roof and an air-termination system, possibly including natural components, with complete

protection of any roof installations against direct lightning strikes and a continuous metal (or reinforced concrete

framework) acting as a natural down-conductor system

0.001

Table 3.2.4.2  Probability of damage Py describing the protection measures against physical damage

No coordinated SPD system
n-1v

Il

I

Surge protective devices with better protection characteristics than required for LPL |

1
0.05
0.02
0.01

0.005-0.001

(higher lightning current carrying capability, lower voltage protection level, etc.)

Table 3.2.4.3  Probability of damage Pspp describing the protection measure “coordinated surge protection” depending on the lightning

protection level (LPL)
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Type of external line Connection at entrance mn

Unshielded overhead line
Unshielded buried line

Power line with multi-grounded neutral conductor

Shielded buried line (power or telecommunication line)
Shielded overhead line (power or telecommunication line)
Shielded buried line (power or telecommunication line)

Shielded overhead line (power or telecommunication line)

Lightning protection cable or wiring in lightning
protection cable ducts, metallic conduit or metallic tubes

(No external line)

Any type

Undefined
Undefined 1
None 0.2
Shields not bonded to the same equipotential

. : 0.3
bonding bar as equipment
Shields not bonded to the same equipotential 04
bonding bar as equipment ’
Shields bonded to the same equipotential 0
bonding bar as equipment
Shields bonded to the same equipotential 0
bonding bar as equipment
Shields bonded to the same equipotential 0
bonding bar as equipment
No connection to external lines

0

(stand-alone systems)
Isolating interfaces 0

acc. to IEC 62305-4 (EN 62305-4)

Table 3.2.4.4  Values of factors C and C;; depending on shielding, earthing and insulation conditions

installations (SPM). A grid-like lightning protection system,
shielding measures, installation principles for the cables, an
increased rated impulse withstand voltage, isolating interfaces
and coordinated SPD systems are suitable protection measures
to reduce Py. The probability Py, is calculated as follows:
Py = Popp - Pyys

Pspp can be selected from Table 3.2.4.3 provided that a
coordinated SPD system which meets the requirements of
IEC 62305-4 (EN 62305-4) is installed. The values of the factor
Puis are determined as follows:

P, = (K, K, K, K,

MS

where

Kss is the shielding effectiveness of the structure, LPS or
other shields at the boundaries LPZ 0/1;

Ks; is the shielding effectiveness of internal shields of the

structure at the boundaries LPZ X/Y (X > 0,Y > 1);

Ks3 stands for the properties of the internal cabling (Table
3.2.4.5);

Ksa is the rated impulse withstand voltage of the system
to be protected.

If equipment with isolating interfaces consisting of insulation
transformers with an earth shield between the windings, opti-
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cal fibre cables or optocouplers is used, it can be assumed that

PMS = 0

The factors Ks; and Ks;, for LPS or grid-like spatial shields can
be assessed as follows:

K, =012-w

ml

K,=012-w
where Wy, (m) and w,,; (m) are the mesh sizes of the grid-
like spatial shields or the mesh sizes of the meshed down con-
ductors of the LPS or the distance between the metal rods of
the structure or the distance between the reinforced concrete
structure acting as a natural LPS.

The factor Ks, is calculated as follows:

1
KS4 = U—

w
where Uy, is the rated impulse withstand voltage of the sys-
tem to be protected in kV. The maximum value of Kg, is 1. If
equipment with different impulse withstand voltage values is
installed in an internal system, the factor K, must be selected
according to the lowest value of the impulse withstand voltage.
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Type of internal wiring m

Unshielded cable — no routing precaution in order to avoid loops (loops formed by conductors with different rout-
ing in large buildings, meaning a loop surface of about 50 m?)

1

Unshielded cable — routing precaution in order to avoid large loops (loops formed by conductors routed in the
same installation tube or loops formed by conductors with different installation paths in small buildings, meaning 0.2

a loop surface of about 10 m?)

Unshielded cable — routing precaution in order to avoid loops (loops formed by conductors routed in the same

cable, meaning a loop surface of about 0.5 m?)

Shielded cables and cables running in metal conduits (the cable shields and metal conduits are connected to the

0.01

0.0001

equipotential bonding bar on both ends and equipment is connected to the same bonding bar)

Table 3.2.4.5 Value of the factor Ks3 depending on internal wiring

Probabilities of damage in case of direct lightning
strikes to lines

The values of the probability Py that human beings in the
structure will be injured by touch voltages resulting from a di-
rect lightning strike to a line entering the structure depend on
the shielding properties of the line, impulse withstand voltage
of the internal systems connected to the line, protection meas-
ures (physical restrictions or warning notices) and isolating in-
terfaces or SPDs at the entry point into the structure according
to IEC 62305-3 (EN 62305-3):

PU:PTU'PEB'PLD'CLD

Pry describes the protection measures against touch volt-
ages such as physical restrictions and warning notices (Table
3.2.4.6). If more than one protection measure is taken, the
value of Pyy is the product of the relevant values.

Peg is the probability which depends on the lightning equipo-
tential bonding as per IEC 62305-3 (EN 62305-3) and the light-
ning protection level (LPL) for which the SPDs are dimensioned
(Table 3.2.4.7). The values of Pz may also be reduced if the
selected SPDs have better protection characteristics (higher
current carrying capability Iy, lower voltage protection level
Up, etc.) than required for LPL | at the relevant places of in-
stallation. A coordinated SPD system according to IEC 62305-4
(EN 62305-4) is not required to reduce Py; SPDs as per
IEC 62305-3 (EN 62305-3) are sufficient.

P.p is the probability that internal systems will fail as a result of
a lightning strike to a connected line depending on the proper-
ties of the line (Table 3.2.4.8). The factor C,j, which considers
the shielding, earthing and insulation conditions of the line,
can be selected from Table 3.2.4.4.

The values of probability Py that physical damage will occur
due to a lightning strike to a line entering the structure also de-
pend on the shielding properties of the line, impulse withstand
voltage of the internal systems connected to the line and the
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isolating interfaces or SPDs at the entry point into the structure
as per [EC 62305-3 (EN 62305-3) (also in this case a coor-
dinated SPD system according to IEC 62305-4 (EN 62305-4)
is not required):

PV :PEB'PLD'CLD

The values of probability Py, that a lightning strike to a line
entering a structure will cause failure of internal sys-
tems depend on the shielding properties of the line, impulse

Protection measure Pry

No protection measure 1
Warning notices 107
Electrical insulation 102
Physical restrictions 0

Table 3.2.4.6  Values of probability Py, that a flash to an entering
line will cause electric shock to living beings due to
dangerous touch voltages

No SPD 1

n-1v 0.05
Il 0.02
| 0.01

Surge protective devices with better protection
characteristics than required for LPL I (higher
lightning current carrying capability, lower volt-
age protection level, etc.)

Table 3.2.4.7

0.005-
0.001

Probability of damage Pgg describing the protection
measure “lightning equipotential bonding” depend-
ing on lightning protection level (LPL)
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Routing, shielding and equipotential bonding

Impulse withstand voltage Uy, in kV

1 1.5 2.5 4 6
Overhead or buried line, unshielded or shielded, whose shield is not 1 1 1 1 1
Power or  bonded to the same equipotential bonding bar as the equipment
telecom-
munication  Shielded overhead or buried line whose 5Q/km <RS <20 Qkm 1 L 095 09 08
Trojes shield is bonded to the same equipo- 1 Q/km < RS <5 Q/km 0.9 0.8 0.6 0.3 0.1
tential bonding bar as the equipment RS < 1 Q/km 06 04 0.2 004 002

Table 3.2.4.8  Values of the probability P, depending on the resistance of the cable shield Rs and the impulse withstand voltage Uy of the

equipment

withstand voltage of the internal systems connected to the
line and the isolating interfaces or SPDs as per IEC 62305-4
(EN 62305-4) (in this case, a coordinated SPD system is re-
quired):

P, =P

SPD 'PLD 'CLD
The values of Pgg, Pspp, Pp and Cjp can be selected from
Tables 3.2.4.3,3.2.4.4, 3.2.4.7 and 3.2.4.8.

Probabilities of damage in case of indirect lightning
strikes to lines

The line is not directly hit; the point of strike is near the line. In
this process, it can be excluded that high-level partial lightning
currents are injected into the line. Nevertheless, voltages can
be magnetically induced on the line.

The values of probability P, that lightning strikes near a line
entering a structure will cause failure of internal systems de-
pend on the shielding properties of the line, impulse withstand
voltage of the internal systems connected to the line and the
isolating interfaces or SPDs as per IEC 62305-4 (EN 62305-4):
P, =Fyp,- P, -Cy

Pspp can be selected from Table 3.2.4.3. P, is the probabil-
ity of failure of internal systems due to a lightning strike near
a connected line and depends on the properties of the line
(Table 3.2.4.9). The factor C;; (Table 3.2.4.4) considers the
shielding, earthing and insulating properties of the line.

3.2.5 Loss

If a certain damage occurs in a structure, the consequences
of this damage must be assessed. A fault on or damage to
an information technology system, for example, can have dif-
ferent consequences. If no business-specific data is lost, only
hardware damage of some thousand euros may occur. If, how-
ever, the entire business activities of a company depend on
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the permanent availability of the information technology sys-
tem (call centre, bank, automation technology), a significantly
higher consequential damage occurs in addition to the hard-
ware damage (e.g. customer dissatisfaction, loss of customers,
loss of business, production downtime). The loss L (this term
used in IEC 62305-2 (EN 62305-2) is an unfortunate choice;
damage factor or loss value would be more appropriate) al-
lows to assess the consequences of damage. In this context,
losses are subdivided according to the types of damage (D1
to D3):

L Loss due to injuries caused by electric shock resulting
from touch and step voltages (D1);

Lt Loss due to physical damage (D2);

L, Loss due to the failure of electrical and electronic sys-
tems (D3).

Depending on the type of loss L1 to L4, the extent, costs
and consequences of damage are assessed. Annex C of the
IEC 62305-2 (EN 62305-2) standard includes the calculation
bases for the loss of the four types of loss. In the next sections,
this loss will be shortly described after the reduction and in-
crease factors and the parameters and equations for the differ-
ent zones of a structure will be defined. However, all structures
can also be described by a single zone, meaning that the entire
structure consists of one zone.

Reduction and increase factors
In addition to the actual loss factors, Annex C includes three
reduction factors and one increase factor:

Impulse withstand voltage
Uy in kV

1 15 25 4 6
Power lines 1 06 03 016 0.1
0.08 0.04

Table 3.2.4.9  Values of the probability P, depending on the line
type and the impulse withstand voltage Uy, of the
equipment

Line type

Telecommunication lines 1 0.5 0.2
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Type of surface Contact
» resistance kQ?

Agricultural, concrete <1 1072
Marble, ceramic 1-10 107
Gravel, moquette, carpets 10-100 10
Asphalt, linoleum, wood =100 10°

2 Values measured between a 400 cm? electrode compressed
with a force of 500 N and a point of infinity.

Table 3.2.5.1  Values of the reduction factor r; depending on the

type of surface of the ground or floor

No measures 1

One of the following measures: fire extinguishers,
fixed manually operated fire extinguishing instal-
lations, manual alarm installations, hydrants, fire

compartments, escape routes

One of the following measures: fixed automati-
cally operated fire extinguishing installations, 0.2
automatic alarm installations

Table 3.2.5.2  Values of the reduction factor r, depending on the
measures taken to reduce the consequences of fire

I Factor reducing the effects of touch and step voltages
depending on the type of ground outside the structure
or type of floor inside the structure (Table 3.2.5.1);

A Factor reducing the measures taken to reduce the con-
sequences of fire (Table 3.2.5.2);

It Factor reducing the risk of fire and explosion of the
structure (Table 3.2.5.3);

h, Factor increasing the relative value in case of loss
of human life (L1) due to the level of panic (Table
3.2.5.4).

Loss of human life (L1)

Loss must be determined for each risk component relevant to
the structure. Moreover, the structure can be subdivided into
several zones so that the losses must be assigned to the indi-
vidual zones.

Thus, the loss value depends on the properties of the zone
which are defined by increase factors (h,) and reduction fac-
tors (ry, 1y, r)). In other words, the loss value depends on the
relation between the number of persons in the zone (n,) and
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Risk | Type of risk L

Zone 0, 20 and solid explosives 1

Explosion Zone 1, 21 107
Zone 2, 22 103
High 107

Fire Ordinary 102
Low 103

Explosion or fire  None 0

Table 3.2.5.3  Values of the reduction factor r; depending on the
risk of fire of a structure

Type of special risk “

No special risk 1

Low risk of panic (e.g. structures limited to two )

floors with up to 100 persons)

Average level of panic (e.g. structures for cultural 5
and sport events with 100 to 1000 visitors)

Difficulty of evacuation (e.g. structures with 5

immobile persons, hospitals)

High risk of panic (e.g. structures for cultural and 10

sport events with more than 1000 visitors)

Table 3.2.5.4  Values of the factor h, which increases the relative
value of a loss for type of loss L1 (loss of human life)
in case of a special risk

the total number of persons in the structure (n,) and between
the time in hours per year during which persons stay in the
zone (t,) and the 8760 hours per year. Thus, there are up to
eight loss values:

L =L =L =1 =20 "2, . "
’ n 8760

where

Ly is the typical mean percentage of victims injured by
electric shock (D1) due to a dangerous event;

LIGHTNING PROTECTION GUIDE 41



L is the typical mean percentage of victims injured by
physical damage (D2) due to a dangerous event;

Lo is the typical mean percentage of victims injured by
failure of internal systems (D3) due to a dangerous
event;

Iy is a factor reducing the loss of human life depending

on the type of ground or floor;

o is a factor reducing the loss due to physical damage
depending on the measures taken to reduce the con-
sequences of fire;

It is a factor reducing the loss due to physical damage
depending on the risk of fire or explosion of the struc-
ture;

h, is a factor increasing the loss due to physical damage
when a special hazard is present;

n, is the number of persons in the zone;

n is the total number of persons in the structure;

t, is the time in hours per year during which persons stay
in the zone.

IEC 62305-2 (EN 62305-2) specifies typical mean values for
Ly, Lr and Lg for roughly classified structures (Table 3.2.5.5).
These values can be modified and adapted for specific struc-
tures provided that the number of possibly affected persons,
their independent mobility and their exposition to lightning
effects are considered. For the values stated in Table 3.2.5.5,
it is assumed that persons permanently stay in the structure.
A detailed assessment of L; and Ly may be required for struc-
tures with a risk of explosion. In this context, the type of struc-
ture, risk of explosion, division into explosion protection zones
and measures to reduce the risk must be observed.

If the risk for persons resulting from a direct lightning strike to
a structure also affects surrounding structures or the environ-
ment (e.g. in case of chemical or radioactive emissions), the

additional loss of human life due to physical damage (Lg; and
Lyg) should be taken into account when assessing the total loss
(Lgr and Lyy):

Ly, =L, + Ly,
LVT = LV + LVE

L -t

Lyp = Ly = 8F;606

Lee Loss due to physical damage outside the structure;

te Time during which person stay in dangerous places
outside the structure.

If the time t, is unknown, t,/8760 = 1 is to be assumed. L

should be provided by the body preparing the explosion pro-

tection documents.

Unacceptable loss of service to the public

Loss of service to the public is defined by the properties of the
structure or its zones. These properties are described by means
of reduction factors (r,, ry). Moreover, the relation between the
number of served users in the zone (n,) and the total number
of served users in the structure (n,) is important. There are up
to six loss values:

_ o Leny,

L,=L,=L, =1L _ 0"z

L is the typical mean percentage of unserved users due
to physical damage (D2) in case of a dangerous event;

Lo is the typical mean percentage of unserved users due
to failure of internal systems (D3) in case of a danger-
ous event;

Type of damage Typical loss value Type of structure

D1: Injuries Ly 107
107
107"

5-102

2-107
102
107
D3: Failure of internal systems Lo 1072

103

Table 3.2.5.5  Type of loss L1: Typical mean values for Ly, L and Ly

D2: Physical damage L
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All types
Risk of explosion

Hospital, hotel, school, public building

Building with entertainment facility, church, museum
Industrial structure, economically used plant

Others

Risk of explosion

Intensive care unit and operating section of a hospital

Other areas of a hospital
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b is a factor reducing the loss due to physical damage
depending on the measures taken to reduce the con-
sequences of fire;

I is a factor reducing the loss due to physical damage
depending on the risk of fire or explosion of the struc-
ture;

n, is the number of served users in the zone;

n is the total number of served users in the structure.

IEC 62305-2 (EN 62305-2) specifies typical mean values for L
and L, depending on the type of service (Table 3.2.5.6). These
values also provide information on the significance of the type
of service to the public. If required, they can be modified and
adapted for specific structures provided that the exposition to
lightning effects and deviating significances are considered.

Loss of cultural heritage (L3)

Loss of cultural heritage is defined by the properties of the
structure or its zones. These properties are described by means
of reduction factors (r,, r;). Moreover, the relation between the
value of the zone (c,) and the total value (building and con-
tent) of the entire structure (c,) is important. There are two
loss values:

r-r-L -c
p f F 7
ZB_ ZV_—

¢

L is the typical mean percentage of the value of all
goods damaged by physical damage (D2) in case of a
dangerous event;

o is a factor reducing the loss due to physical damage
depending on the measures taken to reduce the con-
sequences of fire;

Iy is a factor reducing the loss due to physical damage de-
pending on the risk of fire or explosion of the structure;

G is the value of the cultural heritage in the zone;

G is the total value of the building and content of the

structure (sum of all zones).

IEC 62305-2 (EN 62305-2) specifies a typical mean value for
L; (Table 3.2.5.7). This value can be modified and adapted
for specific structures provided that the exposition to lightning
effects is considered.

Loss of economic value

Loss of economic value is also defined by the properties of the
zone which are described by means of reduction factors (r, r,, ry).
Moreover, the relation between the decisive value in the zone
and the total value (c,) of the entire structure is required to
assess the damage in a zone.

The total value of a structure may include animals, buildings,
contents and internal systems including their activities. The de-
cisive value depends on the type of damage (Table 3.2.5.8).
Thus, there are up to eight loss values:

Type of damage Typical loss value Type of service

107
D2: Physical damage L
Y. 9 F 102
: : 102
D3: Failure of internal systems Lo 103

Table 3.2.5.6  Type of loss L2: Typical mean values for Ly and Ly

Gas, water, power supply
TV, telecommunication
Gas, water, power supply

TV, telecommunication

Type of damage Typical loss value Type of service

D2: Physical damage Ly 107"
Table 3.2.5.7  Type of loss L3: Typical mean values for L;

Museum, gallery

Type of damage | Meaning ________[value ____[Meaning |

Injury of animals due to

D1 electric shock G
D2 Physical damage
D3 Failure of internal systems e

G+ +C+C

Value of animals

Value of all goods
Value of internal systems and their activities

Table 3.2.5.8  Type of loss L4: Relevant values depending on the type of loss
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L,=1L,
Cc
t
L -c
— — — 0 s
LC_LM_LW_LZ_
c
t
Ly is the typical mean percentage of the economic value

of all goods damaged by electric shock (D1) in case of
a dangerous event;

L is the typical mean percentage of the economic value
of all goods damaged by physical damage (D2) in case
of a dangerous event;

Lo is the typical mean percentage of the economic value
of all goods damaged by failure of internal systems
(D3) in case of a dangerous event;

Iy is a factor reducing the loss of animals depending on
the type of ground or floor;

T is a factor reducing the loss due to physical damage
depending on the measures taken to reduce the con-
sequences of fire;

It is a factor reducing the loss due to physical damage
depending on the risk of fire or explosion of the struc-
ture;

[ is the value of the animals in the zone;

(o8 is the value of the building related to the zone;

C is the value of the content in the zone;

G is the value of the internal systems in the zone includ-
ing their activities;

G is the total value of the structure (sum of all zones
for animals, buildings, contents and internal systems
including their activities).

IEC 62305-2 (EN 62305-2) specifies typical mean values for Ly,
Lr and Ly depending on the type of structure (Table 3.2.5.9).
These values can be modified and adapted for specific struc-
tures provided that the exposition to lightning effects and the
probability of damage are considered.

Section 3.2.5 only defines the loss values. The further proce-
dure for examining whether protection measures make eco-
nomic sense is discussed in section 3.2.9.

If the loss of economic value of a structure resulting from a
lightning strike also affects surrounding structures or the envi-
ronment (e.g. in case of chemical or radioactive emissions), the
additional loss due to physical damage (Lg¢ and Lyg) should be
taken into account when assessing the total loss (Lg; and Lyy):

LBT = LB + LBE
L,=L,+L,

L. -c

Lyy = Ly = FEC? -

t
Lee Loss due to physical damage outside the structure;

Ce Total value of goods at dangerous locations outside
the structure.

Type of damage Typical loss value Type of structure

D1: Injuries due to electric shock Ly
D2: Physical damage L
D3: Failure of internal systems Lo

Table 3.2.5.9  Type of loss L4: Typical mean values for Ly, L and Lo
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107 All types
1 Risk of explosion
05 Hospital, industrial structure, museum, agriculturally
’ used plant
0.2 Hotel, school, office building, church, building with
’ entertainment facility, economically used plant
0.1 Others
107 Risk of explosion
102 Hospital, industrial structure, office building, hotel,
economically used plant
10° Museum, economically used plant, school, church,
building with entertainment facility
10+ Others
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Source of damage S1
Lightning strike
to a structure

S2 S3 S4
Lightning strike
near a structure

Lightning strike to an
incoming line

Lightning strike
near an

Type of damage

D1: Injury of living beings due

; R, =N, -P, L
to electric shock AT A

D2: Physical damage R,=N,-P,-L,

D3: Failure of electrical and
electronic systems

I, = IR, AF 1, 4= IFy,

RC:ND'PH'LC R :N,r'

incoming line
115, = (8, == ot oIty
R, =(N,+N,)-F, L,

RWZ(NL+NDJ).IDW'LW R,=N,-P L,

R =R,+R, +R, +R,+R,

Note: For risk components Ry, Ry and Ry, not only the frequency of direct lightning strikes to the line N, are important, but also the frequency
of direct lightning strikes to the connected structure Np, (see Figure 3.2.3.3)

Table 3.2.6.1

Lge should be provided by the body preparing the explosion
protection documents.

3.2.6 Relevant risk components for different
types of lightning strikes

There is a close correlation between the type of damage, the
type of loss and the resulting relevant risk components. De-
pending on the sources of damage S1 to S4 (or on the point
of strike), there are the following risk components (Table
3.2.6.1):

In case of a direct lightning strike to a structure (S1):

Ra Risk of injury to living beings caused by electric shock;
Rg Risk of physical damage;

R¢ Risk of failure of electrical and electronic systems.

In case of a lightning strike to the ground near a structure (S2):
Rm Risk of failure of electrical and electronic systems

In case of a direct lightning strike to an incoming line (S3):

Ry Risk of injury to living beings caused by electric shock;
Rv Risk of physical damage;

Rw Risk of failure of electrical and electronic systems

In case of a lightning strike to the ground near an incoming
line (54):

R; Risk of failure of electrical and electronic systems.

The eight risk components can also be defined according to
the point of strike:
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Risk components for different points of strike (sources of damage) and types of damage

Type of loss R; (1/year)

L1: Loss of human life or permanent injury 10°
L2: Loss of service to the public 103
L3: Loss of cultural heritage 10

L4: Loss of economic value (only IEC 62305-2) 103

Table 3.2.7.1  Typical values for the tolerable risk Ry

Ry Risk due to a direct lightning strike to a structure (S1);

Ri Risk due to all indirect lightning strikes related to a
structure (S2 to S4);

3.2.7 Tolerable risk of lightning damage

When selecting lightning protection measures, it must be ex-
amined whether the risk R determined for the relevant types
of loss exceeds a tolerable value Ry. For a structure which is
sufficiently protected against the effects of a lightning strike
we have:

R<R,

Table 3.2.7.1 shows the values of R; listed in IEC 62305-2
(EN 62305-2) for these three types of loss.

3.2.8 Selection of lightning protection
measures

Lightning protection measures are supposed to limit the risk R

to values below the tolerable risk Ry. By using a detailed calcu-

lation of the risks for the relevant types of loss and by classify-

ing them into the individual risk components Ra, Rg, Re, Ry,
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Identify the structure to be protected

v

Identify the types of loss relevant to the structure

v

For each type of loss, identify and calculate
the risk components Ry, Rg, R¢, Ry, Ry, Ry, Rw., Rz

No Structure

—>
R>Rr protected
Yes +
r Protection needed
Is LPS Yes Are SPM
installed? installed?
No ¢ No Yes
Ry +Rg-+Ry+Ry>Ry No
Yes
] I—V v
Celtarks Install an Install Install other
new values .
of risk adequate adequate protection
LPS SPM measures
components
Figure 3.2.8.1 Flow diagram for determining the need of protection

and for selecting protection measures in case of types
of loss L1 to L3

Ru. Ry, Ry and Ry, it is possible to specifically select lightning
protection measures for a particular structure. The flow chart
in IEC 62305-2 (EN 62305-2) (Figure 3.2.8.1) illustrates the
procedure. If it is assumed that the calculated risk R exceeds
the tolerable risk Ry, it must be examined whether the risk of
electric shock and physical damage caused by a direct light-
ning strike to the structure and the incoming lines (R, + Rg +
Ry + Ry) exceeds the tolerable risk Ry. If this is the case, an ad-
equate lightning protection system (external and/or internal
lightning protection) must be installed. If Ry + Rg + Ry + Ry is
sufficiently small, it must be examined whether the risk due to
the lightning electromagnetic pulse (LEMP) can be sufficiently
reduced by additional protection measures (SPM).

If the procedure according to the flow diagram is observed,
protection measures which reduce such risk components
with relatively high values can be selected, namely protection
measures with a comparatively high effectiveness in the exam-
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ined case. Table 3.2.8.1 gives an overview of typical lightning
and surge protection measures and their impact on the risk
components.

3.2.9 Loss of economic value/Profitability of
protection measures

In addition to the types of loss of public interest L1 to L3, the
type of loss L4 (loss of economic value) is relevant for many
structures. It has to be compared whether the protection meas-
ures make economic sense, namely if they are profitable.

Thus, the standard of comparison is not an absolute parameter
like the specified tolerable risk Ry, but a relative parameter:
Different states of protection of the structure are compared
and the optimum state of protection (costs of damage result-
ing from lightning strikes are as low as possible) is implement-
ed. Several possibilities can and should be examined. The flow
chart according to IEC 62305-2 (EN 62305-2) (Figure 3.2.9.1)
shows the basic procedure.

The costs of the total loss C, in the structure are calculated by
the sum of the loss in the individual zones C,;:

CLZ =R, -c
where
R4z is the risk related to the loss of value in the zone with-
out protection measures;
G is the total value of the structure (animals, building,

contents and internal systems including their activities
in currency) (see section 3.2.5).

If protection measures are taken, the loss is reduced. However,
it is never reduced to zero since there is a residual risk. The
costs Cg, for the total residual loss in the structure in spite of
protection measures are calculated by the sum of the remain-
ing loss in the individual zones Cgy:

_ po.
CRLZ =R 47 Ct
where

R'yz s the risk related to loss of value in the zone with
protection measures.

In case of a single zone, the following applies:
C,=C,, o Cr, = Chruz

The annual costs Cpy for protection measures can be calcu-
lated by means of the following equation:

C,, =C,-(i+a+m)
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Properties of the structure or internal systems —
Protection measures

Physical restrictions, insulation, warning notice, potential control
on the ground

Lightning protection system (LPS)

Surge protective device for lightning equipotential bonding
Isolating interfaces

Coordinated SPD system

Spatial shielding

Shielding of external lines

Shielding of internal lines

Routing precautions

Equipotential bonding network

2@ Only for grid-like external LPS
b Due to equipotential bonding
¢ Only if they belong to equipment to be protected

. ° . e ob ob
(] L] L] L]
o€ o€ ° ° ° °
L] L] L] L]
. .
(] L] L] L]
. .
L] L]

Table 3.2.8.1  Lightning and surge protection measures and their influences on the individual risk components

where

(@ stands for the costs of protection measures;

i is the interest rate (for financing the protection meas-
ures);

a is the amortisation rate (calculated by the service life

of the protection measures);

m is the maintenance rate (also includes inspection and
maintenance costs).

Thus, the procedure assumes that costs can be (roughly) esti-
mated before actually planning lightning and surge protection
measures. (General) information on interest rates, amortisa-
tion of protection measures and planning, maintenance and
repair costs must also be available. Protection makes economic
sense if the annual saving Sy, is positive:

SM = CL - (CPM + CRL)

Depending on the size, construction, complexity and use of the
structure and the internal systems, different protection meas-
ures can be taken. Thus, there are several possibilities to pro-
tect the structure. The profitability of protection measures can
therefore be further examined even if an economically sound
solution has already been found since there might be an even
better solution. Consequently, an economically optimal solu-
tion can and should be achieved.

For examining the profitability of protection measures as de-
scribed in this chapter, possible damage, namely the loss in

‘@‘ www.dehn-international.com

Define the value of the:

— Structure and the associated
activities

— Internal systems

v

Calculate all risk components Ry
relevant to R,

v

Calculate the annual costs of the
total loss C; and the costs of the
remaining loss Cy, if protection
measures are taken

v

Calculate the annual costs of the
protection measures Cpy

v
Yes

CPM ar CRL > CL —>

oy

Protection measures
make economic sense

Protection measures
do not make
economic sense

Figure 3.2.9.1 Flow diagram for selecting protection measures in

case of loss of economic value
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case of lightning effects, must be assessed. To this end, the
values of risk R, which are determined according to section
3.2.5, are required. For this purpose, the values of the structure
¢, of the content c., of the internal systems (including their
failure) ¢; and of animals c;, if any, must be known and divided
in zones. These values are typically provided by the planner of
the protection measures and/or by the owner of the structure.
In many cases, these values are not available or it is difficult to
obtain these values (e.g. the owner does not want to provide
these values). In case of industrial structures or administra-
tion buildings with sensitive production or work processes,
the transparency required for the reasonable implementation
of the risk management stands in contrast to the necessity of
confidentiality of sensitive economic data. In other cases, the
acquisition of these data is too complex.

EN 62305-2 includes a simplified procedure to implement the
risk management for the type of loss L4 in cases where it is dif-
ficult to assess possible damage sums resulting from lightning
effects.

The total value ¢; of the structure is determined according to
Table 3.2.9.1 based on the volume of the structure (in case
of non-industrial structures) and the number of full-time jobs
(in case of industrial structures). The values in percent speci-
fied in Table 3.2.9.2 are used to assign this total value to the
individual categories (animals: c,, buildings: ¢, contents: c,
internal systems: c,). For these values, it must be observed that
the possible malfunction of electrical and electronic systems
(internal systems) and the resulting follow-up costs are only
included in the values for industrial structures, but not in the
values for non-industrial structures.

If the structure is divided into several zones, the relevant val-
ues C,, G, Cc and ¢ can be subdivided according to the share
of the volume of the relevant zone in the total volume (in case
of non-industrial structures) or the share of the jobs in the rel-
evant zone in the total number of jobs (in case of industrial
structures).

Thus, the simplified procedure according to EN 62305-2 fol-
lows the only reasonable procedure for examining the profit-
ability of protection measures, namely a comparison based on
exclusively economic data. Only the total value of the structure
(c)) and the values ¢,, ¢, ¢, ¢ are determined according to a
simplified method. However, if exact data is available for the
stated values, these values should be used.

In addition to type of loss L4, one or more other types of loss
L1 to L3 are typically relevant to a structure. In these cases,
the procedure described in 3.2.8 must be used first, in other
words it must be examined whether protection measures are
required and the risk R must be smaller than the tolerable risk
Ry for the types of loss L1 to L3. If this is the case, the prof-
itability of the planned protection measures is examined ac-
cording to Figure 3.2.9.1 in a second step. Also in this case,
several protection measures are possible and the economically
optimum measure should be taken provided that the following
applies to all relevant types of loss of public interest L1 to L3:

R<R,

A lightning protection system according to IEC 62305-3
(EN 62305-3) often sufficiently ensures that persons in the
structure are protected (type of loss L1). In case of an office
and administration building or an industrial structure, types of

Type of structure Total value of ¢

Non-industrial structures . .
possible malfunction)

Total value of the structure including buildings,
installations and contents (includes possible

Industrial structures
malfunction)

Table 3.2.9.1  Values for assessing the total value ¢, (EN 62305-2)

Portion for the

Portion for

Total reconstruction costs (do not include

Portion for the

Low 300
ondray | SPTOTE g
High 500
Low 100
Ordinary flt< E/eAr:)mployee 300
High 500

Portion for Total for all

Condition animals building
Calc, ¢l c

Without animals 0 75 %

With animals 10 % 70 %

Table 3.2.9.2  Portions to assess the values c,, ¢, C., ¢; (EN 62305-2)
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content internal systems goods
c /¢ c/c (ca+Cp+Ccc+c5)/ ¢
10 % 15 % 100 %
5% 15 % 100 %
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loss L2 and L3 are not relevant. Consequently, other protection
measures (e.g. surge protection) can only be justified by exam-
ining their profitability. In these cases, it quickly becomes evi-
dent that loss of economic value can be significantly reduced
by using coordinated SPD systems.

3.2.10 Calculation assistances

The IEC 62305-2 (EN 62305-2) standard includes procedures
and data for calculating the risk in case of lightning strikes
to structures and for selecting lightning protection measures.
The procedures and data listed in the standard are often
complex and difficult to implement in practice. This, however,
should and must not stop lightning protection specialists, in
particular planners, to deal with this topic. The quantitative
assessment of the risk of lightning damage for a structure is
a significant improvement compared to the previous situa-
tion where decisions in favour of or against lightning protec-
tion measures were often based on subjective considerations
which were not understood by all parties involved.

Thus, such a quantitative assessment is an important pre-
requisite for the decision whether, to what extent and which
lightning protection measures must be taken for a structure.
This ensures that lightning protection is widely accepted and
prevents damage in the long term.

It is virtually impossible to apply the procedure stated in the
standard without tools, namely without software tools. The
structure and contents of the IEC 62305-2 (EN 62305-2) stand-
ard are so complex that tools are indispensable if the standard
is supposed to gain ground on the market. Such a software
tool is e.g. Supplement 2 of the German DIN EN 62305-2
standard, which includes a calculation assistance based on
an EXCEL sheet with print option. Moreover, commercial pro-
grams based on databases are available, which also reflect the
full functionality of the standard and allow to edit and store
additional project data and other calculations, if any.

Author of chapter 3.2:

Prof. Dr.-Ing. Alexander Kern

Aachen University of Applied Science,
Jiilich campus
Heinrich-MuBmann-Str. 1

52428 Jillich, Germany

Phone: +49 (0)241/6009-53042
Fax: +49 (0)241/6009-53262
a.kern@fh-aachen.de

3.3 DEHNsupport Toolbox design
assistance

A computer-aided solution makes it easier to design a light-
ning protection system for structures.

The DEHNsupport Toolbox software offers a number of calcula-
tion options in the field of lightning protection based on the
requirements of the IEC 62305-x (EN 62305-x) standard series.
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In addition to international requirements, country-specific ad-
aptations are integrated in the software and are constantly up-
dated. The software, which is available in different languages,
is a tool for specifically defining and implementing lightning
and surge protection measures (Figure 3.3.1).

The following design assistances are available:

= DEHN Risk Tool; risk analysis according to IEC 62305-2
(EN 62305-2)

= DEHN Distance Tool; calculation of the separation distance
according to IEC 62305-3 (EN 62305-3)

= DEHN Earthing Tool; calculation of the length of earth elec-
trodes according to IEC 62305-3 (EN 62305-3)

= DEHN Air-Termination Tool; calculation of the length of air-
termination rods according to IEC 62305-3 (EN 62305-3)

3.3.1 DEHN Risk Tool; risk analysis according
to IEC 62305-2 (EN 62305-2)

The DEHN Risk Tool considerably facilitates the complex and
difficult method of assessing the risk for structures. The ground
flash density Ng in the area where the object to be protected is
located can be determined in the integrated customer/project
management.

In addition to the ground flash density, the calculation basis
must be selected in the DEHNsupport customer/project man-
agement. To this end, different countries and their country-spe-
cific standard designations are available. This selection does
not only define the standard designation for the printout of the
calculations, but also activates country-specific calculation pa-
rameters. As soon as a calculation is opened for the first time,
the defined calculation basis cannot be changed any more.
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Figure 3.3.1 Start screen of the DEHNsupport Toolbox software
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After the user has created a customer/project, the risks to be
considered must be selected. Four risks are available for a risk
analysis:

= Risk Ry, Risk of loss of human life

= Risk R,, Risk of loss of service to the public
= Risk Rs, Risk of loss of cultural heritage

= Risk Ry, Risk of loss of economic value

The competent body is responsible for defining the values for
the tolerable risks. It is advisable to accept the normative val-
ues without changes.

When performing a risk analysis by means of the Risk Tool, the
actual state must be considered without selecting protection
measures. In a second step, a desired state where the existing
risk is minimised by specific protection measures so that it is
less than the tolerable risk specified in the standard is created
by using the copy function, which can be found in the “Build-
ing” tab. This procedure should always be used.

In addition to the ground flash density and the environment of
the building, the collection areas for direct/indirect lightning
strikes must be calculated in the “Building” tab. Three types of
buildings can be used for the calculation:

=» Simple structure
= Building with high point
=» Complex structure (Figure 3.3.1.1).

In case of “Building with high point”, the distance between
+/-0.00 m ground level as well as the top edge (highest point)
must be defined for “Highest point”. In this case, the posi-
tion is irrelevant. “Complex structure” allows to simulate an
interconnected building structure as exact as possible and to
calculate its collection area.

When calculating the collection areas and when performing
risk analyses, it must be observed that only interconnected
building parts can be assessed. If a new building is added to
an existing structure, it can be considered in the risk analysis
as a single object. In this case, the following normative require-
ments must be met on site:

=® Both building parts are separated from each other by
means of a vertical fire wall with a fire resistance period
of 120 min (REI 120) or by means of equivalent protection
measures.

= The structure does not provide a risk of explosion.

= Propagation of surges along common supply lines, if any,
is avoided by means of SPDs installed at the entry point
of such lines into the structure or by means of equivalent
protection measures.

If these requirements are not fulfilled, the dimensions and the
necessary protection measures must be determined for the
complete building complex (old and new building). Thus, the
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Figure 3.3.1.1 Calculation of the collection area

grandfathering clause does not apply. As a result, a lightning
protection system on an existing building may have to be test-
ed for a comprehensive consideration.

The “Zones” tab (Figure 3.3.1.2) allows the user to divide a
building into lightning protection zones and these lightning
protection zones into individual zones. These zones can be cre-
ated according to the following aspects:

=» Type of soil of floor

= Fireproof compartments

= Spatial shields

=» Arrangement of internal systems

= Existing protection measures or protection measures to be
taken

= Loss values

The division of the structure into zones allows the user to con-

sider the special characteristics of each part of the structure

when assessing the risk and to select adequate “made-to-

measure” protection measures. Consequently, the total costs

of protection measures can be reduced.

In the “Supply lines” tab, all incoming and outgoing supply

lines of the structure under consideration are defined. Pipes

do not have to be assessed if they are connected to the main

earthing busbar of the structure. If this is not the case, the risk

of incoming pipes must also be considered in the risk analysis.

Parameters such as

=» Type of line (overhead line/buried line)

= |ength of the line (outside the building)

= Environment

= Connected structure

= Type of internal cabling and

= Lowest rated impulse withstand voltage

www.dehn-international.com ‘@‘



M T
= L e W
Ill\—l e - iy Ld F Reiaiind L &
. Aumn e (e
(} ) = e -
I ™ b i L s Y =
| | wap— St
|| =m _ -
-] wa
| -~ T Tusmam ottty !
2 = o |
T2t
-
5
| —— T —— e
A =
| .
& -
| -
| — -
| |
- PRSP
frtii S — —
P —
=TT mi | -

Figure 3.3.1.2  DEHN Risk Tool, division into zones

must be defined for every supply line. These parameters are
included in the line-related risks for the structure. If the line
length is unknown, the standard recommends to use a line
length of 1000 m for calculation. The line length is defined
from the entry point into the object to be protected to the con-
nected structure or a node. A node is, for example, a distribu-
tion point of a power supply line on a HV/LV transformer or
in a substation, a telecommunication exchange or a piece of
equipment (e.g. multiplexer or xDSL device) in a telecommu-
nication line.

In addition to line-related parameters, the properties of the
building must also be defined. For example, the following fac-
tors are important:

= External spatial shielding

= Spatial shielding in the building

= Floor properties inside/outside the structure
= Fire protection measures and

= Risk of fire

The risk of fire is an important decision criterion and basi-
cally defines whether a lightning protection system must be
installed and which class of LPS is required. The risk is assessed
according to the specific fire load in MJ/m2. The following defi-
nitions are provided in the standard:

= Low risk of fire: Specific fire load < 400 MJ/m?

= Ordinary risk of fire: Specific fire load > 400 MJ/m?
= High risk of fire: Specific fire load = 800 MJ/m?

= Explosion zone 2, 22

= Explosion zone 1, 21

= Explosion zone 0, 20 and solid explosives

To complete the risk analysis, possible losses must be selected.
Losses are subdivided according to the type of loss:

‘@‘ www.dehn-international.com

-y

Figure 3.3.1.3  DEHN Risk Tool, evaluation

®» L1; Loss of human life

= |2; Loss of service to the public
= 13; Loss of cultural heritage

» |4; Loss of economic value

When defining the losses, it must be observed that losses al-
ways refer to the relevant type of loss. Example: Loss of eco-
nomic value (risk R,) due to touch and step voltage only ap-
plies to the loss of animals, not to the loss of persons.

In the DEHN Risk Tool the result of a risk analysis is displayed
in the form of graphics (Figure 3.3.1.3). Thus, it can be seen
immediately and at any time how high the relevant risks are.
Blue stands for the tolerable risk, red or green for the calculat-
ed risk of the structure to be protected. To be able to correctly
assess the risk potential for a structure, the risk components of
the relevant risk must be considered in detail. Each component
describes a risk potential. The aim of a risk analysis is to spe-
cifically reduce the main risks by means of reasonably chosen
measures.

Each risk component can be influenced (reduced or increased)
by different parameters. The measures shown in Table 3.3.1.1
make it easier to select protection measures. The user must
make this selection and activate the protection measures in
the software.

To calculate the risk R, “Loss of economic value”, costs must
be calculated according to IEC 62305-2 (EN 62305-2). To this
end, the actual state (without protection measures) and the
desired state (with protection measures) must be considered.
The following costs (in €) must be defined for calculation:

= Costs of animals c,
= Costs of the building ¢,
= Costs of internal systems including their activities ¢
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Properties of the structure
or internal systems

Protection measures

Physical restrictions, insulation,
warning notice, potential control o
on the ground

Lightning protection system (LPS) o o b

Surge protective devices for lightning
equipotential bonding

b Due to equipotential bonding

Table 3.3.1.1  DEHN Risk Tool, measures (excerpt)

= Costs of the content c,
= Total costs of the structure (c, + ¢, + ¢ + C)) ¢

It must be observed that the costs also include replacement
costs, downtime costs and follow-up costs. These costs must
be evenly allocated to the types of costs.

The EN 62305-2 standard allows to define these values ac-
cording to tables if they are unknown. The following procedure
must be observed:

» Assessment of the total value ¢, of the structure (Table
3.2.9.1)

= Proportional assessment of the values of ¢, ¢, ¢ and ¢
based on ¢, (Table 3.2.9.2)

In addition to c,, ¢, ¢ and ¢, the costs of protection measures
€, must also be defined. To this end, the

= Interest rate i

=® Maintenance rate m and
= Amortisation rate a
must be defined.

The result of the consideration of loss of economic value is:
® Costs of the total loss C; without protection measures
® Remaining loss costs Cg, despite of protection measures
® Annual costs Cpy of the protection measures

= Savings

The calculated values are displayed in €/year.

If the assessment leads to positive savings Sy, the protection
measures make economic sense. If it leads to negative savings
Sw. the protection measures do not make economic sense. Af-
ter performing a risk analysis, a detailed report or a summary
can be printed (rtf file).
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3.3.2 DEHN Distance Tool; calculation of
the separation distance according to
IEC 62305-3 (EN 62305-3)

The DEHN Distance Tool is another module of the DEHNsupport
Toolbox software. In addition to the conventional calculation
formulas for determining the separation distance and thus
the partitioning coefficient k., more exact calculations can be
performed according to the standard. The calculation of the
separation distance is based on nodal analysis.

3.3.2.1 Nodal analysis

Kirchhoff's first law defines that at any node the sum of the
currents flowing into that node is equal to the sum of currents
flowing out of that node (nodal rule) (Figure 3.3.2.1.1).

This rule can also be used for buildings with external lightning
protection system. In case of a simple building with one air-
termination rod (Figure 3.3.2.1.2), the lightning current is
distributed at the base in the event of a lightning strike to the
air-termination rod. This lightning current distribution depends
on the number of down conductors, also referred to as current
paths. Figure 3.3.2.1.2 shows a node with four conductors
(current paths).

In case of a meshed external lightning protection system with
down conductors, the lightning current is distributed in each
junction and at the connection point of the air-termination sys-
tem. To this end, a clamp connection according to IEC 62305-3
(EN 62305-3) is required.

The closer the mesh or the higher the number of nodes, the
better is the lightning current distribution. The same applies to
the entire conductor routing (Figure 3.3.2.1.3).

Nodal analysis is used to calculate the exact lightning cur-
rent distribution and the resulting separation distances. This
method is used for network analysis in electrical engineering
and is a transmission line method. If nodal analysis is used for
a building with external lightning protection system, each line
(current path) is shown in the form of a resistor. Thus, the vari-
ety of meshes and down conductors in a lightning protection
system forms the basis for nodal analysis. The lines of a light-
ning protection system, for example of a mesh, are typically
divided into many individual line sections by means of nodes
(junctions). Each line section represents an electric resistance R
(Figure 3.3.2.1.4). When using nodal analysis, the reciprocal
value of the resistance, also referred to as conductance G, is
used for calculation:

R:l = G=
G

1
R
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|1=IZ+I3+I4+I5

Figure 3.3.2.1.1  Kirchhoff's law with nodes

node

Figure 3.3.2.1.2  Kirchhoff's law: Example of a building with a mesh
on the roof

lhi=h+h+l+15+1..
|15=|7+|g —

Figure 3.3.2.1.3  Kirchhoff's law: Example of a building with air-
termination system
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The conductance G is calculated from a current and voltage
value or a resistance value R. The conductivity refers to the
conductance G of a material with specific dimensions, e.g.:

® length=1m

®» Cross-section = 1 mm?

= Material

The conductance of a conductor can be calculated from these
values without requiring current and voltage values. When po-
sitioning the lightning protection system according to Figure

3.3.2.1.4, a distinction is made between self-conductance and
mutual conductance.

» Self-conductance: Conductance of all conductances
connected at one point | (example: Corner of a flat roof:
Self-conductance consists of the sum of the conductances
of the down conductors in the corner and the conductance
of the two air-termination conductors of the mesh).

Figure 3.3.2.1.4 Resistors of the building
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% Mutual conductance: Conductance between two
points (example: Conductance between two opposite
points (clamping points) of a mesh on a flat roof (without
branches)). The following steps are required to calculate
the separation distances in case of a building with external
lightning protection system (see also Figure 3.3.2.1.5):

. Define 0V potentials (¢q in PO)
. Define potentials (¢ in P1, ...)
. Define self-conductances (Gyy, Gy;, Gpy)

1
2
3
4. Define mutual conductances (Gy;, Gy3, Gym)
5. Define point of strike

6

. Prepare equations for nodal analysis (matrix)

After preparing the node equations, the potential at a certain
point such as ¢, can be calculated. Since the matrix includes
many unknown variables, the equation must be solved accord-
ingly. If all potentials of the meshed network are determined,
the lightning current distribution and thus the k. values are de-
rived from these potentials. Based on these values, the separa-
tion distances can be determined using the equation specified
in the standard.

PO % G =Gy N\ PO
P1lGy, P2lG,, p3lGy;
P7|Gs; P8|Ggg P9|Ggg

Po X node % PO

self-conductance

7
Gy~ Gp—G3—Giy (ol I
Gy = Gpp— Gp3— Gppy Q2| _| !

G31—(G3- G33— G3py . P3 I
Gpi = G\~ Gz — Gy Pn I
mutual conductance

mutual conductance G, = mutual conductance Gy,
Gy; = self-conductance
(Sum of Gn aF G14+G10)
@1 = node potential in point P1
l; = partial lightning current in point P1

potential to be
calculated ¢;:

[~

=

Figure 3.3.2.1.5 Node equation
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Almost equal earth resistances (type B earth-termination sys-
tem) form the basis for this type of calculation of separation
distances for a lightning protection system.

3.3.2.2 Information on the DEHN Distance Tool

Since the calculation by means of nodal analysis is very com-
plex, the simple and time-saving DEHN Distance Tool calcula-
tion module can be used. This module allows to simulate the
current flow in a meshed network and to calculate the separa-
tion distances based on this simulation.

3.3.3 DEHN Earthing Tool; calculation of the
length of earth electrodes according to
IEC 62305-3 (EN 62305-3)

The Earthing Tool of the DEHNsupport software can be used to
determine the length of earth electrodes as per IEC 62305-3
(EN 62305-3). To this end, a distinction is made between the
different types of earth electrodes (foundation earth electrode,
ring earth electrode and earth rod).

In addition to the class of LPS, the earth resistivity must be
defined for single earth electrodes (type A earthing arrange-
ment). These values are used to calculate the length of the
earth electrode (in m) (Figure 3.3.3.1).

To determine the length of a ring or foundation earth elec-
trode, the class of LPS, the surface enclosed by the earth
electrode and the soil resistivity must be defined. The result
shows whether the earth-termination system is sufficiently
dimensioned or whether additional earthing measures must
be taken.

For more detailed information, please see chapter 5.5 “Earth-
termination systems”.
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Figure 3.3.3.1 DEHN Earthing Tool, type A earth-termination system

www.dehn-international.com ‘@‘



T VYRR A G TV 8 TN 1T S0 D58 A T CAADLAARTIAT CF TSR 3F B0 M4 ISR ST
CORTRY I I USRS SRR T PG S50 W O CERA 4 4 ACH WA 557 U AR OF £ U8 WIS S
i or S promction wn abject. Tha rac of B iclvici’ miing §Ehe e e b e by me e of 51
e o LPSE

Wi o P il Baghbgitnd i coioart

e 1 [

] (]
HICHIBNON 1€ T T SRTENA 01 .58 M IO 10 OB
whe Totk £f Sdaien o Bhivhi

g B eyl d

TpeaiPE  bsm

rosassben s T2
- ol Anghe ot it aiea o [0
L
. .-.]
= p Lamngren troam sir s et an —
%Jy . ey
oz = R e T
1 . &' mdie rimrminatonndbe I
-5 ' =
LA neptctobt e [

Al g of e s farmeiaBos 100 Aor
ORE B S8 L1k ISR

mitdprTEaalion fed »

Figure 3.3.4.1 DEHN Air-Termination Tool, gable roof with PV system

3.3.4 DEHN Air-Termination Tool; calculation
of the length of air-termination rods
according to IEC 62305-3 (EN 62305-3)

Air-termination rods allow to integrate large areas in the
protected volume of LPZ 0. In some cases, graphics, which
must be created depending on the class of LPS, are required
to determine the height of the air-termination rod. To facilitate
work for qualified personnel, calculations for different kinds
of graphics are integrated in the DEHN Air-Termination Tool of
the DEHNsupport Toolbox software. The user must define the
class of LPS, the length, width and height of the building and
the separation distance. Depending on whether the protective
angle or rolling sphere method is used, the length of the air-
termination rods to be installed can be calculated from these
values. In case of calculations with several air-termination
rods, the lateral sag of the rolling sphere must also be consid-
ered in the calculation (Figure 3.3.4.1).

The aim is to ensure a technically correct external lightning
protection system.

3.4 Inspection and maintenance

3.4.1 Types of inspection and qualification of
inspectors

To ensure that the structure, the persons therein and the elec-
trical and electronic systems are permanently protected, the
mechanical and electrical characteristics of a lightning protec-
tion system must remain completely intact for the whole of its
service life. To ensure this, a coordinated inspection and main-
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tenance programme for the lightning protection system should
be laid down by an authority, the designer or installer of the
lightning protection system and the owner of the structure. If
defects are found during the inspection of a lightning protec-
tion system, the operator/ owner of the structure is responsible
for the immediate rectification of the defects. The inspection
of the lightning protection system must be carried out by a
lightning protection specialist. A lightning protection specialist
(according to Supplement 3 of the German DIN EN 62305-3
standard) is able to design, install and inspect lightning pro-
tection systems due to his technical training, knowledge, ex-
perience and familiarity with applicable standards. Evidence
can be provided by regular participation in national training
courses.

The criteria (technical training, knowledge and experience)
are usually fulfilled after several years of work experience
and current occupation in the field of lightning protection.
The design, installation and inspection of lightning protection
systems require different skills from the lightning protection
specialist, which are listed in Supplement 3 of the German
DIN EN 62305-3 standard.

A lightning protection specialist is a competent person who is
familiar with the relevant safety equipment regulations, direc-
tives and standards to the extent that he is in a position to
judge if technical work equipment is in a safe condition. In
Germany, a training course leading to recognition as a light-
ning protection specialist (competent person for lightning and
surge protection as well as for electrical installations conform-
ing to EMC (EMC approved expert)) is offered by the Associa-
tion of Damage Prevention (VdS), which is part of the German
Insurance Association (GDV e.V.), in conjunction with the Com-
mittee for Lightning Protection and Lightning Research of the
Association for Electrical, Electronic & Information Technolo-
gies (ABB of the VDE).

Attention: A competent person is not an expert!

An expert has special knowledge in the field of technical work
equipment which requires testing due to his technical training
and experience. He is familiar with the relevant safety equip-
ment regulations, directives and standards to the extent that
he is in a position to judge if complex technical equipment
is in a safe condition. He should be able to inspect technical
work equipment and provide an expert opinion. Experts are,
for example, engineers at the German Technical Inspectorates
or other specialist engineers. Installations requiring inspection
generally have to be inspected by experts or competent per-
sons.

Regardless of the qualifications required from the inspectors,
the inspections should ensure that the lightning protection
system protects living beings, contents, technical equipment
in the structure, safety systems and the structure from the ef-
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fects of direct and indirect lightning strikes and maintenance
and repair measures should be taken, if required. A report of
the lightning protection system containing the design criteria,
design description and technical drawings should therefore be
available to the inspector. The inspections to be carried out are
distinguished as follows:

Inspection at the design stage

The inspection at the design stage should ensure that all as-
pects of the lightning protection system with its components
correspond to the state of the art in force at the design stage
and must be carried out before the service is provided.

Inspections during the construction phase

Parts of the lightning protection system which will be no
longer accessible when the construction work is completed
must be inspected as long as this is possible. These include
foundation earth electrodes, earth-termination systems, rein-
forcement connections, concrete reinforcements used as room
shielding as well as down conductors and their connections
laid in concrete. The inspection comprises checking of techni-
cal documents, on-site inspection and assessment of the work
carried out (see Supplement 3 of the German DIN EN 62305-3
standard).

Acceptance test

The acceptance test is carried out when the lightning protec-
tion system has been completed. Compliance with the protec-
tion concept (design) conforming to the standard and the work
performed (technical correctness taking into consideration the
type of use, the technical equipment of the structure and the
site conditions) must be thoroughly inspected.

Maintenance test

Regular maintenance tests are the prerequisite for a perma-
nently effective lightning protection system. In Germany they
should be carried out every 1 to 4 years. Table 3.4.1.1 in-

Visual inspection

cludes recommendations for the intervals between the com-
plete test of a lightning protection system under average envi-
ronmental conditions. The test intervals specified in regulatory
requirements or regulations have to be considered as mini-
mum requirements. If regulatory requirements prescribe that
the electrical installation in the structure must be regularly
tested, the effectiveness of the internal lightning protection
measures should be checked during this test.

Visual inspection

Lightning protection systems of structures and critical sections
of lightning protection systems (e.g. in case of considerable
influence from aggressive environmental conditions) must
undergo a visual inspection between maintenance tests
(Table 3.4.1.1).

Additional inspection

In addition to the maintenance tests, a lightning protection
system must be inspected if fundamental changes in use,
modification to the structure, restorations, extensions or repair
have been carried out on a protected structure. These inspec-
tions should also be carried out when it is known that light-
ning has struck the lightning protection system.

3.4.2 Inspection measures

The inspection comprises checking of technical documents, on-
site inspection and measurements.

Checking of technical documents
The technical documents must be checked to ensure they are
complete and comply with the standards.

On-site inspection
It must be checked whether:

Complete inspection

LGOI s of critical situations 2

Class of LPS

(year)
I and Il 1
Il and IV 2

a,

(year) (year)
2 1
4 1

Lightning protection systems utilised in applications involving structures with a risk caused by explosive materials should be visually

inspected every 6 months. Electrical testing of the installation should be performed once a year. An acceptable exception to the yearly test

schedule would be to perform the tests on a 14 to 15 month cycle where it is considered beneficial to conduct earth resistance testing over
different times of the year to get an indication of seasonal variations.

Critical situations could include structures containing sensitive internal systems, office blocks, commercial buildings or places where a high
number of people may be present.

Table 3.4.1.1  Maximum period between inspections of an LPS according to Table E.2 of IEC 62305-3 (EN 62305-3)

=
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= The complete system complies with the technical documen-
tation,

=® The complete external and internal lightning protection
system is in good order and condition,

= There are loose connections and interruptions in the con-
ductors of the lightning protection system,

= All earth connections (if visible) are in good order and con-
dition,

= All conductors and system components are properly in-
stalled and parts which provide mechanical protection are
in good order and condition,

=» Modifications requiring additional protection measures
have been made to the protected structure,

= The surge protective devices installed in power installations
and information systems are correctly installed,

= There is any damage or tripped surge protective devices,

= Upstream overcurrent protective devices of surge protec-
tive devices have tripped,

= Lightning equipotential bonding has been established for
new supply connections or extensions, which have been
installed inside the structure since the last inspection,

= Equipotential bonding connections are installed in the
structure and are intact,

= Measures required for proximities between the lightning
protection system and installations have been taken.

Measurements

Measurements are used to test the continuity of the connec-
tions and the condition of the earth-termination system.

They must be made to check whether all connections of air-
termination systems, down conductors, equipotential bonding
conductors, shielding measures etc. have a low-impedance
continuity. The recommended value is < 1 Q.

The contact resistance to the earth-termination system at all
test joints must be measured to establish the continuity of the
lines and connections (recommended value < 1 Q). Further-
more, the continuity with respect to the metal installations
(e.g. gas, water, ventilation, heating), the total earth resistance
of the lightning protection system and the earth resistance of
single earth electrodes and partial ring earth electrodes must
be measured. The results of the measurements must be com-
pared with the results of earlier measurements. If they sig-
nificantly deviate from the earlier measurements, additional
examinations must be performed.

Note: In case of existing earth-termination systems which are
older than 10 years, the condition and quality of the earthing
conductor and its connections can only be visually inspected
by exposing it at certain points.
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3.4.3 Documentation

A report must be prepared for each inspection. This must be
kept together with the technical documents and reports of pre-
vious inspections at the installation/system operator’s prem-
ises or at the offices of the relevant authority.

The following technical documents must be available to the
inspector when assessing the lightning protection system:
Design criteria, design descriptions, technical drawings of the
external and internal lightning protection system as well as
reports of previous maintenance and inspection.

A report should contain the following information:

=» General: Owner and address, manufacturer of the light-
ning protection system and address, year of construction

=» Information on the structure: Location, use, type of
construction, type of roofing, lightning protection level
(LPL)

=» Information on the lightning protection system
— Material and cross-section of the conductors

— Number of down conductors, e.g. test joints (designation
according to the information in the drawing); separation
distance calculated

— Type of earth-termination system (e.g. ring earth elec-
trode, earth rod, foundation earth electrode), material
and cross-section of the connecting lines between the
single earth electrodes

— Connection of the lightning equipotential bonding sys-
tem to metal installations, electrical installations and
existing equipotential bonding bars

=» Fundamentals of inspection
— Description and drawings of the lightning protection system

— Lightning protection standards and provisions at the
time of installation

— Further fundamentals of inspection (e.g. regulations, re-
quirements) at the time of installation

— Ex zone plan
» Type of inspection

— Inspection at the design stage, inspection during the
construction phase, acceptance test, maintenance test,
additional inspection, visual inspection

=» Result of the inspection

— Any modifications to the structure and/or the lightning
protection system

— Deviations from the applicable standards, regulations,
requirements and application guidelines applicable at
the time of installation

— Defects found
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— Earth resistance or loop resistance at the individual test
joints with information on the measuring method and
the type of measuring device

— Total earth resistance (measurement with or without
protective conductor and metal building installation)

=» Inspector: Name of the inspector, inspector’s company/
organisation, name of person accompanying the inspector,
number of pages of the report, date of inspection, signature
of the inspector’s company/organisation

Sample test reports according to the requirements of Supple-
ment 3 of the German DIN EN 62305-3 standard are available
at www.dehn-international.com.

= For general installations: Test report No. 2110

= For installations located in hazardous areas: Test report
No. 2117

3.3.4 Maintenance

Maintenance and inspection of lightning protection systems
must be coordinated. In addition to the inspections, regular
maintenance routines should therefore also be defined for all
lightning protection systems. The frequency of maintenance
work depends on the following factors:

® Loss of quality related to the weather and ambient condi-
tions

= Effects of direct lightning strikes and resulting possible
damage

= Class of LPS required for the structure under consideration

Maintenance measures should be individually determined for
each lightning protection system and become an integral part
of the complete maintenance programme for the structure.
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A maintenance routine should be prepared. This allows a com-
parison between the latest results and those from an earlier
maintenance. These values can also be used for comparison for
a later inspection.

The following measures should be included in a maintenance
routine:

= |nspection of all conductors and components of the light-
ning protection system

= Measuring the continuity of the installations of the light-
ning protection system

=» Measuring the earth resistance of the earth-termination
system

= Visual inspection of all surge protective devices (relates to
surge protective devices installed on the incoming lines of
the power installation and information system) to detect
whether they are damaged or have tripped

= Fixing components and conductors again

= Inspection to ascertain that the effectiveness of the light-
ning protection system is unchanged after additional in-
stallations or modifications to the structure

Complete records should be kept of all maintenance work.
They should contain modification measures which have been
or must be carried out.

These records make it easier to assess the components and
installations of the lightning protection system. They can be
used to examine and update a maintenance routine. The main-
tenance records should be retained together with the design
and the inspection reports of the lightning protection system
for future reference.
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lightning protection
/ system (LPS) \

air-termination system
down-conductor system
earth-termination system
separation distances

lightning equipotential bonding

Figure 41 Components of a lightning protection system

The function of a lightning protection system is to protect
structures from fire or mechanical destruction and persons in
the buildings from injury or even death.

A lightning protection system consists of an external and an
internal lightning protection system (Figure 4.1).

The functions of the external lightning protection system are:

= To intercept direct lightning strikes via an air-termination
system

= To safely conduct the lightning current to the ground via a
down-conductor system

= to distribute the lightning current in the ground via an
earth-termination system

The function of the internal lightning protection system is:

= To prevent dangerous sparking inside the structure. This is
achieved by establishing equipotential bonding or main-
taining a separation distance between the components of
the lightning protection system and other electrically con-
ductive elements inside the structure.

Lightning equipotential bonding reduces the potential differ-
ences caused by lightning currents. This is achieved by con-
necting all isolated conductive parts of the installation directly
by means of conductors or surge protective devices (SPDs)
(Figure 4.2).
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air-termination system

separation distance

earth-termination system \down-conductor system

lightning cur-  lightning cur-  equipotential bon-
|:_I rent arrester  rent arrester  ding for heating,
SEIVIC® | for 230/400V, for telephone air-conditioning,
engg;ce 50 Hz line sanitary system

S ) I S

foundation earth electrode

lightning equipotential bonding

Figure 4.2 Lightning protection system (LPS)

The four classes of LPS I, I, Ill and IV are determined using a
set of construction rules including dimensioning requirements
which are based on the relevant lightning protection level.
Each set comprises class-dependent (e.g. radius of the rolling
sphere, mesh size) and class-independent (e.g. cross-sections,
materials) requirements.

To ensure permanent availability of complex information tech-
nology systems even in case of a direct lightning strike, ad-
ditional measures, which supplement the lightning protection
measures, are required to protect electronic systems against
surges. These comprehensive measures are described in chap-
ter 7 (lightning protection zone concept).
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5.1 Air-termination systems

The function of the air-termination systems of a lightning pro-
tection system is to prevent that direct lightning strikes dam-
age the volume to be protected. They must be designed to
avoid uncontrolled lightning strikes to the building/structure
to be protected.

Correct dimensioning of the air-termination systems allows
to reduce the effects of a lightning strike to a structure in a
controlled way.

Air-termination systems can consist of the following compo-
nents and can be combined with each other as required:

=» Rods
= Spanned wires and cables
=® Meshed conductors

When determining the position of the air-termination systems
of the lightning protection system, special attention must be
paid to the protection of corners and edges of the structure to
be protected. This particularly applies to air-termination sys-
tems on the surfaces of roofs and the upper parts of facades.
Most importantly, air-termination systems must be mounted at
corners and edges.

The following three methods can be used to determine the
arrangement and the position of the air-termination systems
(Figure 5.1.1):

air-termination rod

hy

hy

Figure 5.1.1
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= Rolling sphere method
=® Mesh method
= Protective angle method

The rolling sphere method is the universal method of design
particularly recommended for geometrically complicated ap-
plications.

The three different methods are described below.

5.1.1 Types of air-termination systems and
design methods

Rolling sphere method - Electro-geometric model
For cloud-to-earth flashes, a downward leader grows step-
by-step in a series of jerks from the cloud towards the earth.
When the downward leader has got close to the earth within
a few tens, to a few hundreds of metres, the electrical insula-
tion strength of the air near the ground is exceeded. A further
“leader” discharge similar to the downward leader begins to
grow towards the head of the downward leader: The upward
leader. This defines the point of strike of the lightning strike
(Figure 5.1.1.1).

The starting point of the upward leader and hence the subse-
quent point of strike is determined mainly by the head of the

mesh size M

down conductor

S~ earth-termination

57 N system
Maximum building height

Class  Radius of the Mesh
of LPS rolling sphere (r) size (M)

| 20m 5x5m
Il 30m 10x10m
1l 45m 15x15m
\% 60 m 20x20m

Method of designing air-termination systems for high buildings
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rolling sphere
downward

head of the
downward leader

point afar from leader
the head of the

downward leader

starting
upward leader

Figure 5.1.1.1

Starting upward leader defining the point of strike

downward leader. The head of the downward leader can only
approach the earth within a certain distance. This distance is
defined by the continuously increasing electrical field strength
of the ground as the head of the downward leader approach-
es. The smallest distance between the head of the downward
leader and the starting point of the upward leader is called
the final striking distance hg (corresponds to the radius of the
rolling sphere).

Immediately after the electrical insulation strength is exceeded
at one point, the upward leader, which leads to the final strike
and manages to cross the final striking distance, is formed.
Observations of the protective effect of earth wires and pylons
were used as the basis for the so-called electro-geometric
model.

This is based on the hypothesis that the head of the downward
leader approaches the objects on the ground, unaffected by
anything, until it reaches the final striking distance.

The point of strike is then determined by the object closest to
the head of the downward leader. The upward leader starting
from this point “forces its way through” (Figure 5.1.1.2).

Classes of LPS and radius of the rolling sphere

As a first approximation, a proportionality exists between the
peak value of the lightning current and the electrical charge
stored in the downward leader. Furthermore, the electrical field
strength of the ground as the downward leader approaches is
also linearly dependent on the charge stored in the downward
leader, to a first approximation. Thus there is a proportionality
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starting
upward leader

closest point to
the head of the
downward leader

A rolling sphere cannot only touch the
steeple, but also the nave of the church at
multiple points, as this model experiment
shows. All these points are potential
points of strike.

Figure 5.1.1.2  Model of a rolling sphere;
source: Prof. Dr. A. Kern, Aachen

between the peak value | of the lightning current and the final
striking distance hg (= radius of the rolling sphere):

r=10-1""
rinm
[in kA

The protection of buildings against lightning is described in the
IEC 62305-1 (EN 62305-1) standard. Among other things, this
standard defines the classification into the individual lightning
protection levels/classes of LPS and stipulates the resulting
lightning protection measures.

It differentiates between four classes of LPS. Class of LPS I
provides the most protection and a class of LPS IV, by com-
parison, the least. The interception effectiveness E; of the air-
termination systems is concomitant with the class of LPS, i.e.
which percentage of the prospective lightning strikes is safely
controlled by the air-termination systems. From this, the final
striking distance and hence the radius of the rolling sphere
is obtained. The relationships between lightning protection
level/class of LPS, interception effectiveness of the air-termi-
nation systems, final striking distance/radius of the rolling
sphere and current peak value are shown in Table 5.1.1.1.

Taking as a basis the hypothesis of the electro-geometric mod-
el that the head of the downward leader approaches the ob-
jects on the earth in an arbitrary way, unaffected by anything,
until it reaches the final striking distance, a general method
can be derived which allows the volume to be protected of

www.dehn-international.com ‘@‘



ities for the limits of the

Radius of the rolling

ngh_tnmg lightning current parameters sphere (final striking LT e
protection level . of current
.. X distance hg) X
> minimum values < maximum values rinm lin kA
v 0.84 0.95 60 16
1] 0.91 0.95 45 10
Il 0.97 0.98 30 5
I 0.99 0.99 20 3
Table 5.1.1.1  Relation between lightning protection level, interception probability, final striking distance hg and minimum peak value of

current I; source: Table 5 of IEC 62305-1 (EN 62305-1)

any arrangement of objects to be investigated. A scale model
(e.g. on a scale of 1:100) of the object to be protected, which
includes the external contours and, where applicable, the air-
termination systems, is required to carry out the rolling sphere
method. Depending on the location of the object under inves-
tigation, it is also necessary to include the surrounding build-
ings and objects since these could act as “natural protection
measures” for the object under examination.

Furthermore, a true-to-scale sphere with a radius correspond-
ing to the final striking distance (depending on the class of LPS,
the radius r of the rolling sphere must correspond true-to-scale
to the radii 20, 30, 45 or 60 m) is required for the class of LPS.
The centre of the rolling sphere used corresponds to the head
of the downward leader towards which the respective upward
leaders will approach.

The rolling sphere is now rolled around the object under ex-
amination and the contact points which represent potential
points of strike are marked in each case. The rolling sphere is
then rolled over the object in all directions. All contact points
are marked again. All possible points of strike are thus shown

rolling sphere

\ building

Figure 5.1.1.3  Schematic application of the rolling sphere method
at a building with very irregular surface
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on the model; it is also possible to determine the areas which
can be hit by side flashes. The naturally protected volumes re-
sulting from the geometry of the object to be protected and its
surroundings can also be clearly seen. Air-termination conduc-
tors are not required at these points (Figure 5.1.1.3).

However, it must be observed that lightning footprints have
also been found on steeples in places which were not directly
touched as the rolling sphere rolled over. This, among other
things, is due to the fact that in the event of multiple light-
ning strikes, the base of the lightning strike moves because of
the wind conditions. Consequently, an area of approximately
one metre can come up around the point of strike determined
where lightning strikes can also occur.

Example 1: New administration building in Munich
At the design stage of the new administration building, the
complex geometry led to the decision to use the rolling sphere
method for identifying the areas threatened by lightning
strikes.

This was possible because an architectural model of the new
building was available on a scale of 1:100.

It was determined that class of LPS | was required, i.e. the ra-
dius of the rolling sphere in the model was 20 cm (Figure
5.1.1.4).

The points where the rolling sphere touches parts of the build-
ing can be hit by a direct lightning strike with a corresponding
minimum current peak value of 3 kA (Figure 5.1.1.5). Con-
sequently, adequate air-termination systems were required at
these points. If, in addition, electrical installations were local-
ised at these points or in their immediate vicinity (e.g. on the
roof of the building), additional air-termination measures were
taken at these locations.

The application of the rolling sphere method meant that air-
termination systems were not installed where protection was
not required. On the other hand, at locations where the pro-
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A

Figure 5.1.1.4 New administration building: Model with rolling

sphere according to class of LPS I;

source: WBG Wiesinger

|

Figure 5.1.1.5 New DAS administration building: Areas threatened
by lightning strikes for class of LPS I, top view
(excerpt); source: WBG Wiesinger

A l—

Figure 5.1.1.6  Aachen Cathedral: Model with surroundings and roll-
ing spheres of classes of LPS Il and IIl;
source: Prof. Dr. A. Kern, Aachen
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tection against direct lightning strikes needed to be improved,
this could be done (Figure 5.1.1.5).

Example 2: Aachen Cathedral

The cathedral stands in the middle of the old quarter of Aachen
surrounded by several high buildings. Adjacent to the cathe-
dral is a scale model (1:100) whose purpose is to make it easier
for visitors to understand the geometry of the building.

The buildings surrounding Aachen Cathedral provide a degree
of natural protection against lightning strikes. To demonstrate
the natural protection and the effectiveness of lightning pro-
tection measures, a model of the most important elements of
the surrounding buildings was made on the same scale (1:100)
(Figure 5.1.1.6).

Figure 5.1.1.6 also shows rolling spheres for classes of LPS Il
and Il (i.e. with radii of 30 cm and 45 cm) on the model.

The aim here was to demonstrate the increasing requirements
on the air-termination systems as the radius of the rolling
sphere decreases, i.e. which areas of Aachen Cathedral had
additionally to be considered at risk from lightning strikes if
a class of LPS Il providing a higher degree of protection was
used.

The rolling sphere with the smaller radius (according to a class
of LPS providing a higher lightning protection level) naturally
also touches the model at all points already touched by the
rolling sphere with the larger radius. It is thus only necessary
to determine the additional contact points.

As demonstrated, the sag of the rolling sphere is decisive when
dimensioning the air-termination system for a structure or a
roof-mounted structure.

The following formula can be used to calculate the penetration
depth p of the rolling sphere when the rolling sphere rolls “on
rails”, for example. This can be achieved by using two spanned
wires, for example.

p=r-—
r Radius of the rolling sphere
d Distance between two air-termination rods or two

parallel air-termination conductors

Figure 5.1.1.7 illustrates this approach.

Air-termination rods are frequently used to protect the surface
of a roof or roof-mounted structures against a direct lightning
strike. The square arrangement of the air-termination rods, over
which no cable is generally spanned, means that the sphere
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penetration depth p
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Figure 5.1.1.7 Penetration depth p of the rolling sphere

Class of LPS

I wv
r 20 30 45 60
°
D
o =
<
rectangular protected
volume between four
air-termination rods °

Figure 5.1.1.8  Air-termination system for roof-mounted structures
and their protected volume

)
)

g a0

\

Ah

A /
domelight

installed on the roof \
e :

Figure 5.1.1.9  Calculation of Ah for several air-termination rods
according to the rolling sphere method
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| e
[m] (rounded up)
Distance Class of LPS with rolling sphere radius [m]
between

the air-ter- | ] [} v
mination (20m) (30m) (45m) (60 m)
rods [m]

2 0.03 0.02 0.01 0.01
4 0.10 0.07 0.04 0.03
6 0.23 0.15 0.10 0.08
8 0.40 0.27 0.18 0.13
10 0.64 0.42 0.28 0.21
12 0.92 0.61 0.40 0.30
14 1.27 0.83 0.55 0.41
16 1.67 1.09 0.72 0.54
18 2.14 1.38 0.91 0.68
20 2.68 1.72 1.13 0.84
23 3.64 2.29 1.49 1.1
26 4.80 2.96 1.92 1.43
29 6.23 3.74 2.40 1.78
32 8.00 4.62 2.94 217
35 10.32 5.63 3.54 2.61
Table 5.1.1.2  Sag of the rolling sphere in case of two air-termina-

tion rods or two parallel air-termination conductors

does not “roll on rails” but “sits deeper” instead, thus increas-
ing the penetration depth of the sphere (Figure 5.1.1.8).

The height of the air-termination rods Ah must always be
greater than the value of the penetration depth p determined,
and hence greater than the sag of the rolling sphere. This addi-
tional height of the air-termination rod ensures that the rolling
sphere does not touch the object to be protected.

Another way of determining the height of the air- termination
rods is to use Table 5.1.1.2. The penetration depth of the
rolling sphere is governed by the largest distance of the air-
termination rods from each other. Using the greatest distance,
the penetration depth p (sag) can be read off from the table.
The air-termination rods must be dimensioned according to the
height of the roof-mounted structures (in relation to the loca-
tion of the air-termination rod) and also the penetration depth
(Figure 5.1.1.9).

If, for example, a total air-termination rod height of 1.15 m is
either calculated or obtained from the table, an air-termination
rod with a standard length of 1.5 m is normally used.
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Classof LPS | Meshsize

I 5x5m
Il 10x10m
]l 15x15m
\% 20x20m
Table 5.1.1.3  Mesh size
e.g. gutter

Figure 5.1.1.10  Meshed air-termination system

rolling sphere

protective
angle

air-termi- same surface areas

nation rod

ground area

Figure 5.1.1.11  Protective angle and comparable radius of the roll-

ing sphere

Mesh method

A "meshed” air-termination system can be used universally
regardless of the height of the building and shape of the roof.
A meshed air-termination network with a mesh size according
to the class of LPS is arranged on the roofing (Table 5.1.1.3).

To simplify matters, the sag of the rolling sphere is assumed to
be zero for a meshed air-termination system.

By using the ridge and the outer edges of the building as well
as the metal natural parts of the building serving as an air-
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Figure 5.1.1.12  Protective angle o as a function of height h
depending on the class of LPS
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Figure 5.1.1.13  Cone-shaped protected volume

termination system, the individual meshes can be positioned
as desired.

The air-termination conductors on the outer edges of the struc-
ture must be laid as close to the edges as possible.

The metal capping of the roof parapet can serve as an air-ter-
mination conductor and/or a down conductor if the required
minimum dimensions for natural components of the air-termi-
nation system are complied with (Figure 5.1.1.10).

Protective angle method

The protective angle method is derived from the electric-geo-
metric lightning model. The protective angle is determined by
the radius of the rolling sphere. The protective angle, which is
comparable with the radius of the rolling sphere, is given when
a slope intersects the rolling sphere in such a way that the
resulting areas have the same size (Figure 5.1.1.11).

This method must be used for buildings with symmetrical di-
mensions (e.g. steep roof) or roof-mounted structures (e.g. an-
tennas, ventilation pipes).
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Figure 5.1.1.14  Example of air-termination systems with protective
angle o

air-termination R
conductor 4 \

i A
A @l \ hy

Angle o depends on the class of LPS and the height
of the air-termination conductor above ground

Figure 5.1.1.15  Volume protected by an air-termination conductor

e
=g

h: Physical height of the air-termination rod

Note:

Protective angle o, refers to the height of the air-termination system
h; above the roof surface to be protected (reference plane).
Protective o, refers to the height h, = h; + H, where the earth
surface is the reference plane.

Figure 5.1.1.16  Volume protected by an air-termination rod
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The protective angle depends on the class of LPS and the
height of the air-termination system above the reference plane
(Figure 5.1.1.12).

Air-termination conductors, air-termination rods, masts and
wires should be arranged in such a way that all parts of the
structure to be protected are situated within the protected vol-
ume of the air-termination system.

The protected volume can be “cone-shaped” or "tent-shaped”,
if a cable, for example, is spanned over it (Figures. 5.1.1.13
to 5.1.1.15).

If air-termination rods are installed on the surface of the roof
to protect roof-mounted structures, the protective angle o can
be different. In Figure 5.1.1.16, the reference plane for pro-
tective angle o is the roof surface. The protective angle o,
has the ground as its reference plane and therefore the angle
o, according to Figure 5.1.1.12 and Table 5.1.1.4 is less
than oy.

Table 5.1.1.4 provides the corresponding protective angle for
each class of LPS and the corresponding distance (protected
volume).

Protective angle method for isolated air-termina-
tion systems on roof-mounted structures

Special problems occur when roof-mounted structures, which
are often installed at a later date, protrude from the protected
volumes of the mesh. If, in addition, these roof-mounted struc-
tures contain electrical or electronic equipment such as roof-
mounted fans, antennas, measuring systems or TV cameras,
additional protection measures are required.

If such equipment is connected directly to the external LPS,
partial currents are conducted into the building in the event of
a lightning strike. This could result in the destruction of surge-
sensitive equipment. Direct lightning strikes to such structures
protruding above the roof can be prevented by isolated air-
termination systems.

Air-termination rods as shown in Figure 5.1.1.17 are suitable
for protecting smaller roof-mounted structures (with electrical
equipment).

They form a “cone-shaped” protected volume and thus pre-
vent a direct lightning strike to the roof-mounted structure.

The separation distance s must be taken into account when
dimensioning the height of the air- termination rod (see chap-
ter 5.6).

Isolated and non-isolated air-termination systems
When designing the external lightning protection system of a
building, we distinguish between two types of air-termination
system:
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Height of the air- Class of LPS | [ ClassofLPS1I | Class of LPS Il Class of LPS IV

term|hn?nt ',?1'1 g Angle a D;sit:r::e Angle a D;s;t:r:;e Angle o D;s;c:r:;e Angle o D;sit:r:‘::e

1 71 2.90 74 3.49 77 433 79 5.14

2 71 5.81 74 6.97 77 8.66 79 10.29

3 66 6.74 71 8.71 74 10.46 76 12.03

4 62 7.52 68 9.90 72 12.31 74 13.95

5 59 8.32 65 10.72 70 13.74 72 15.39

6 56 8.90 62 11.28 68 14.85 71 17.43

7 53 9.29 60 12.12 66 15.72 69 18.24

8 50 9.53 58 12.80 64 16.40 68 19.80

9 48 10.00 56 13.34 62 16.93 66 2021
10 45 10.00 54 13.76 61 18.04 65 21.45
11 43 10.26 52 14.08 59 18.31 64 2255
12 40 10.07 50 1430 58 19.20 62 2257
13 38 10.16 49 14.95 57 20.02 61 23.45
14 36 1017 47 15.01 55 19.99 60 24.25
15 34 10.12 45 15.00 54 20.65 59 24.96
16 32 10.00 44 15.45 53 21.23 58 25.61
17 30 9.81 4 15.31 51 20.99 57 26.18
18 27 9.17 40 15.10 50 21.45 56 26.69
19 25 8.86 39 15.39 49 21.86 55 27.13
20 23 8.49 37 15.07 48 22 54 27.53
21 36 15.26 47 2252 53 27.87
22 35 15.40 46 22.78 52 28.16
23 36 16.71 47 24.66 53 30.52
24 32 15.00 44 23.18 50 28.60
25 30 14.43 43 2331 49 28.76
26 29 14.41 M 22.60 49 29.91
27 27 13.76 40 22.66 48 29.99
28 26 13.66 39 2267 47 30.03
29 25 13.52 38 22.66 46 30.03
30 23 12.73 37 22,61 45 30.00
31 36 2252 44 29.94
32 35 2241 44 30.90
33 35 23.11 43 30.77
34 34 2293 4 30.61
35 33 273 M 3043
36 32 22.50 40 3021
37 31 2223 40 31.50
38 30 21.94 39 30.77
39 29 21.62 38 3047
40 28 2127 37 30.14
M 27 20.89 37 30.90
Y] 26 2048 36 30.51
43 3 25 20.05 35 30.11
44 angle | o ™, 24 19.59 35 30.81
45 ] 23 19.10 34 3035
46 33 29.87
47 3 32 29.37
48 32 29.99
49 3 31 29.44
50 30 28.87
51 1 30 29.44
52 height h of the 29 28.82
53 air-termination K 28 28.18
54 rod 27 27.51
55 3| 27 28.02
56 N 26 27.31
57 distance a N 25 26.58
58 g 25 27.05
59 24 26.27
60 23 25.47

Table 5.1.1.4  Protective angle o depending on the class of LPS
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Figure 5.1.1.17  Protection of small-sized roof-mounted structures
against direct lightning strikes by means of air-

termination rods

Figure 5.1.1.19  Flat roof with air-termination rods and conductor
holders: Protection of the domelights

» |solated

= Non-isolated
The two types can be combined.

The air-termination systems of a non-isolated external light-
ning protection system of a structure can be installed in the

following ways:
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» |f the roof is made of non-flammable material, the con-
ductors of the air-termination system can be installed on
the surface of the structure (e.g. gable or flat roof). Non-
flammable building materials are commonly used. The com-
ponents of the external lightning protection system can
therefore be mounted directly on the structure (Figures
5.1.1.18 and 5.1.1.19).

= [f the roof is made of highly flammable material (class
B 3 building material, see Supplement 1 of the German
DIN EN 62305-3 standard) e.g. thatched roofs, the distance
between the flammable parts of the roof and the air-termi-
nation rods, air-termination conductors or air-termination
meshes of the air-termination system must not be less
than 0.4 m. Highly flammable parts of the structure to be
protected must not be in direct contact with parts of the
external lightning protection system. Neither may they be
located under the roofing, which can be punctured in the
event of a lightning strike (see also chapter 5.1.5 Thatched
roofs).

Isolated air-termination systems protect the complete struc-
ture against a direct lightning strike by means of air-termina-
tion rods, air-termination masts or masts with cables spanned
over them. When installing the air-termination systems, the
separation distance s from the building must be maintained
(Figures 5.1.1.20 and 5.1.1.21).

Isolated air-termination systems are frequently used when the
roof is covered with flammable material (e.g. thatched roof) or
also for systems located in hazardous areas (e.g. tanks) (see
also chapter 5.1.5 "Air-termination system for buildings with
thatched roofs”).

A further method of designing isolated air-termination systems
is to use electrically insulating materials such as GRP (glass-

s separation distance acc. to IEC 62305-3 (EN 62305-3)
o protective angle acc. to Table 5.1.1.4

e e
12 o
o & o
> N e > N
—»> Sle

air-

A '
N 7
S N ,
) Nz
air-
termination termination
mast mast
protected
structure

reference plane

Figure 5.1.1.20 Isolated external lightning protection system with
two separate air-termination masts according to
the protective angle method: Projection on a
vertical surface
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s1,S; separation distance according to horizontal
IEC 62305-3 (EN 62305-3) air-termination
conductor
y S~—
iy
A
S2
air-termi- protected air-termi-
nation mast structure nation mast

reference plane

Figure 5.1.1.21  Isolated external lightning protection system
consisting of two separate air-termination masts
connected by a horizontal air-termination conduc-
tor: Projection on a vertical surface via the two

masts (vertical section)

Thickness? | Thickness®
t [mm] t' [mm]
- 2.0

Lead
e 4 s
I to IV Titanium 4 0.5
Copper 5 0.5
Aluminium 7 0.65
Zinc - 0.7

3t prevents puncture
bt only for sheet metal if puncture, overheating and ignition
does not have to be prevented

Table 5.1.1.5  Minimum thickness of sheet metal

fibre reinforced plastic) to secure the air-termination systems
(air-termination rods, conductors or cables) at the object to be
protected.

This form of isolation can be limited to local use or applied to
whole parts of the installation. It is often used for roof-mount-
ed structures such as ventilation systems or heat exchangers
which have an electrically conductive connection into the
building (see also chapter 5.1.8).

Natural components of air-termination systems
Metal structural parts such as roof parapets, gutters, railings
or claddings can be used as natural components of an air-
termination system.
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If a building has a steel frame construction with a metal roof
and facade made of conductive material, these parts can be
used for the external lightning protection system, under cer-
tain circumstances.

Sheet metal claddings at or on top of the building to be pro-
tected can be used if the electrical connection between the
different parts is permanent. These permanent electrical con-
nections can be made by e.g. soldering, welding, pressing,
screwing or riveting. Qualified persons may also establish con-
nections by means of soft-soldering. The continuously soldered
surface of the connection must be at least 10 cm? with a width
of at least 5 mm.

If there is no electrical connection, these elements must be ad-
ditionally connected e.g. by means of bridging braids or bridg-
ing cables.

If the thickness of the sheet metal is not less than the value t'
in Table 5.1.1.5 and if melting of the sheets at the point of
strike or the ignition of flammable material under the clad-
ding does not have to be taken into account, such sheets can
be used as an air-termination system. The material thicknesses
are not distinguished according to the class of LPS.

If it is, however, necessary to take precautionary measures
against melting or intolerable heating at the point of strike,
the thickness of the sheet metal must not be less than value t
in Table 5.1.1.5.

The required thicknesses t of the materials can generally not
be complied with, for example, in case of metal roofs.

For pipes or containers, however, it is possible to comply with
these minimum thicknesses (wall thicknesses). If, though, the
temperature rise (heating) on the inside of the pipe or tank
represents a hazard for the medium contained therein (risk of
fire or explosion), these must not be used as air-termination
systems (see also chapter 5.1.4).

If the requirements concerning the appropriate minimum
thickness are not met, the components, e.g. pipes or contain-
ers, must be situated in an area protected from direct lightning
strikes.

A thin coat of paint, 1 mm bitumen or 0.5 mm PVC, cannot be
regarded as insulation in the event of a direct lightning strike.
Such coatings are punctured when subjected to the high ener-
gies deposited during a direct lightning strike.

If conductive parts are located on the surface of the roof, they
can be used as a natural air-termination system if there is no
conductive connection into the building.

By connecting e.g. pipes or incoming electrical conductors,
partial lightning currents can enter the structure and interfere
with or even destroy sensitive electrical / electronic equipment.

www.dehn-international.com ‘@‘



Figure 5.1.2.1 Air-termination system on a
gable roof

Figure 5.1.2.2  Height of a roof-mounted struc- Figure 5.1.2.3  Additional air-termination
ture made of non-conductive

system for vent pipes

material (e.g. PVC), h< 0.5 m

In order to prevent these partial lightning currents, isolated air-
termination systems must be installed for such roof-mounted
structures.

The isolated air-termination system can be designed using the
rolling sphere or protective angle method. An air-termination
system with a mesh size according to the class of LPS used can
be installed if the whole arrangement is elevated (isolated) by
the required separation distance s.

A universal component system for installing isolated air-termi-
nation systems is described in chapter 5.1.8.

5.1.2 Air-termination systems for buildings
with gable roofs

Air-termination systems on roofs include all metal compo-
nents, e.g. air-termination conductors, air-termination rods,
air-termination tips.

The parts of the structure typically hit by lightning strikes
such as gable peaks, chimneys, ridges and arrises, the edges
of gables and eaves, parapets and other protruding structures
mounted on the roof must be equipped with air-termination
systems.

Normally, a meshed air-termination network is installed on the
surface of gable roofs with a mesh size according to the class of
LPS (e.g. mesh size of 15 m x 15 m for class of LPS IIl) (Figure
5.1.2.1).

By using the ridge and the outer edges as well as the met-
al parts serving as an air-termination system, the individual
meshes can be positioned as desired. The air-termination con-
ductors on the outer edges of the building must be installed as
close to the edges as possible.
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Generally, the metal gutter is used for closing the “mesh” of
the air-termination system on the roof surface. If the gutter
itself is connected in such a way that it is conductive, a gutter
clamp is mounted at the cross point between the air-termina-
tion system and the gutter.

Roof-mounted structures made of non-conductive material
(e.g. PVC vent pipes) are considered to be sufficiently protect-
ed if they do not protrude more than h = 0.5 m from the plane
of the mesh (Figure 5.1.2.2).

If such a roof-mounted structure protrudes more thanh =0.5m,
it must be equipped with an air-termination system (e.g. air-
termination tip) and connected to the nearest air- termination
conductor. To this end, a wire with a diameter of 8 mm up
to a maximum free length of 0.5 m can be used as shown in
Figure 5.1.2.3.

Metal roof-mounted structures without conductive connection

into the structure do not have to be connected to the air-ter-

mination system if all of the following conditions are fulfilled:

= Roof-mounted structures may protrude a maximum dis-
tance of 0.3 m from the roof level

=» Roof-mounted structures may have a maximum enclosed
area of 1 m? (e.g. dormers)

=» Roof-mounted structures may have a maximum length of
2 m (e.g. sheet metal roofing)

Only if all three conditions are met, no connection is required.

Furthermore, the separation distance to the air-termination

and down conductors must be maintained for the above men-

tioned conditions (Figure 5.1.2.4).
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Figure 5.1.2.4 Building with photovoltaic system and sufficient
separation distance; source: Blitzschutz Wettingfeld,
Krefeld

Air-termination rods for chimneys must be installed to ensure
that the entire chimney is located in the protected volume. The
protective angle method is used to dimension the air-termina-
tion rods.

If the chimney is brick-built or constructed with preformed sec-
tions, the air-termination rod can be directly mounted on the
chimney.

If there is a metal pipe in the interior of the chimney, e.g. if
an old building is renovated, the separation distance to this
conductive part must be maintained. To this end, isolated air-

Figure 5.1.2.5 Antenna with air-termination rod and spacer

termination systems are used and the air-termination rods are
installed by means of spacers. The metal pipe must be con-
nected to the equipotential bonding system.

The assembly to protect parabolic antennas is similar to that to
protect chimneys with a metal pipe.

In the event of a direct lightning strike to antennas, partial
lightning currents can enter the building to be protected via
the shields of the coaxial cables and cause the interference

Roof conductor holder
of type FB2
Part. No. 253 050

Bridging braid
Part. No. 377 015

flexible connection

T distance between the
roof conductor holders
™\_ of approx. 1 m

L

Roof conductor holder
of type FB
Part. No. 253 015

[LIEL) LT

Figure 5.1.3.1 Air-termination system on a flat roof
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and destruction described before. To prevent this, antennas
are equipped with isolated air-termination systems (e.g. air-
termination rods) (Figure 5.1.2.5).

Air-termination systems on the ridge have a tent-shaped pro-
tected volume (according to the protective angle method). The
angle depends on the height above the reference plane (e.g.
surface of the earth) and the selected class of LPS.

5.1.3 Air-termination systems for buildings
with flat roofs

The mesh method is used to design an air-termination system
for buildings with flat roofs (Figure 5.1.3.1). A meshed air-
termination network with a mesh size according to the class of
LPS is arranged on the roofing (Table 5.1.1.3).

Figure 5.1.3.2 illustrates the practical application of the
meshed air-termination system in combination with air-ter-
mination rods to protect the structures mounted on the roof,
e.g. domelights, photovoltaic modules or fans. Chapter 5.1.8
shows how to deal with these roof-mounted structures.

Roof conductor holders on flat roofs are laid at intervals of ap-
proximately 1 m. The air-termination conductors are connected
to the roof parapet which is used as a natural component of
the air-termination system. As the temperature changes, so
does the length of the materials used for the roof parapet.
Therefore, the individual segments must be equipped with
“slide sheets”.

If the roof parapet is used as an air-termination system, these
individual segments must be permanently interconnected so
as to be electrically conductive without restricting their ability
to expand. This can be achieved by means of bridging braids,
brackets or cables (Figure 5.1.3.3).

The changes in length resulting from changes in temperature
must also be taken into account for air-termination conductors
and down conductors (see chapter 5.4.1).

A lightning strike to the roof parapet can melt the material
used. If this is not acceptable, an additional air-termination
system, e.g. with air-termination tips, must be installed using
the rolling sphere method (Figure 5.1.3.4).

Conductor holders for flat roofs, homogeneously
welded

Under wind conditions, roof sheetings can horizontally move
across the roof surface if they are not properly fixed/laid on
the surface. To ensure that conductor holders for air-termi-
nation systems are not displaced on the smooth surface, the
air-termination conductor must be fixed. Conventional roof
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Figure 5.1.3.2  Practical use of air-termination rods

Figure 5.1.3.3  Bridging braid used for the roof parapet

bridging
bracket

il

Figure 5.1.3.4 Example how to protect the metal capping of the roof
parapet if melting is not allowed (front view)
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distance between the roof
conductor holders of approx. 1 m

Figure 5.1.3.5 Plastic flat roof sheetings — Roof conductor holder of type KF/KF2

conductor holders cannot be permanently bonded to roof
sheetings since they usually do not permit the application of
adhesives.

A simple and safe way of fixing air-termination conductors is
to use roof conductor holders of type KF in combination with
strips (strips must be cut to the desired length) made of the
roof sheeting material. The strip is clamped into the plastic
holder and both sides are welded onto the sealing. Holder
and strip should be positioned directly next to a roof sheeting
joint at a distance of approximately 1 m. The membrane strip
is welded to the roof sheeting according to the roof sheeting
manufacturer's instructions. This prevents air-termination con-
ductors from being displaced on flat roofs.

If the slope of the roof is greater than 5°, every roof conduc-
tor holder must be fixed, if it is smaller than 5°, only every
second conductor holder must be fixed. If the slope of the roof
is greater than 10°, the roof conductor holder may not be suit-
able any more depending on the installation situation.

If the plastic roof sheetings are mechanically fixed, the roof
conductor holders must be arranged in the immediate vicinity
of the mechanical fixing.

When carrying out this work, it must be observed that the
roofer is liable for welding and bonding work on the sealing.
Therefore, the work may only be carried out in agreement with
the roofer responsible for the particular roof or must be carried
out by himself (Figure 5.1.3.5).
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5.1.4 Air-termination systems on metal roofs

Modern industrial and commercial buildings often have metal
roofs and facades. The metal sheets and plates on the roofs are
usually 0.7 to 1.2 mm thick.

Figure 5.1.4.1 shows an example of the construction of a
metal roof. When such a roof is hit by a direct lightning strike,
melting or vaporisation at the point of strike can leave a hole
in the roof. The size of the hole depends on the energy of the
lightning strike and the material properties of the roof (e.g.
thickness). The biggest problem is the subsequent damage,
e.g. ingress of moisture, at this point. Days or weeks can pass
before this damage is noticed. The roof insulation gets damp
and/or the ceiling gets wet and is thus no longer rainproof.

One example of damage which was assessed using the
Siemens Lightning Information Service (Blitz-Informations
Dienst von Siemens (BLIDS)) illustrates this problem (Figure
5.1.4.2). A current of approximately 20,000 A struck the sheet
metal and left a hole there (Figure 5.1.4.2: Detail A). Since
the sheet metal was not earthed by a down conductor, flash-
over to natural metal parts in the wall occurred in the area
around the fascia (Figure 5.1.4.2: Detail B) which also left
a hole.

To prevent such kind of damage, a suitable external lightning
protection system with lightning current carrying wires and
clamps must be installed even on a "thin” metal roof. The
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evaluation: BLIDS — SIEMENS

| =20400 A

Figure 5.1.4.1  Types of metal roofs, e.g. roofs
with round standing seam

IEC 62305-3 (EN 62305-3) lightning protection standard clear-
ly illustrates the risk for metal roofs. Where an external light-
ning protection system is required, the metal sheets must have
the minimum values stated in Table 5.1.1.5.

The thicknesses t are not relevant for roofing materials. Metal
sheets with a thickness t" may only be used as a natural air-
termination system if puncture, overheating and melting is ac-
cepted. The owner of the structure must agree to accept this
type of roof damage since the roof will no longer be rainproof.

If the owner does not accept damage to the roof in the event
of a lightning strike, a separate air-termination system must
be installed on a metal roof so that the rolling sphere (radius
r according to the class of LPS) does not touch the metal roof
(Figure 5.1.4.3).

In this case, an air-termination system with many air-termina-
tion tips is recommended.

The heights of air-termination tips in Table 5.1.4.1 have prov-
en effective in practice, regardless of the class of LPS.

When fixing the conductors and air-termination tips, no holes
may be drilled into the metal roof. A number of conductor hold-
ers is available for the different types of metal roofs (round
standing seam, standing seam, trapezoidal). Figure 5.1.4.4a
shows adequate conductors for a metal roof with round stand-
ing seam. If conductor holders with lightning current carrying
clamp are used, an air-termination tip can be directly fixed.

It must be observed that e.g. on a trapezoidal roof the con-
ductor in the conductor holder located at the highest point
of the roof must be fixed, whereas the conductors in all other
conductor holders must be routed loosely due to the length
compensation resulting from the changes in temperature
(Figure 5.1.4.4b).
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Figure 5.1.4.2 Example of damage: Sheet metal

rolling sphere
with a radius acc.

. L to class of LPS
air-termination tip

Figure 5.1.4.3  Air-termination system on a metal roof — Protection
against puncture

Suitable for all classes of LPS

Height of the air-
termination tip”

Distance of the
horizontal conductors

3m 0.15m
4m 0.25m
5m 0.35m
6m 0.45m

“) recommended values

Table 5.1.4.1  Lightning protection for metal roofs — Height of the

air-termination tips

Figure 5.1.4.5 shows a conductor holder with fixed conduc-
tor routing and an air-termination tip on a trapezoidal roof.
To reliably prevent the ingress of moisture, the conductor hold-
er must be hooked into the fixing screw above the cover plate
for the drill hole.
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Figure 5.1.4.4a

Figure 5.1.4.5 Sample construction o a trap-
ezoidal sheet roof, conductor
holder with clamping frame

Figure 5.1.4.6 shows a conductor holder with loose conduc-
tor routing on a standing seam roof.

Figure 5.1.4.6 also shows the current carrying connection to
the standing seam roof at the edge of the roof. Unprotected
installations protruding above the roof such as domelights
and smoke vents are exposed to lightning strikes. In order to
prevent these installations from being struck by direct light-
ning strikes, air-termination rods must be installed next to the
installations protruding above the roof (Figure 5.1.4.7). The
height of the air- termination rod depends on the protective
angle o.
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[l rarallel conector
St/tZn Part No. 307 000

B3 Roof conductor holder
for metal roofs,
loose conductor routing,
DEHNgrip conductor holder
StSt  Part No. 223 011
Al Part No. 223 041

[} Roof conductor holder
for metal roofs, capable of
carrying lightning currents,
fixed conductor routing,
with clamping frame
StSt  Part No. 223 010
Al Part No. 223 040

Conductor holders for metal roofs — Round standing seam

Figure 5.1.4.6 Sample construction on a
standing seam roof

air-termination tip

T
conductor holder with1

loose conductor routing

Figure 5.1.4.4b  Conductor holder for metal roofs —
Round standing seam

Figure 5.1.4.7 Air-termination rod for a dome-
light on a round standing seam
roof

5.1.5 Air-termination system for buildings
with thatched roof

In general, class of LPS Il is suited for such a structure. In indi-
vidual cases, a risk analysis based on I[EC 62305-2 (EN 62305-2)
can be performed.

Section 4.3 of Supplement 2 of the German DIN EN 62305-3
standard places special requirements on the installation of the
air-termination system for buildings with thatched roof.

The air-termination conductors on such roofs made of thatch,
straw or reed must be fastened across insulating supports so
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Figure 5.1.5.1  Air-termination system for buildings with thatched roofs

that they are free to move. Certain distances must also be
maintained around the eaves.

When a lightning protection system is installed on a roof at
a later date, the distances must be increased so that when
re-roofing is carried out, the necessary minimum distances are
maintained at any time.

For a class of LPS Ill, the typical distance of the down conduc-
torsis 15 m.

n Clamping cap with air-term. rod 145 309

Wooden stake 145241
Roof conductor support 240 000
n Eaves support 239 000
B ocuydamp 241009

ﬂ Air-term. conductor (e.g. Al cable) 840 050

Figure 5.1.5.2  Components for thatched roofs
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Important distances (minimum values)

a 0.6m Airterm. conductor/ridge
b 0.4m Air-term. conductor/roofing
¢ 0.15m Eaves/eaves support

d 2.0m Airterm. conductor/tree branches

The exact distance of the down
conductors from each other can be
determined by calculating the sep-
aration distance s in accordance
with IEC 62305-3 (EN 62305-3).

The calculation of the separation
distance is described in chap-
ter 5.6.

Air-termination conductor
Connecting point

Test joint

Earth conductor

Down conductor

Ideally, ridge conductors should
have a span width up to about
15 m and down conductors up to
about 10 m without additional
supports.

Span stakes must be firmly con-
nected to the roof structure (raft-
ers and crossbars) by means of an-
chor bolts and washers (Figures
5.1.5.1 to 5.1.5.3).

Metal parts situated on the roof

surface (such as wind vanes, irriga-

tion systems, antennas, sheet met-
al, conductors) must be completely located in the protected
volume of isolated air-termination systems.

If this is not possible, efficient lightning protection must be en-
sured in these cases. To this end, an isolated external lightning
protection system with air-termination rods next to the struc-
ture, air-termination conductors or air-termination networks
between masts next to the building must be installed.
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Figure 5.1.5.3  Thatched roof

If a thatched roof is situated next to metal roofing material and
if the building has to be equipped with an external lightning
protection system, a non-conductive roofing material with a
width of at least 1 m, e.g. made of plastic, must be inserted
between the thatched roof and the rest of the roof.

Tree branches must be kept at least 2 m away from a thatched
roof. If trees are very close to, and higher
than, a building, an air-termination conduc-

Figure 5.1.5.4 Historical farmhouse with external lightning protection system;
source: Hans Thormahlen GmbH & Co.KG.

Tl T

requirements for buildings with thatched roof (IEC 62305-3
(EN 62305-3)).

The ridge of the object is made of heather and is protected by
a plastic meshed network to prevent birds from taking away
the heather.

When planning the air-termination system, the rolling sphere
method must be used to determine the protected volumes. Ac-

tor must be mounted on the edge of the

roof facing the trees (edge of the eaves, ga- E _
ble) and connected to the lightning protec- ol GRP/Al supporting tube @ 50 mm "
tion system. The necessary distances must ! 0
.. IS 1 "\‘S“
be maintained. i | e
Another possibility to protect thatched i ) qc,Q\\e
buildings from lightning strikes is to install : R
air-termination masts which ensure that I
the entire building is located in the pro- :
tected volume. AN
NN
This is described in chapter 5.1.8 “Isolated \\§§§
air-termination systems” (telescopic light- \\\
ning protection masts). . N
. . = Legend:
A new and architecturally appealing pos- Down conductor
5|b|I'|ty to mstaII.an |soIateQ lightning pro- — — — - HVI Conductor
tection system is to use insulated down c (underneath
conductors. e the roof)
Figure 5.1.5.4 shows insulated down con- = = = - Earth conductor
ductors installed on a historical farmhouse. —coo— Test joint
R A —f=— [T Thatched roof

A lightning protection system according

to class of LPS Il was installed on the his-
torical farmhouse. This meets the normative
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Figure 5.1.5.5 Sectional view of the main building
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supporting tube with in-
tegrated HVI Conductor

ridge made of

it ar sl film for sealing the mast

HVI Conductor installed under-
neath the roof up to the eaves

Legend:

MEB

Down conductor
HVI Conductor

4 9
f -~,;\ HVI Conductor

Thatched roof

(underneath  installed in the §
the roof) _‘ ~ supporting tube
Earth conductor L, -

Test joint ’ -

Figure 5.1.5.6  Schematic diagram and picture of the installation of the down conductor at the rafter

cording to the standard, a rolling sphere radius of 45 m must
be used for class of LPS IIl. In our example, the height of the
air-termination system is 2.30 m. This height ensures that the
two chimneys at the ridge and the three new dormers on the
roof are located in the protected volume (Figure 5.1.5.5).

A supporting tube made of GRP (glass-fibre reinforced plas-
tic) was chosen to elevate the air-termination system and to
accept the insulated down conductors. The lower part of the
supporting tube is made of aluminium to ensure mechanical
stability. Unwanted sparking may occur in this section as a
result of the induction effects on adjacent parts. To avoid this,
no earthed parts or electrical equipment may be located at a
distance of 1 m around the aluminium tube. Therefore, e.g. ny-
lon tie wires should be used for ridges made of heather or sod.
Electrical isolation between air-termination systems and
down conductors and between the metal installations to be
protected and equipment of power supply and information
technology systems in the structure requiring protection can
be achieved by maintaining a separation distance s between
these conductive parts. This separation distance must be de-
termined according to the IEC 62305-3 (EN 62305-3) standard.
The high-voltage-resistant, insulated HVI Conductor has an
equivalent separation distance of s = 0.75 m (air) ors = 1.50 m
(solid material). Figure 5.1.5.6 shows the arrangement of the
down conductor.

The HVI Conductor is installed in the supporting tube and con-
nected via a central earthing busbar. Equipotential bonding is
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established by means of a flexible conductor HO7V-K 1 x 16 mm2,
The supporting tube is fixed at a special construction (crosshar)
and the down conductors are routed along the rafters of the
roof construction underneath the battens (Figure 5.1.5.6). At
the eaves, the HVI Conductors are led through the fascia board
(Figure 5.1.5.7).

For architectural reasons, down conductors are installed in
aluminium further down. The transition of the HVI Conductor
to the uninsulated, bare down conductor near the earth-termi-
nation system and the installation of HVI Conductors are de-
scribed in the relevant installation instructions. A sealing end
is not required in this case.

N Y

Figure 5.1.5.7  HVI Conductor led through the fascia board

A\
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Warning: Keep off

the park deck during
thunderstorms!

Air-termination stud
Part No. 108 009
/
/ /
Conductors installed in concrete
or in the joints of the roadway

Discharge via steel reinforcement

4

Figure 5.1.6.1

Lightning protection system for a car park roof —
Protection of the building

5.1.6 Accessible roofs

It is not possible to mount air-termination conductors (e.g.
with concrete blocks) on roofs which are accessible by vehi-
cles. One possible solution is to install the air-termination con-
ductors in either concrete or in the joints between the decks.
If the air-termination conductor is installed in these joints, air-
termination studs are fixed at the intersections of the meshes
as defined points of strike.

The mesh size must not exceed the value specified for the rel-
evant class of LPS (see chapter 5.1.1, Table 5.1.1.3).

If it is ensured that persons do not stay in this area during a
thunderstorm, it is sufficient to take the measures described
above.

Persons who have access to the parking deck must be informed
by a notice that they must immediately clear this parking deck
when a thunderstorm occurs and not return for the duration of
the storm (Figure 5.1.6.1).

If it is likely that persons stay on the roof surface during a
thunderstorm, the air-termination system must be designed to
protect these persons from direct lightning strikes, assuming
they have a height of 2.5 m (with stretched arm). The rolling
sphere or the protective angle method can be used to dimen-
sion the air-termination system according to the class of LPS
(Figure 5.1.6.2).

These air-termination systems can consist of spanned cables or

air-termination rods. The air-termination rods are fixed to e.g.
structural elements such as parapets or the like.

82 LIGHTNING PROTECTION GUIDE

h=25m+s

Additional
air-termination
cable

Height of the air-termination rod dimensioned
according to the required protected volume

Figure 5.1.6.2  Lightning protection system for a car park roof —
Protection of the building and persons (IEC 62305-3
(EN 62305-3); Annex E)

Furthermore, e.g. lighting masts can also be used as air-termi-
nation rods to prevent life hazards. In this case, however, the
partial lightning currents which may enter the structure via the
power lines must be observed. Therefore, it is imperative to
establish lightning equipotential bonding for these lines.

5.1.7 Air-termination system for green and
flat roofs

Green roofs can make economic and ecological sense since
they provide noise insulation, protect the roofing, suppress
dust from the ambient air, provide additional heat insulation,
filter and retain rainwater and are a natural way of improv-
ing the living and working atmosphere. Moreover, green roofs
are publically funded in many regions. A distinction is made
between so-called extensive and intensive green roofing. Ex-
tensive green roofing requires little effort, in contrast to in-
tensive green roofing which requires fertiliser, irrigation and
cutting. For both types of green roofing, either earth substrate
or granulate must be laid on the roof.

It is even more complicated if the granulate or substrate has to
be removed due to a direct lightning strike.

If no external lightning protection system is installed, the roof
sealing can be damaged at the point of strike.

Experience has shown that, regardless of the effort required,
the air-termination system of an external lightning protection
system can and should be installed on the surface of a green
roof.
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Green roof

Figure 5.1.7.1

If a meshed air-termination system is used, the IEC 62305-3
(EN 62305-3) lightning protection standard requires a mesh
size which depends on the relevant class of LPS (see chapter
5.1.1, Table 5.1.1.3). An air-termination conductor installed
inside the cover layer is difficult to inspect after some years
because the air-termination tips or studs are overgrown and
no longer recognisable and frequently damaged during main-
tenance work. Moreover, air-termination conductors installed
inside the cover layer are susceptible to corrosion. Conduc-
tors of air-termination meshes installed evenly on top of the
cover layer are easier to inspect even if they are overgrown
and the air-termination system can be elevated by means of
air-termination tips and rods and thus “grow"” with the plants
on the roof. Air-termination systems can be designed in differ-
ent ways. A meshed air-termination network with a mesh size
of 5m x 5 m (class of LPS 1) up to a maximum mesh size of
15 m x 15 m (class of LPS ll) is typically installed on the roof
surface, regardless of the height of the building. The mesh is to
be preferably installed on the external edges of the roof and on
any metal structures serving as air-termination system.
Stainless steel (V4A, e.g. material No. AISI/ASTM 316 Ti) has
proven to be a good wire material for air-termination systems
on green roofs.

Aluminium wires must not be used for installing conductors in
the cover layer (in the earth substrate or granulate) (Figures
5.1.7.1 t0 5.1.7.3).

5.1.8 Isolated air-termination systems

Roof-mounted structures such as air-conditioning and cool-
ing systems, e.g. for mainframes, are frequently installed on
the roofs of large office and industrial buildings. These roof-
mounted systems must be treated like antennas, electrically
controlled domelights, advertising signs with integrated light-
ing and all other protruding roof-mounted structures because
they typically have a conductive connection into the building,
e.g. via electrical lines or ducts.
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Figure 5.1.7.2  Air-termination system on a
green roof

Figure 5.1.7.3  Conductor routing above the
cover layer

According to the state of the art of lightning protection tech-
nology, such roof-mounted structures are protected against
direct lightning strikes by means of separately mounted air-
termination systems. This prevents partial lightning currents
from entering the building where they would interfere with or
even destroy sensitive electrical/ electronic equipment.

In the past, these roof-mounted structures were directly con-
nected so that parts of the lightning current were conducted
into the building. Later, roof-mounted structures were indirect-
ly connected via a spark gap. This meant that direct lightning
strikes to the roof-mounted structure could still flow through
the “internal conductor” although the spark gap should not
reach the sparkover voltage in the event of a more remote
lightning strike to the building. This voltage of approximately
4 kV was almost always reached and thus partial lightning
currents were also injected into the building via the electrical
cable, for example, which led to interference with the electrical
or electronic installations.

The only way of preventing that these currents are injected
into the building is to use isolated air-termination systems
which ensure that the separation distance s is maintained.

Figure 5.1.8.1 shows partial lightning currents entering the
structure.

The different roof-mounted structures can be protected by
various types of isolated air- termination systems.

Air-termination rods

Small roof-mounted structures (e.g. small fans) can be protect-
ed by individual air-termination rods or a combination of sev-
eral air-termination rods. Air-termination rods up to a height
of 2.0 m can be fixed by means of one or two concrete bases
piled on top of each other (e.g. Part No. 102 010) so that they
are isolated (Figure 5.1.8.2).
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Angled supports are a practical so-
lution when air- termination rods
also have to be protected against
the effects of side winds (Figures
5.1.8.4 and 5.1.8.5).

If higher air-termination rods
are required, e.g. for larger roof-
mounted structures where noth-
ing can be fixed, these air-termi-

direct connection
roof

T nation rods can be provided with
1stfloor el 4 .
special stands.
l- ‘ Self-supporting air-termination rods
ground floor . 111 - uptoa hgight of 14 m can be in-
data lines L stalled using a tripod. These stands

are fixed on the floor by means of
standard concrete bases (stacked

on top of each other). Additional
T supports are required for a free
basement (I height of 6 m and more in order to

T withstand the wind loads.

PP These self-supporting air-termi-
nation rods can be used for a
L wide range of applications (e.g.

antennas, PV systems). Their

Figure 5.1.8.1  Risk posed by directly connected roof-mounted structures advantage is the short instal-

lation time since no holes must

be drilled and only few elements

Air-termination rods with a height between 2.5 mand 3.0 m  need to be screwed together (Figures 5.1.8.6 and 5.1.8.7).
must be fixed at the object to be protected by means of

spacers made of electrically insulating material (e.g. DEHNiso Lightning protection masts are used to protect complete build-

spacer) (Figure 5.1.8.3). ings or installations (e.g. free field PV systems, ammunition

Figure 5.1.8.2 Isolated air-termination system — Protection by an Figure 5.1.8.3 Air-termination rod with spacer
air-termination rod
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Figure 5.1.8.4 Angled support for an air-termination rod

Sesemt1mil
Figure 5.1.8.5 Supporting element for an air-termination rod

Figure 5.1.8.6 Isolated air-termination system of a photovoltaic
system

depots) by means of air-termination rods. These masts are
installed in a bucket foundation or on-site concrete founda-
tion. A foundation basket is facotory-installed in the bucket
foundation or inserted into the concrete foundation on site.
Free heights of about 25 m above ground level or higher (cus-
tomised versions) can be achieved. The standard lengths of the
steel telescopic lightning protection masts are supplied in sec-
tions, thus offering enormous advantages for transport.
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Figure 5.1.8.7 Isolated air-termination system for roof-mounted
structures

Figure 5.1.8.8 Installation of a telescopic lightning protection mast
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More detailed information (e.g. installation, assembly) on
these steel telescopic lightning protection masts can be found
in installation instructions No. 1729 (Figures 5.1.8.8).

Spanned by cables or conductors

According to IEC 62305-3 (EN 62305-3), air-termination con-
ductors can be installed above the structure to be protected.
The air-termination conductors generate a tent-shaped pro-
tected volume at the sides and a cone-shaped protected vol-
ume at the ends. The protective angle a. depends on the class
of LPS and the height of the air-termination systems above the
reference plane.

Figure 5.1.8.9  Elevated air-termination system; source: Blitzschutz
Wettingfeld, Krefeld

o T i

Figure 5.1.8.10  Tripod for isolated supporting tubes
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Conductors or cables can also be dimensioned using the roll-
ing sphere method (radius of the rolling sphere according to
the class of LPS).

A meshed air-termination system can also be used if a suffi-
cient separation distance s is maintained between the parts of
the installation and the air-termination system. In such cases,
e.g. isolating spacers are vertically installed in concrete bases,
thus elevating the mesh (Figure 5.1.8.9).

DEHNiso Combi

The DEHNiso Combi portfolio offers a user-friendly way of in-
stalling conductors or cables according to the three different
design methods for air-termination systems (rolling sphere,
protective angle, mesh method).

The cables are led through aluminium supporting tubes with
an “insulating clearance” (GRP - glass-fibre reinforced plas-
tic), which are fixed on the object to be protected or in a tripod.
Subsequently, they are routed separately to the down conduc-
tors or air-termination systems (e.g. mesh) by means of GRP

spacers.

Figure 5.1.8.12  Rail fixing clamp for DEHNiso Combi supporting tube
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Figure 5.1.8.13  Isolated air-termination system with DEHNiso Combi

More detailed information on the application of DEHNiso
Combi can be found in brochure DS151/E and in installation
instructions No. 1475.

The methods described above can be combined with each
other as required to adapt the isolated air-termination system
to the local conditions (Figures 5.1.8.10 to 5.1.8.13).

5.1.9 Air-termination system for steeples and
churches

External lightning protection system

According to section 18.1 of Supplement 2 of the German
DIN EN 62305-3 standard, a lightning protection system ac-
cording to class of LPS Ill meets the standard requirements
for churches and steeples. In individual cases, for example in
case of structures of great cultural importance, a separate risk
analysis must be carried out in accordance with IEC 62305-2
(EN 62305-2).

Nave

According to section 18.5 of Supplement 2 of the German
DIN EN 62305-3 standard, the nave must be equipped with
a separate lightning protection system and, if a steeple is at-
tached, this system must be connected with a down conductor
of the steeple along the shortest possible route. In the transept,
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down-conductor

Figure 5.1.9.1

Installation of the down conductor on a steeple

each end of the air-termination conductor along the transverse
ridge must be equipped with a down conductor.

Steeple

Steeples up to a height of 20 m must be equipped with a down
conductor. If the steeple and the nave are joined, this down
conductor must be connected to the external lightning pro-
tection system of the nave along the shortest possible route
(Figure 5.1.9.1). If the down conductor of the steeple crosses
a down conductor of the nave, a common down conductor
can be used at this point. According to section 18.3 of Supple-
ment 2 of the German DIN EN 62305-3 standard, steeples with
a height of more than 20 m must be provided with at least two
down conductors. At least one of these down conductors must
be connected with the external lightning protection system of
the nave along the shortest possible route.

Down conductors on steeples must be routed to the ground
along the outer surface of the steeple. Installation inside
the steeple is not allowed (Supplement 2 of the German
DIN EN 62305-3 standard). Furthermore, the separation dis-
tance s from metal parts and electrical installations in the stee-
ple (e.g. clock mechanisms, belfry) and underneath the roof
(e.g. air-conditioning, ventilation and heating systems) must
be maintained by a suitable arrangement of the external light-
ning protection system. The necessary separation distance can
be a problem especially at the church clock. In this case, the
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conductive connection into the building can be replaced by an
insulating joint (e.g. a GRP tube) to prevent hazardous spark-
ing in parts of the external lightning protection system.

In more modern churches made of reinforced concrete, the re-
inforcing steels can be used as down conductors if they have
a permanently conductive connection. If pre-cast reinforced
concrete parts are used, the reinforcement may be used as a
down conductor if connection points are provided on the pre-
cast concrete parts to continuously connect the reinforcement.

According to the Supplement 2 of the German DIN EN 62305-3
standard, lightning equipotential bonding/surge protection
of the electrical equipment (power installation, telephone and
loudspeaker system, etc.) is implemented at the entrance point
into the building and for the bell controller in the steeple and
at the control system.

5.1.10 Air-termination systems for wind
turbines

Lightning protection

The continuous further development of modern wind turbines
with tower heights of more than 100 m considerably increases
the risk of lightning strikes to a wind turbine. Moreover, the
value of wind turbines is increased as a result of the higher
generator outputs. Due to the global use of wind turbines, this
technology is increasingly used in areas with a high lightning
activity. At these heights, fire caused by lightning effects can
rarely be extinguished by means of conventional fire-fighting
equipment.

International standards follow this trend. The IEC 61400-24
(EN 61400-24) standard (Wind turbines: Lightning protection)
requires class of LPS | and therefore, wind turbines must be
designed for lightning currents of 200,000 A.

Principle of an external lightning protection system
for wind turbines

An external lightning protection system consists of air-termi-
nation systems, down conductors and an earth-termination
system and protects against mechanical destruction and fire.
Since lightning typically strikes the rotor blades of wind tur-
bines, e.g. receptors are integrated in the rotor blades to pro-
vide defined points of strike (Figure 5.1.10.1).

In order to discharge the injected lightning currents to earth
in a controlled way, the receptors in the rotor blades are con-
nected to the hub via a metal connecting cable (flat strip,
St/tZn, 30 mm x 3.5 mm, or copper cable, 50 mm?). Carbon
fibre brushes or spark gaps in air bridge the ball bearings in
the head of the nacelle to avoid welding of the rotating struc-
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tural parts. In order to protect structures on the nacelle such
as anemometers in the event of a lightning strike, air-termi-
nation rods or “air-termination cages” are installed (Figure
5.1.10.2).

The metal tower or, in case of a prestressed concrete tower,
round wires (St/tZn, @ 8 ...10 mm) or flat strips (St/tZn, 30 mm x
3.5 mm) embedded in the concrete are used as a down conduc-
tor. The wind turbine is earthed by means of a foundation earth
electrode in the tower base and the meshed connection to the
foundation earth electrode of the operations building or other
wind turbines. This creates an “equipotential surface” which
prevents potential differences in the event of a lightning strike.

receptor

wire mesh

! {
oy |

4
- 1

Figure 5.1.10.1  Wind turbine with integrated receptors in the rotor

blades

Figure 5.1.10.2  Lightning protection for the anemometers of a wind
turbine
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Figure 5.1.11.1  Protection against direct lightning strikes by means
of self-supporting air-termination rods

5.1.11 Air-termination rods subjected to wind
loads

Roofs are used as areas for technical equipment. Especially
when extending the technical equipment in the building, ex-
tensive installations are sited on the roofs of large office and
industrial buildings. In this case, it is essential to protect the
different roof-mounted structures such as air-conditioning and
cooling systems, antennas of cell sites on rented buildings,

Max. height of the building

Class Radius of the Mesh

of LPS rollingsphere(r) size (M)

| 20m 5x5m
Il 30m 10x10m
1] 45m 15x15m
v 60 m 20x20 m

lamps, smoke extraction systems and other equipment con-
nected to the electrical low-voltage system (Figure 5.1.11.1).

In accordance with the relevant lightning protection standards
of the IEC 62305 (EN 62305) series, these roof-mounted struc-
tures can be protected from direct lightning strikes by means
of isolated air-termination systems. To this end, both the air-
termination systems such as air-termination rods, air-termina-
tion tips or air-termination meshes and the down conductors
are isolated, in other words they have a sufficient separation
distance from the roof-mounted structures located in the pro-
tected volume. The installation of an isolated lightning protec-
tion system creates a volume protected against direct lightning
strikes and also prevents partial lightning currents from en-
tering the building. This is important because sensitive electri-
cal/electronic equipment can be interfered with or destroyed
by the injected partial lightning currents.

Extended roof-mounted structures are also equipped with a
system of isolated air-termination systems. These are connect-
ed with each other and with the earth-termination system. The
size of the protected volume depends e.g. on the number and
height of the air-termination systems installed.

A single air-termination rod is sufficient to provide protec-
tion for small roof-mounted structures. To this end, the rolling
sphere method in accordance with IEC 62305-3 (EN 62305-3)
is used (Figure 5.1.11.2).

With the rolling sphere method, a rolling sphere whose radius
depends on the class of LPS selected is rolled in all possible
directions on and over the structure to be protected. During
this procedure, the rolling sphere may only touch the ground
(reference plane) and/or the air-termination system.

mesh size M

air-termination rod
down conductor

protective angle

Figure 5.1.11.2  Procedure for installing air-termination systems according to IEC 62305-3 (EN 62305-3)
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air-termination

wind zone 1
wind zone 2
wind zone 3

wind zone 4

rod with air-
termination tip

Figure 5.1.11.3  Self-supporting air-termina-
tion rod with hinged tripod

This method creates a protected volume where direct lightning
strikes cannot occur.

To achieve the largest possible protected volume or to protect
large roof-mounted structures against direct lightning strikes,
individual air-termination rods of sufficient height should be
installed. To prevent self-supporting air-termination rods from
tilting and breaking, a suitable base and additional braces are
required (Figure 5.1.11.3).

However, the requirement that the self-supporting air-termina-
tion rods should be as high as possible leads to a higher stress
resulting from the wind loads. At the same time, a lightweight
“self-supporting air-termination rod” is required to facilitate
transport and installation. The stability of air-termination rods
must be verified to ensure safe use on roofs.

Stress caused by wind loads

Since self-supporting air-termination rods are installed at ex-
posed locations (e.g. on roofs), mechanical stress occurs similar
to the stress on radio towers due to the comparable place of in-
stallation and wind speeds. Isolated air-termination rods must
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Figure 5.1.11.4  Division of Germany into wind zones; source: DIN EN 1991-1-4/NA:
Actions on structures — Part 1-4: General actions —Wind actions

therefore basically meet the same requirements concerning
their mechanical stability as set out in EN 1993-3-1, Eurocode 3:
Design of steel structures — Part 3-1: Towers, masts and chim-
neys — Towers and masts.

Germany is divided into four wind zones (Figure 5.1.11.4).
When calculating the actual wind load stress to be expected,
apart from the zone-dependent wind load, the height of the
building and the local conditions (detached building in open
terrain or embedded in other buildings) must also be observed.
Figure 5.1.11.4 shows that about 95 % of Germany’s surface
area is situated in wind zones 1 and 2. Therefore, air-termi-
nation rods are generally designed for wind zone 2. The use
of self-supporting air-termination rods in wind zones 3 and 4
must be examined for each individual case to take into account
the stresses which arise.

When designing self-supporting air-termination rods, the follow-
ing requirements must be met with regard to the wind load stress:

® Tilt resistance of the air-termination rods
= Bending resistance of the rods
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= The required separation distance from the object to be pro-
tected must be maintained even under wind load (preven-
tion of intolerable bending)

Determination of the tilt resistance

The wind forces acting on the areas of the air-termination
rod that are exposed to wind generate a line load g’ on the
surface which generates a corresponding tilting moment M;
on the self-supporting air-termination rod. To ensure stability
of the self-supporting air-termination rod, a load torque M,
generated by the post must counteract the tilting moment My.
The magnitude of the load torque M, depends on the stand-
ing weight and the radius of the post. If the tilting moment is
greater than the load torque, the air-termination rod falls over
due to the wind load.

The stability of self-supporting air-termination rods is proven in
static calculations. In addition to the mechanical characteristics
of the materials used, the following is included in the calculation:

=» Area of the air-termination rod exposed to wind
Determined by the length and diameter of the individual
sections of the air-termination rod.

» Area of the braces exposed to wind

Extremely high self-supporting air-termination rods are sta-
bilised with three braces which are mounted equidistantly
around the circumference. The area of these braces that is
exposed to wind is equal to the area of these braces pro-
jected onto a plane at a right angle to the direction of the
wind, in other words the brace lengths are shortened ac-
cordingly in the calculation.

» Weight of the air-termination rod and braces
The own weight of the air-termination rod and the braces
are taken into account when calculating the load torque.

» Weight of the post
The post is a tripod loaded with concrete blocks. The weight
of this post consists of the own weight of the tripod and the
individual weights of the concrete blocks.

=» Tilt lever of the post
The tilt lever describes the shortest distance between the
centre of the tripod and the line or point around which the
whole system would tilt.

Stability is proven by comparing the following moments:

=» Tilting moment
Formed by the wind-load-dependent force on the air-termi-
nation rod, braces and the lever arm of the air-termination
rod.

» Load torque
Formed by the weight of the post, the weight of the air-
termination rod and braces, and the length of the tilt lever
related to the tripod.
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Stability is achieved when the ratio between the load torque
and the tilting moment is > 1. The following rule applies: The
greater the ratio between the load torque and the tilting mo-
ment, the greater is the stability.

The required stability can be achieved as follows:

= |n order to keep the area of the air-termination rod that is
exposed to wind small, the cross-sections used have to be
as small as possible. The load on the air-termination rod is
reduced, but, at the same time, the mechanical stability of
the air-termination rod decreases (risk of breakage). It is
therefore vital to make a compromise between the smallest
possible cross-section to reduce the wind load and the larg-
est possible cross-section to achieve the required stability.

= The stability can be increased by using larger standing
weights and/or larger post radii. This often conflicts with
the limited installation space and the general requirement
for a low weight and easy transport.

Implementation

In order to provide the smallest possible area exposed to wind,
the cross-sections of the air-termination rods were optimised
according to the results of the calculation. To facilitate trans-
port and installation, the air-termination rod consists of an
aluminium tube (separable, if required) and an aluminium air-
termination rod. The post for the air-termination rod is hinged
and is available in two sizes. Thus, roof pitches up to 10° can
be compensated.

Determination of the break resistance

Not only the stability, but also the break resistance of the air-
termination rod must be verified since the wind load exerts
bending stress on the self-supporting air-termination rod. The
bending stress must not exceed the maximum permissible
stress and increases if longer air-termination rods are used.
The air-termination rods must be designed to ensure that wind
loads which can arise in wind zone 2 cannot cause permanent
deformation of the rods.

Since both the exact geometry of the air-termination rod and
the non-linear performance of the materials used must be
taken into account, the break resistance of self-supporting
air-termination rods is verified by means of an FEM calcula-
tion model. The finite elements method (FEM) is a numerical
calculation method for calculating stress and deformation of
complex geometrical structures. The structure under examina-
tion is divided into so-called “finite elements” using imaginary
surfaces and lines and these “finite element” are intercon-
nected via nodes.

The following information is required for calculation:

=® FEM calculation model
The FEM calculation model corresponds in a simplified form
to the geometry of the self-supporting air-termination rod.
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» Material characteristics
The performance of the material is determined by the cross-
sectional values, modulus of elasticity, density and lateral
contraction.

» Loads
The wind load is applied to the geometric model in the form
of a pressure load.

The break resistance is determined by comparing the permis-
sible bending stress (material property) and the maximum
bending stress (calculated from the bending moment and the
effective cross-section at the point of maximum stress).

Break resistance is achieved if the ratio between the permis-
sible and the actual bending stress is > 1. Basically, the same
also applies in this case: The greater the ratio between the
permissible and the actual bending stress, the greater is the
break resistance.

The FEM calculation model was used to calculate the actual
bending moments for two air-termination rods (length = 8.5 m)
with and without braces as a function of their height (Figure
5.1.11.5). This clearly shows the impact of the braces on the
moments. While the maximum bending moment for the air-
termination rod without brace is about 1270 Nm in the clamp-
ing point, the bending moment for the air-termination rod with
brace is reduced to about 460 Nm. This brace allows to reduce
the stress in the air-termination rod to such an extent that, for
the maximum expected wind loads, the strength of the materi-
als used is not exceeded and the air-termination rod is not
destroyed.

height of the air-termination rad [m_

height of the ai-tesmination rod |m_
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Figure 5.1.11.5  Comparison of the bending moments of self-
supporting air-termination rods with and without
braces (length = 8.5 m)
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Figure 5.1.11.6  FEM model of a self-supporting air-termination rod

without brace (length = 8.5 m)

Implementation

Braces create an additional “supporting point” which signifi-
cantly reduces the bending stress in the air-termination rod.
Without additional braces, the air-termination rods would not
withstand the stress of wind zone 2. Therefore, air-termination
rods higher than 6 m are equipped with braces.

In addition to the bending moments, the FEM calculation also
provides the stress in the braces whose stability must also be
proven.

Determination of the wind-load-dependent
deflection of the air-termination rod

A further important value to be calculated by means of the
FEM model is the deflection of the tip of the air-termination
rod. Air-termination rods are deflected by wind loads. This de-
flection changes the volume to be protected. Objects requir-
ing protection are no longer located in the protected volume
and/or proximities can no longer be maintained.

Figures 5.1.11.6 and 5.1.11.7 show the use of the calcula-
tion model for a self-supporting air-termination rod with and
without braces. In this example, the tip of the air-termination
rod with brace is displaced by approximately 1150 mm. With-
out brace there would be a deflection of about 3740 mm, a
theoretical value which exceeds the breaking limit of the air-
termination rod under consideration.

Implementation

Above a certain rod height, additional braces significantly re-
duce this defection and the bending stress on the rod.
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Figure 5.1.11.7  FEM model of a self-supporting air-termination rod
with brace (length = 8.5 m)

The tilt resistance, break resistance and deflection are the de-
cisive factors for designing air-termination rods. The post and
air-termination rod must be coordinated to ensure that the
stress resulting from the wind speed according to wind zone 2
do not cause tilting of the rod and/or damage it.

It must be observed that large deflections of the air-termina-
tion rod reduce the separation distance and thus intolerable
proximities can occur. Higher air-termination rods require addi-
tional braces to prevent such intolerable deflections of the tips
of air-termination rods. The measures described above ensure
that self-supporting air-termination rods can withstand wind
speeds of wind zone 2 when used for their intended purpose.

5.1.12 Safety systems and lightning
protection

Service and maintenance work is regularly carried out on the
roof surfaces of industrial and commercial buildings. But also
e.g. cleaning work on gutters and light strips involves a risk of
falling. Therefore, it is quite common today that particularly
flat-roofed industrial buildings are equipped with safety rope
systems. The service personnel can only be hooked into the
personal protective equipment (PPE) of the safety rope system
(Figure 5.1.12.1) or protected from falling by anchor points.
The advantage of a safety rope system over an anchor point is
that operators can walk along the rope by hooking the rope
guide/rope slide into the safety rope system. Anchoring to the
next fixed anchor point is not required. This increases safety at
work and the acceptance of such a system.
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Figure 5.1.12.1

Safety rope system used on a flat roof

Two different trades, namely the installation of the safety rope
system and the installation of the lightning protection system,
meet on the roof which must be coordinated at the intersection
of these two trades. With respect to personal safety, it can even
be dangerous if two different tradesmen work on an “unknown”
system. Each of them should work independently and compe-
tently and observe the warranty obligation of the other party
involved. Therefore, only specialised companies should install
safety rope systems and qualified lightning protection special-
ists should work on external lightning protection systems.
Safety rope systems are prone to lightning strikes since they
are installed about 30 m above a common air-termination
mesh. Therefore, many manufacturers of safety rope systems
point out in their installation instructions that safety rope sys-
tems must be checked for lightning strikes and thus possible
melting of metal resulting from the injection of lightning cur-
rents during their annual inspection. The Central Association
of the German Roofing Trade (ZVDH) and the Committee for
Lightning Protection and Research (ABB) at the VDE has pub-
lished a bulletin in German language (Roof and wall-mounted
external lightning protection systems).

Incorrect installation: Safety rope system intersects
the air-termination system

Figure 5.1.12.2
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Figure 5.1.12.3  Integration of the safety rope system (fall protection) in the air-termination system

tightening torque tightening torque
1xM10,20 Nm 2 xM6,5Nm

Incorrect installation

Figure 5.1.12.2 shows a negative example which unfortu-
nately can often be found in practice today. This safety rope
system was positioned above the lightning protection system.
It is also questionable whether the conventional connecting
clamp for contacting the safety rope system used in this ex-
ample is capable of carrying lightning currents. The cable used
to connect the safety rope system and the meshed network
is very short. If a person falls from the roof, the safety rope
system can be lowered up to 1 m to compensate the fall. The
too short connecting cable shown in Figure 5.1.12.2 would

n Safety rope system (stainless steel)
Intermediate support/support point
Connection set, safety rope system with
n Terminal lug, connection of the safety rope system and
H Clamping frame, connection to the air-termination system
I Roof conductor holder

Figure 5.1.12.5 Installation example: Connecting set for safety rope systems
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break and considerably affect the compensation effect in case
of a fall. This is impermissible.

Lightning protection

The rope of the safety rope system is part of a personal safety
system and must not be used as an air-termination system!
If lightning current is injected into the safety rope system,
the rope may be damaged by melting (reduced rope cross-
section/reduced resistance). Therefore, the safety rope system
must be integrated in the external lightning protection system.
Figures 5.1.12.3 and 5.1.12.4 show the basic principle.
The safety rope system is located in the protected volume of
the air-termination rods. To implement equipotential bonding,
an electrically safe connection is established at the intersec-
tions between the safety rope system and the lower air-termi-
nation mesh.

These connections must be capable of carrying lightning cur-
rents and must be established correctly according to the rel-
evant cable diameter. They must also be designed in such a
way that they are not crossed by the rope guide/rope slide.
The connection set from DEHN specifically developed for this
safety rope system provides the required lightning current car-
rying connection to an existing external lightning protection
system. The personal protective equipment does not have to
be unhooked, thus ensuring permanent fall protection. Figure
5.1.12.5 shows an example of a correct installation. The rope
connecting clamp/terminal lug is designed in such a way that
the rope guide/rope slide of the safety rope system can be
passed over the connection without unhooking it. The entire
connection set, which forms the connection between the rope
system and the meshed network of the external lightning pro-
tection system, is positioned to ensure that the rope length
can be lowered up to 1 m if a person falls and the connection
does not break. To this purpose, the connection set must be
provided with a longer connecting cable.

5.2 Down conductors

The down conductor is the electrically conductive connection
between the air-termination system and the earth-termination
system. The function of a down conductor is to conduct the
intercepted lightning current to the earth-termination system
without damaging the building e.g. due to intolerable tem-
perature rises.

To avoid damage caused during the lightning current discharge
to the earth-termination system, the down conductors must be
mounted to ensure that from the point of strike to the earth,

= Several parallel current paths exist,

= The length of the current paths is kept as short as possible
(straight, vertical, no loops),
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=» The connections to conductive parts of the structure are
made wherever required.

5.2.1 Determination of the number of down
conductors

The number of down conductors depends on the perimeter of
the external edges of the roof (perimeter of the projection onto
the ground surface). The down conductors must be arranged
to ensure that, starting at the corners of the structure, they are
distributed as uniformly as possible to the perimeter.
Depending on the structural conditions (e.g. gates, precast
components), the distances between the various down con-
ductors can be different. In each case, there must be at least
the total number of down conductors required for the respec-
tive class of LPS.

The IEC 62305-3 (EN 62305-3) standard specifies typical dis-
tances between down conductors and ring conductors for each
class of LPS (Table 5.2.1.1).

The exact number of down conductors can only be determined
by calculating the separation distance s. If the calculated sepa-
ration distance cannot be maintained for the intended number
of down conductors of a structure, one way of meeting this
requirement is to increase the number of down conductors. The
parallel current paths improve the partitioning coefficient k..
This measure reduces the current in the down conductors and
the required separation distance can be maintained.

Natural components of the structure (e.g. reinforced concrete
supports, steel frameworks) can also be used as down conduc-
tors if continuous electrical conductivity can be ensured.

By interconnecting the down conductors at ground level (base
conductor) and using ring conductors for higher structures, it is
possible to balance the lightning current distribution which, in
turn, reduces the separation distance s.

The latest IEC 62305 (EN 62305) series attaches great signifi-
cance to the separation distance. The measures specified allow
to reduce the separation distance for structures and thus the
lightning current can be safely discharged.

| 10 m
I 10m
I} 15m
\Y 20 m

Distances between down conductors according to
IEC 62305-3 (EN 62305-3)

Table 5.2.1.1
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If these measures are not sufficient to maintain the required
separation distance, high voltage-resistant, insulated conduc-
tors (HVI Conductors) can also be used as an alternative. These
are described in chapter 5.2.4.

Chapter 5.6 describes how to exactly determine the separation
distance.

5.2.2 Down conductors for a non-isolated
lightning protection system

Down conductors are primarily mounted directly onto the
building (without separation distance). The reason for install-
ing them directly onto the structure is the temperature rise in
the event of lightning striking the lightning protection system.
If the wall is made of flame-resistant or normally inflammable
material, the down conductors may be installed directly on or
in the wall.

Owing to the specifications in the building regulations of the
German federal states, highly combustible materials are gener-
ally not used. This means that down conductors can usually be
mounted directly on the building.

Wood with a density greater than 400 kg/m? and a thickness
greater than 2 mm is considered to be normally inflammable.
Thus, the down conductor can be directly mounted on wooden
poles, for example.

If the wall is made of highly combustible material, the down
conductors can be directly installed on the surface of the wall
provided that the temperature rise when lightning currents
flow through them is not dangerous.

Table 5.2.2.1 shows the maximum temperature rise AT in K
of the various conductors for each class of LPS. These values
mean that it is generally allowed to install down conductors
underneath the heat insulation because these temperature
rises do not present a fire risk to the insulation materials. This
also ensures fire retardation.

When installing the down conductor in or underneath a heat
insulation, the temperature rise (on the surface) is reduced if

an additional PVC sheath or PVC-sheathed aluminium wire is
used.

If the wall is made of highly combustible material and the tem-
perature rise of the down conductors presents a hazard, the
down conductors must be mounted in such a way that the
distance between the down conductors and the wall is greater
than 0.1 m. The fixing elements may touch the wall. The in-
staller of the structure must specify whether the wall on which
a down conductor is to be installed is made of combustible
material.

In Germany the terms flame-resistant, normally inflammable
and highly combustible are exactly defined in Annex E.101
of Supplement 1 of the DIN EN 62305-3 (VDE 0185-305-3)
standard.

5.2.2.1 Installation of down conductors

The down conductors must be arranged in such a way that
they are the direct continuation of the air-termination conduc-
tors. They must be installed vertically in a straight line so that
they represent the shortest most direct connection to earth.
Loops, e.g. on projecting eaves or structures, must be avoid-
ed. If this is not possible, the distance measured where two
points of a down conductor are closest and the length | of the
down conductor between these points must fulfil the require-
ments on the separation distance s (Figure 5.2.2.1.1). The
separation distance s is calculated by means of the total length
I=l+1+1.

Down conductors must not be installed in gutters and down-
pipes, even if they are incorporated into an insulating material
since the moisture in the gutters would cause corrosion of the
down conductors.

If an aluminium down conductor is used, it must neither be
installed directly (without separation distance) on, in or under
plaster, mortar or concrete nor in the ground. If it is equipped
with a PVC sheath, aluminium can be installed in mortar, plas-
ter or concrete if it is ensured that the sheath will not be me-
chanically damaged and the insulation will not break at low
temperatures.

Class of LPS

Aluminium Iron Copper Stainless steel (V4A)

I+ 1v 1l | m+iv 1 | i+ 1v ] | 1+ 1v Il |

16 146 454 * 1120 * * 56 143 309 * * *
50 8 mm 12 28 52 37 96 211 5 12 22 190 460 940
78  10mm 4 9 17 15 34 66 3 5 9 78 174 310

* melting/vaporisation
Table 5.2.2.1  Maximum temperature rise AT in K of different conductor materials
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Figure 5.2.2.1.1 Loop in the down conductor

It is recommended to mount down conductors in such a way
that the required separation distance s is maintained from all
doors and windows (Figure 5.2.2.1.2).

Metal gutters must be connected with the down conductors at
the points where they intersect (Figure 5.2.2.1.3).

The base of metal downpipes must be connected to the equi-
potential bonding or earth-termination system, even if the
downpipe is not used as a down conductor. Since it is connect-
ed to the lightning current carrying gutter, the downpipe also
carries a part of the lightning current which must be diverted
to the earth- termination system. Figure 5.2.2.1.4 illustrates
a possible design.

5.2.2.2 Natural components of a down
conductor

When using natural components of the structure as a down
conductor, the number of separately installed down conduc-
tors can be reduced or, in some cases, no separately installed
down conductors are required.

The following parts of a structure can be used as natural com-
ponents of the down conductor:

» Metal installations

These components can be used as natural down conductors
provided that the various parts are safely connected on a
permanent basis and their dimensions meet the minimum
requirements for down conductors. These metal installa-
tions may also be incorporated into insulating material.
It is not permitted to use pipelines containing flammable
or explosive materials as down conductors if the seals in
the flanges/ couplings are non-metallic or the flanges/cou-
plings of the connected pipes are not conductively con-
nected in any other way.

» Metal framework of the structure
If the metal framework of steel frame structures or the in-
terconnected reinforcing steel of the structure is used as
a down conductor, ring conductors are not required since
additional ring conductors would not improve the splitting
of the current.

Connection must be
as short as possible,

straight and vertical as a down conductor

Only soldered or riveted
downpipes may be used

Figure 5.2.2.1.2  Down conductors
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Figure 5.2.2.1.3 Air-termination system
connected to the gutter

St5t wire —

Figure 5.2.2.1.4 Earth connection of a
downpipe
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expansion joint

N\

Fixed earthing terminal
Part No. 478 200

Bridging braid
Part No. 377 115

Figure 5.2.2.2.1 Use of natural components — New buildings made

of ready-mix concrete

Figure 5.2.2.2.3 Earth connection of a metal
facade along a downpipe

» Interconnected reinforcement of the structure

The reinforcement of existing structures cannot be used
as a natural component of the down conductor unless the
reinforcement is safely interconnected. Separate external
down conductors must be installed.

Precast parts

Precast parts must be designed to provide connection
points for the reinforcement. They must have a conductive
connection between all connection points. The individual

Figure 5.2.2.2.4 Down conductor installed

=
3

Bridging braid
Part No. 377 015

l vertical box section
wall mounting

F’ l bracket

el

Figure 5.2.2.2.2 Metal substructure, conductively bridged

Figure 5.2.2.3.1 Test joint with number plate

» Facade elements, DIN rails and metal sub-struc-

tures of facades

These components can be used as natural down conduc-
tors provided that the dimensions meet the requirements
for down conductors (5.6.2 of IEC 62305-3 (EN 62305-3))
and that the thickness is at least 0.5 mm for sheet metal
and metal pipes and their conductivity in the vertical di-
rection meets the requirements of 5.5.3 of IEC 62305-3
(EN 62305-3).

Note: In case of prestressed concrete, the particular risk of
possible impermissible mechanical effects due to the lightning

components must be interconnected on site during instal-
lation (Figure 5.2.2.2.1).
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current and resulting from the connection to the lightning pro-
tection system must be observed.

Connections to prestressing bars or cables must only be ef-
fected outside the stressed area. The permission of the installer
of the structure must be given before using prestressing bars
or cables as a down conductor.

If the reinforcement of existing structures is not safely inter-
connected, it cannot be used as a down conductor. In this case,
external down conductors must be installed.

Furthermore, facade elements, DIN rails and metal sub-struc-
tures of facades can be used as a natural down conductor pro-
vided that:

= The dimensions meet the minimum requirements for down
conductors. For sheet metal, the thickness must not be less
than 0.5 mm. Their electrical conductivity in the vertical di-
rection must be ensured. If metal facades are used as a
down conductor, they must be interconnected to ensure
that the individual sheet metal plates are safely intercon-
nected by means of screws, rivets or bridging connections.
There must be a safe current carrying connection to the
air-termination and earth-termination system.

= |f sheet metal plates are not interconnected in accordance
with the above requirement, but the substructure is such
that they are continuously conductive from the connec-
tion to the air-termination system to the connection on the
earth-termination system, they can be used as a down con-
ductor (Figures 5.2.2.2.2 and 5.2.2.2.3).

Metal downpipes can be used as natural down conductors
as long as they are safely interconnected (soldered or riveted
joints) and have a minimum wall thickness of 0.5 mm (Figure
5.2.2.1.2).

If a downpipe is not safely intercon-
nected, it can be used as a holder for
the supplementary down conductor.
This type of application is illustrated in
Figure 5.2.2.2.4. The downpipe must
be connected to the earth-termination
system in such a way that it can carry
lightning currents since the conductor is
only connected to the pipe.

5.2.2.3 Test joints

A test joint must be provided at every
connection of a down conductor to the
earth-termination system (above the
earth entry, if practicable).
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heat insulation

timber formwork

Test joints are required to facilitate the inspection of the fol-
lowing characteristics of the lightning protection system:

®» Connections of the down conductors via the air-termina-
tion systems to the next down conductor

= Interconnections of the terminal lugs via the earth-termi-
nation system, e.g. in case of ring or foundation earth elec-
trodes (type B earth electrodes)

= Earth resistances of single earth electrodes (type A earth
electrodes)

Test joints are not required if the structural design (e.g. rein-
forced concrete or steel frame structure) allows no electrical
isolation of the natural down conductor from the earth-termi-
nation system (e.g. foundation earth electrode). The test joint
may only be opened with the help of a tool for measurement
purposes, otherwise it must be closed. Each test joint must be
clearly identifiable in the plan of the lightning protection sys-
tem. Typically, all test joints are marked with numbers (Figure
5.2.2.3.1).

5.2.2.4 Internal down conductors

If the edges of the building (length and width) are four times
as large as the distance of the down conductors according to
the class of LPS, supplementary internal down conductors must
be installed (Figure 5.2.2.4.1). The grid dimensions for the
internal down conductors are about 40 m x 40 m.

Large flat-roofed structures such as large production halls or dis-
tribution centres frequently require internal down conductors. In
such cases, the ducts through the surface of the roof should be
installed by a roofer since he is responsible for rain safety.

roof bushing

roofing |—separation

E distance s

A

internal down
conductor

metal structure

If the separation distance is too small, the conductive parts of the building
structure must be connected to the air-termination system. The effects
of the currents must be taken into account.

Figure 5.2.2.4.1 Air-termination system for large roofs — Internal down conductors
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Figure 5.2.2.5.1 Down-conductor systems for courtyards

The effects of partial lightning currents flowing through inter-
nal down conductors within the structure must be taken into
account. When designing the internal lightning protection
system, the resulting electromagnetic field in the vicinity of
the down conductors must be considered (observe injection to
electrical / electronic systems).

5.2.2.5 Courtyards

Structures with enclosed courtyards with a perimeter of more
than 30 m require down conductors with the distances shown
in Table 5.2.1.1 (Figure 5.2.2.5.1).

Down conductors of an isolated exter-
nal lightning protection system

If an air-termination system consists of air-termination rods
on isolated masts (or one mast), they assume the function of
an air-termination system and down conductor system at the
same time (Figure 5.2.3.1). Each individual mast must be fit-
ted with at least one down conductor. Steel masts or masts
with interconnected reinforcing steel require no additional
down conductors. For aesthetic reasons, a metal flag pole, for
example, can also be used as an air-termination system.

5.2.3

|| o

Figure 5.2.3.1 Air-termination masts isolated
from the building
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Figure 5.2.3.2  Air-termination masts
spanned with cables

The separation distance s between the air-termination and
down-conductor systems and the structure must be main-
tained. If the air-termination system consists of one or more
spanned wires or cables, each cable end on which the conduc-
tors are fixed requires at least one down conductor (Figure
5.2.3.2).

If the air-termination system forms an intermeshed network
of conductors, i.e. the individual spanned wires or cables are
interconnected to form a mesh (cross-linked), there must be
at least one down conductor on each cable end on which the
conductors are fixed (Figure 5.2.3.3).

5.2.4 High voltage-resistant, insulated down
conductor — HVI Conductor

The main function of an external lightning protection system
is to intercept a lightning strike according to the principle of
Benjamin Franklin, discharge it along the building and safely
conduct it to the ground. To prevent dangerous flashover be-
tween the parts of the external lightning protection system
and conductive parts inside the structure (electrical/ electronic
equipment, pipes, ventilation ducts, etc.) resulting from a di-
rect lightning strike, it is imperative to maintain the separation
distance s when designing and installing a lightning protection
system.

The separation distance s is calculated according to section 6.3
of the IEC 62305-3 (EN 62305-3) standard.

However, it is often impractical to keep the separation distance
in new and existing structures. For aesthetic reasons, modern
architecture often does not allow to use GRP spacers to lead
the down conductor to the ground. In modern industrial plants,
the roof is often the last installation level for equipment such
as ventilation and air-conditioning systems, antennas, differ-
ent pipe systems and cable ladders. In this context, it is im-
perative to observe lightning protection systems and maintain
the necessary separation distances. Direct lightning strikes
to structures protruding above the roof can be prevented if
air-termination systems dimensioned according to the rolling

’ mechanical fixing ’

Figure 5.2.3.3 Air-termination masts spanned
with cross-linked cables
(meshes)
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sphere method are ideally positioned. These structures are
typically connected to the technical equipment of the building.
Discharging the lightning current to earth while maintaining
a sufficient separation distance s and ensuring the aesthetical
appearance of the building is a special challenge. HVI (High
Voltage Insulation) Conductors are an ideal solution.

Separation distance

The calculation of the separation distance forms the basis for
the decision whether and which HVI Conductor can be used for
the installation. Consequently, the design of an isolated light-
ning protection system is based on the separation distance. To
be able to take adequate protection measures, the separation
distance must be already calculated at the design stage. Chap-
ter 5.6 gives a detailed description of the different calculation
options for determining the separation distance. The absolute
conductor lengths are decisive for calculating the separation
distance particularly in case of HVI Conductors. According to
IEC 62305-3 (EN 62305-3), the separation distance s for pre-
venting uncontrolled flashover is calculated as follows:

LA
§= .
k
m
s separation distance
ki depends on the selected class of LPS

ke depends on the lightning current flowing through the
down conductors

K depends on the material of the electrical insulation

I length along the air-termination system or down con-
ductor in metres from the point where the separation
distance is supposed to be determined to the next
equipotential bonding or earthing point

The separation distance is determined by means of the length
(I) of the down conductor, the class of LPS (k;), the distribution
of the lightning current to different down conductors (k.) and
the material factor (k).

Design and functional principle of HVI Conductors
The basic principle of a high-voltage-resistant, insulated down
conductor is that a lightning current carrying conductor is
covered with insulating material to ensure that the required
separation distance s from other conductive parts of the build-
ing structure, electrical lines and pipelines is maintained. In
principle, a high-voltage-resistant, insulated down conductor
must fulfil the following requirements if it is used to prevent
impermissible proximities:

= Sufficient electric strength of the insulation in case of light-

ning voltage impulses along the entire HVI Conductor

‘@‘ www.dehn-international.com

= Prevention of creeping discharge

= Sufficient current carrying capability thanks to a sufficient
cross-sectional area of the down conductor

= Lightning current carrying connection of the down conduc-
tor to the air-termination system (air-termination rod, air-
termination conductor, etc.)

= Connection to the earth-termination or equipotential bond-
ing system
If certain high-voltage boundary conditions are fulfilled, the
separation distance s can be maintained by covering the
down conductor with insulating materials with a high electric
strength. However, possible creeping discharge must be pre-
vented! This problem cannot be solved by using a conductor
which is covered with insulating materials only.
Creeping discharge near proximities (e.g. between earthed
metal conductor holders and the feed point), which may lead
to an overall flashover at the surface over great conductor
lengths, already occurs in case of relatively low impulse volt-
ages.
Areas where insulating material, metal (at high voltage poten-
tial or earthed) and air coincide are critical points where creep-
ing discharge may occur. This environment is highly stressed
since creeping discharge can arise and the electric strength can
be significantly reduced. Creeping discharge is to be expect-
ed when normal components of the electric field strength E
(vertical to the surface of the insulating material) exceed the
creeping discharge inception voltage and tangential field com-
ponents (in parallel to the surface of the insulating material)
accelerate the propagation of the creeping discharge (Figure
5.2.4.1).

inner
conductor

insulation

TN

proximity

Figure 5.2.4.1 Formation of a creeping discharge at an insulated

down conductor without special sheath
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connection to the
air-termination system

sealing end range

injection of lightning =
impulse current — O,

semiconductive
sheath

inner conductor

high-voltage-

resistant insulation connection to the equi-

potential bonding system

Figure 5.2.4.2  Components of a HVI Conductor

The creeping discharge inception voltage defines the resist-
ance of the entire insulation arrangement and has a lightning
impulse voltage between 250 and 300 kV for such arrange-
ments.

Coaxial cables with semi-conductive sheath

The specifically developed single-conductor coaxial cable
(HVI Conductor) allows to prevent creeping discharge and to
safely discharge the lightning current to the ground (Figure
5.2.4.2).

Insulated down conductors with field control via a semi-
conductive sheath prevent creeping discharge by specifically
influencing the electric field in the sealing end range. Thus, the
lightning current is led into the special cable and is safely dis-
charged while maintaining the necessary separation distance s.
It must be observed that the magnetic field surrounding the
current carrying inner conductor is not interfered with.

A specially adapted sealing end range of the conductor was
created by optimising the field control. The length of this seal-

semiconductive sheath
(resistance to creeping voltage)

insulating material
(electric strength)

copper inner
conductor

ing end range depends on the type of HVI Conductor. This spe-
cial sealing end begins at the feed point (connection to the air-
termination system) and ends with the equipotential bonding
connection element at a defined distance (Figure 5.2.4.3).

Based on the necessary separation distance s, the maximum
conductor length L. of such an insulated down conductor
can be calculated as follows:

L t — k’m -8
max ki ) kc

Types of HVI Conductors

HVI Conductors were adapted to meet the constantly growing
requirements on the installation environment. Three types of
HVI Conductors are available:

= HVI light Conductor, DEHNcon-H

= HVI Conductor, HVI long Conductor

= HVI power Conductor

Each of these types of HVI Conductors (Figure 5.2.4.4) has
different thicknesses and characteristics and thus different
installation requirements. HVI Conductors are available with
black and grey sheath. The additional grey sheath allows a
more aesthetical installation of the HVI Conductor on the rel-

evant building. The most important parameters of the different
HVI Conductors are listed in Table 5.2.4.1.

HVI Conductors fulfil the requirements of the IEC 62561-2

(EN 62561-2) standard. In the following, the different types of
HVI Conductors will be described in detail.

field line

head piece

Figure 5.2.4.3  Functional principle sealing end/field control
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EB connection
element
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s in case

of solid

material

HVI light Conductor, $s<045m s<09m
DEHNcon-H,

HVI Conductor, s<075m s<15m
HVI long Conductor

HVI power Conductor,

HVI power long Conductor SEURIM | S51em

Table 5.2.4.1  Parameters of a HVI Conductor

HVI light Conductor (s < 0.45 m in air, s <0.9 m

in case of solid material)

Irrespective of the hazard of possible lightning strikes, pipe-
lines, electrical and information technology systems as well as
PV systems are spread at a large scale across the roof surface.
Due to this installation situation and the dimensions of the
building, it is almost impractical to maintain the separation
distance by means of non-insulated conductors. However,
according to the standard, it is imperative to consistently in-
termesh the air-termination system while maintaining the
separation distances.

HVI light Conductor HVI long Conductor HVI power Conductor

Figure 5.2.4.4 Different types of HVI Conductors

Figure 5.2.4.5 Protection of a PV system by means of a HVI light
Conductor
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Length of Cross-section Outer Bending
the seal- of the inner diameter radius
ing end conductor (Cu)
<12m 19 mm? Grey20mm =200 mm
Black20 mm =200 mm
2 =
S 19 mm Grey23mm =230 mm
Black 27 mm =270 mm
5 =
S 25 mm Grey30mm =300 mm

The HVI light Conductor is a system for maintaining the sepa-
ration distance in case of intermeshed air-termination systems
on flat roofs. The high-voltage-resistant insulation of the HVI
light Conductor prevents uncontrolled flashover e.g. through
the roofing to metal or electric parts underneath it.

This system significantly differs from the standard HVI Conduc-
tor due to the fact that no direct connection (no sealing end)
to the functional equipotential bonding system of the build-
ing must be established. The HVI light Conductor (adjustment
range) is connected at the lower part of the supporting tube by
means of metal conductor holders, thus facilitating installation
(Figure 5.2.4.5).

It is equally important that the real conductor lengths of the
HVI light Conductor are used to calculate the separation dis-
tance. In this context, the conductor length at the supporting
tube up to the connecting plate (connection to the air-termina-
tion rod) must also be observed.

DEHNcon-H (s < 0.45 m in air, s < 0.9 m in case of solid
material)

Particularly in residential and low buildings, it can be problem-
atic to install bare, uninsulated conductors due to proximities.
In this case, it is mostly impractical to consistently maintain the
necessary separation distances. In addition to the IEC 62305
(EN 62305) lightning protection standard, the IEC 60728-11
(EN 60728-11) standard, which requires that radio towers
should be separately integrated in the lightning protection
system of buildings, if possible, provides information on sepa-
ration distances. The DEHNcon-H Conductor is ideally suited
for this purpose.

Depending on field of application, two types of DEHNcon-H
Conductors (pre-assembled) are available:

= DEHNcon-H, HVI light Conductor |
=® DEHNcon-H, HVI light Conductor IlI

DEHNcon-H, HVI light Conductor | is used if the air-termination
system is directly connected to the earth-termination sys-
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Figure 5.2.4.6  Connection of DEHNcon-H (HVI light Conductor I)
to the earth-termination system

Figure 5.2.4.7 Protection of a residential building by means of
DEHNcon-H (HVI light Conductor I11)

Figure 5.2.4.8 Protection of a biomethane plant by means of a HVI
Conductor |
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tem of the building (Figure 5.2.4.6). DEHNcon-H, HVI light
Conductor IIl with a sealing end that must be established on
site is used if the air-termination system is to be connected
to other parts (e.g. connection to the eaves). The separation
distance at the connection point is s < 0.175 m in air or is
s < 0.35 in case of solid material (Figure 5.2.4.7).

HVI Conductor (s < 0.75 m in air, s < 1.5 m in case of
solid material)

The standard HVI Conductor offers a wide range of installation
options. For example, it protects large roof-mounted structures,
antennas and masts including information technology equip-
ment against direct lightning strikes. Moreover, this conduc-
tor can be routed up to the earth-termination system. If this
is not required, it can be connected to existing conventional
lightning protection systems (elevated/isolated ring conduc-
tor). Depending on the field of application, two types (pre-
assembled) are available:

= HVI Conductor |
® HVI Conductor Ill

HVI Conductor | is used if the air-termination system of the
external lightning protection system is directly connected to
the earth-termination system of the building (Figure 5.2.4.8).
HVI Conductor Il with a fixed sealing end and a sealing end to
be established on site is typically used where the total length
cannot be exactly determined at the design stage. It is also
used if e.g. several parts of the structure to be protected are
jointly connected to the earth-termination system of the build-
ing via an elevated/isolated ring conductor (Figure 5.2.4.9).

Connection to the equipotential bonding system of the build-
ing (functional equipotential bonding) is required to establish
the sealing end of the HVI Conductor.

HVI long Conductor (s = 0.75 m in air, s = 1.5 m in case
of solid material)

Due to unknown and constantly changing building situations,
the exact lengths of HVI Conductors for new buildings or build-
ings in need of renovation can frequently not be determined at
the design stage of a lightning protection system. Therefore,
the HVI long Conductor can be assembled on site and is avail-
able on a reel with a length of 100 m. The installer determines
the lengths, strips the conductor and fixes the sealing ends
on site.

Connection to the equipotential bonding system of the build-

ing (functional equipotential bonding) is required to establish
the sealing end of the HVI long Conductor.
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HVI power Conductor (s = 0.9 min air, s < 1.8 min
case of solid material)

The HVI power Conductor is the most powerful type of high-
voltage-resistant, insulated HVI Conductors. Compared to the
standard HVI Conductor, an equivalent separation distance of
0.9 min air and 1.8 m in case of solid material can be main-
tained. The HVI power Conductor and the associated compo-
nents are tested for a lightning current carrying capability up
t0 200 kA (10/350 ps) and can therefore be used for all classes
of LPS (I-1V).

This type of conductor is particularly installed for buildings
such as hospitals, data centres and silos where large separa-
tion distances must be maintained due to the building dimen-
sions (heights). Moreover, it allows larger conductor lengths to
the earth-termination system (Figure 5.2.4.10).

The conductor is installed in the supporting tube. An integrated
spring contact automatically establishes functional equipoten-
tial bonding for the sealing end. The supporting tube must be
connected to the functional equipotential bonding system of
the structure.

Functional principle of the sealing end

High impulse voltages cause flashover at the surfaces of insu-
lating material if no additional measures are taken. This effect
is also known as creeping flashover. If the creeping discharge
inception voltage is exceeded, a surface discharge is initiated
which can easily flash over a distance of several metres. To
prevent creeping discharge, HVI Conductors feature a special
outer sheath which allows to discharge high lightning impulse
voltages to a reference potential. For functional reasons, a con-
nection is established in the sealing end range between the
semiconductive outer sheath and the equipotential bonding
system of the building (no lightning voltage). This connection
to the equipotential bonding system can made e.g. on earthed
metal roof-mounted structures located in the protected vol-
ume of the lightning protection system, earthed parts of the
building structure/radio towers that do not carry lightning
voltage or the protective conductor of the low-voltage system.
Figure 5.2.4.3 shows the functional principle of field control
via the semiconductive sheath of the HVI Conductor.

No conductive or earthed parts such as metal conductor hold-
ers, structural parts or reinforcements may be installed in
the sealing end range (area between the head piece and the
equipotential bonding connection element). Figure 5.2.4.11
shows the separation distance s in the form of a cylinder.

Installation of the connection elements

Black and grey HVI Conductors are available. When installing
the connection elements of HVI Conductors, it is important
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Figure 5.2.4.9 Installation of a HVI Conductor Il with sealing end

. = i

Figure 5.2.4.10  Installation of a HVI power Conductor
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HVI power
Conductor —f
sealing
end range
e.g. antenna
supporting tube with

air-termination rod

Figure 5.2.4.11

Sealing end range

Figure 5.2.4.12  HVI strip stripping tool

that the high-voltage-resistant insulation is stripped correctly.
User-friendly tools are available for this purpose.

If the grey HVI Conductor (exception: HVI light Conductor) is
used, the grey sheath must be removed by about 65 mm with-
out damaging the black sheath of the conductor underneath
it. After that, the outer sheath and the PE insulation are easily
and safely stripped by 35 mm using the HVI strip tool (Figure
5.2.4.12) which ensures that the copper conductor under-
neath them is not damaged.
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The connection element is then screwed onto the conductor.
It is fixed by means of two threaded pins and is electrically
contacted. Finally, a self-adhesive heat-shrinkable sleeve is ap-
plied to the conductor by means of a hot air blower. This heat-
shrinkable sleeve provides additional mechanical protection
and protects the conductor end from the ingress of moisture,
thus preventing corrosion of the inner copper conductor.

Installation of the EB connection element

EB connection elements must be installed depending on the
type of HVI Conductor, installation conditions and sealing end
length according to the separation distance. More detailed
information can be found in the relevant installation instruc-
tions.

If a grey HVI Conductor is used, the additional grey sheath
must be removed to contact the semiconductive sheath un-
derneath it. After that, the EB connection element can be in-
stalled.

Use of HVI Conductors for protecting roof-mounted
structures

Metal and electrical roof-mounted structures protrude from
the roof level and are exposed to lightning strikes. Due to
conductive connections into the structure via pipes, ventila-
tion ducts and electrical lines, partial lightning currents may be
injected into the structure.

The injection of partial lightning currents into the structure is
prevented by connecting an isolated air-termination system to
the insulated down conductor which ensures that the entire
electrical / metal equipment protruding from the roof is located
in the protected volume. The lightning current is led past the
structure to be protected and is distributed via the earth-ter-
mination system.

Installation of HVI Conductors in facades

It is often a special challenge to inconspicuously integrate a
down conductor while maintaining the required separation
distance s. In the past, this was achieved by using a round wire
which was fixed by DEHNiso spacers. This horizontal distance
is often not acceptable although it was required from a techni-
cal point of view. HVI Conductors can be directly installed on
or in facades and thus open up different design possibilities.
This innovative technology combines functionality and design
and therefore is an important aspect of modern architecture.
HVI Conductors allow to easily discharge the lightning current
to the earth-termination system without having to maintain
distances from metal and electrical parts.

Use of HVI Conductors for transceivers

Cell sites are often installed on rented roof space. The cell site
operator and the building owner usually agree that the instal-
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Figure 5.2.4.13

lation of the cell site must not present an additional risk for
the building.

For the lightning protection system this means that no partial
lightning currents may enter the building in case of a lightning
strike to the radio tower since partial lightning currents inside
the building would threaten the electrical and electronic de-
vices.

For this reason, the radio tower must be installed in conjunc-
tion with an isolated air-termination system and an insulated
down conductor (Figure 5.2.4.13). Thanks to this structure
which is fixed at the antenna standpipe, areas exposed to wind
are kept to a minimum (HVI Conductor integrated in the sup-
porting tube) and additional mechanical stress on the antenna
standpipe is minimised (Figure 5.2.4.14).

Use of HVI Conductors for thatched roof

Due to their specific fire load, thatched and soft roofs pose a
special challenge for installing a lightning protection system.
If these highly flammable materials are used, separation dis-
tances must be maintained from these objects. HVI Conduc-
tors are also suited for installation on soft roofs. Uncontrolled
flashover to installations is prevented since the lightning cur-
rent is separately conducted to the earth-termination system.
In addition, this solution meets architectural requirements. For
more detailed information on thatched roofs, please refer to
chapter 5.1.5.
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Integration of an antenna in an existing lightning protection system by means of a HVI Conductor

Figure 5.2.4.14  HVI Conductor installed on a radio tower
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Use of HVI Conductors for installations with a risk of
explosion

Lightning strikes to or near structures and incoming supply
lines can damage the structure itself or persons and equipment
therein and can also affect and influence the immediate vicin-
ity. There is a particularly high risk when processing flamma-
ble substances such as gas, vapour, mist or dust which, when
mixed with air, can form an ignitable atmosphere and cause
an explosion in combination with an ignition source. From a
lightning protection point of view, more detailed information
is required on this topic to ensure proper installation of protec-
tion systems.

According to the German Ordinance on Industrial Safety and
Health (BetrSichV), the operator must create an explosion pro-
tection document where the potential risks resulting from the
persistence and expansion of explosive atmospheres are as-
sessed and defined in an Ex zone plan. The following Ex zones
are distinguished:

Zone 0  Place in which an explosive atmosphere consisting
of a mixture of air and flammable substances in the
form of gas, vapour or mist is present continuously,

for long periods or frequently

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 occa-

sionally in normal operation

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

Zone 20 Place in which an explosive atmosphere, in the form
of a cloud of combustible dust in air, is present con-
tinuously, for long periods or frequently

Zone21 Place in which an explosive atmosphere, in the form
of a cloud of combustible dust in air, is likely to occur

in normal operation occasionally

Zone 22 Place in which an explosive atmosphere, in the form
of a cloud of combustible dust in air, is not likely to
occur in normal operation but, if it does occur, will
persist for a short period only

The division of the relevant structure into Ex zones allows to
identify possible ignition sources. In EN 1127-1 or the Ger-
man TRBS 2152-3, lightning is defined as ignition source in
an explosive atmosphere. If lightning strikes an explosive at-
mosphere, it is ignited. High currents flow away from the point
of strike and may generate sparks along the discharge path.
Lightning-related ignition sources are, for example:

= Melting at the point of strike
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® Heating of discharge paths

= Uncontrolled flashover if the separation distance is not
maintained

= Induced voltages in cables and lines

= Lightning strikes to lines entering potentially explosive at-
mospheres

If lightning protection systems are installed on or in a structure
for which potentially explosive atmospheres (zones) are de-
fined, they must meet the requirements of the relevant zones.
The division into zones which is required for this purpose is in-
cluded in the explosion protection document according to the
German Ordinance on Industrial Safety and Health. In Ex sys-
tems with Ex zone 2 and 22, explosive atmospheres are only
to be expected in rare and unpredictable cases. “Persistence of
an ignitable explosive atmosphere” in these zones and a light-
ning strike rarely occur at the same time. Therefore, intercep-
tion of lightning strikes (lightning strikes to the air-termination
system) is permitted in these zones. Nevertheless, uncontrolled
flashover resulting from the fact that the separation distance
is not maintained and heating of the discharge paths are not
acceptable/allowed in all Ex zones.

Electrical isolation of the lightning protection system from con-
ductive parts of the building structure and insulation with re-
spect to the electrical lines in the building prevents flashover and
thus dangerous sparking in potentially explosive atmospheres.
The HVI Conductor allows to maintain the separation distance
and prevents impermissible heating of the discharge paths.
In the high-voltage-resistant, insulated down conductor, the
lightning current is directly conducted to the earth-termination
system without causing flashover. The HVI Conductor can be
directly installed next to metal parts of the building structure
or electrotechnical systems (Figure 5.2.4.15).

Figure 5.2.4.15  HVI Conductor installed on a gas pressure control
and measurement system
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Part No. 275 441
(distance of 200 mm)

Figure 5.2.4.16  Version for use in hazardous areas 1, metal facade

If lightning currents flow through the HVI Conductor, a po-
tential arises at the outer semiconductive sheath due to the
low-power capacitive displacement current at remote earthing
points. The shorter the distance between the special conductor
holders (functional equipotential bonding) and the semicon-
ductive sheath, the lower is this potential. If these installation
instructions are observed when installing the HVI Conductor in
Ex zones 1 and 2 or 21 and 22, discharge (sparking) is prevent-
ed when lightning current flows through the HVI Conductor.
However, the effects of the lightning electromagnetic impulse
are not reduced. Two examples of how to install HVI Conduc-
tors can be found in Figures 5.2.4.16 and 5.2.4.17.

Use of HVI Conductors for biogas plants

When planning lightning protection measures for a biogas
plant, an integrated lightning protection concept must be cre-
ated. In this context, particularly the protection of fermenters,
post-fermenters and fermentation tanks, which typically form
round containers with a large diameter, poses a challenge. A
dome (membrane) made of rubber-like material is mostly lo-
cated on top of a fermenter. Due to the diameter and height of
the fermenter with membrane, extremely high air-termination
systems must be installed to protect the entire fermenter from
direct lightning strikes. As an alternative to telescopic light-
ning protection masts, which are installed next to a fermenter
with an adequate foundation, air-termination masts with HVI
Conductors can be directly installed on the fermenter (Figure
5.2.4.18). These air-termination masts with integrated HVI
Conductor can be installed up to a free length < 8.5 m.

The air-termination mast can be equipped with one or two HVI
Conductors. The number of conductors to be installed depends
on the effective conductor length and separation distance.
Since the HVI Conductors may have to be installed in explosive
areas, the outer sheath of the second conductor must be ad-
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Conductor holder
for HVI Conductors —
HVI Ex W70 holder,
Part No. 275 440
(distance of 70 mm)

Figure 5.2.4.17  Version for use in hazardous areas 2, metal fagade

Figure 5.2.4.18  Protection of a biogas fermenter by means of a
HVI Conductor

ditionally connected to the equipotential bonding system at a
distance < 1000 mm. More detailed information can be found
in the relevant installation instructions.

5.3 Materials and minimum dimen-
sions for air-termination and down
conductors

Table 5.3.1 gives the minimum cross-sectional area, configu-
ration and material of air-termination systems.

These requirements result from the ability of the materials to
electrically conduct the lightning current (temperature rise)
and the mechanical stress when in use.

When using a round wire with a diameter of 8 mm as an air-
termination tip, a maximum free height of 0.5 m is permitted. The
maximum free height of a round wire with a diameter of 10 mm
is 1 m.
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Note: According to Table 8 of IEC 62305-3 (EN 62305-3), the
minimum cross-sectional area for a connecting cable between
two equipotential bonding bars is 16 mm? (copper).

Configuration | Cross-sectional
area in [mm?]

Solid tape 50
Copper, Solid round 50
tin-plated copper  Stranded 50
Solid round ¢ 176
Solid tape 70
Aluminium Solid round 50
Stranded 50
Solid tape 50
. Solid round 50
Aluminium alloy
Stranded 50
Solid round 176
Copp.e ! ey Solid round 50
aluminium alloy
Solid tape 50
Hot-dipped Solid round 50
galvanised steel Stranded 50
Solid round ¢ 176
Solid round 50
Copper-coated steel -
Solid tape 50
Solid tape @ 50
; Solid round 9 50
Stainless steel
Stranded 50
Solid round © 176

&

Mechanical and electrical properties as well as corrosion re-
sistance properties must meet the requirements of the future
IEC 62561 series.

b 50 mm? (diameter of 8 mm) may be reduced to 25 mm? in
certain applications where the mechanical strength is not an
essential requirement. In this case, consideration should be
given to reduce the spacing between the fasteners.

9 Applicable for air-termination rods and earth entry rods. For
air-termination rods where mechanical stress such as wind load
is not critical, an at least 1 m long rod with a diameter of
9.5 mm may be used.

9 |f thermal and mechanical considerations are important, these

values should be increased to 75 mm?.

Table 5.3.1  Material, configuration and minimum cross-sectional
area of air-termination conductors, air-termination rods,
earth entry rods and down conductors? according to

Table 6 of IEC 62305-3 (EN 62305-3)
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Tests with a PVC-insulated copper conductor and an impulse
current of 100 kA (10/350 ps) revealed a temperature rise of
56 K. Thus, e.g. a copper cable NYY 1 x 16 mm? can be used as
a down conductor or as an aboveground and buried connect-
ing cable. This has been normal installation practice for years,
for example when installing down conductors underneath a
facade.

This is also pointed out in section 5.6.2 of Supplement 1 of the
German DIN EN 62305-3 standard.

5.4 Mounting dimensions for air-
termination systems and down
conductors

The following dimensions (Figure 5.4.1) have proven to be
successful in practice and are mainly due to the mechanical
forces acting on the components of the external lightning pro-
tection system.

These mechanical forces occur not as a result of the electrody-
namic forces produced by the lightning currents, but as a result
of the compressive and tensile forces, e.g. due to temperature-
related changes in length, wind loads or snow loads.

The maximum distance of 1.2 m between the conductor hold-
ers primarily refers to St/tZn (relatively rigid). For aluminium,
distances of maximum 1 m have proven themselves in practice.

Figures 5.4.1 and 5.4.2 show the mounting dimensions for
an external lightning protection system recommended by the
IEC 62305-3 (EN 62305-3) standard. Wherever practical, the
separation distance s from windows, doors and other aper-
tures should be maintained when installing down conductors.
Figure 5.4.3 shows the use of a down conductor on a flat
roof.

Other important mounting dimensions can be found in Fig-
ures 5.4.3 to 5.4.5.

Surface earth electrodes (e.g. ring earth electrodes) are in-
stalled around the building at a depth > 0.5 m and about 1 m
away from the structure (Figure 5.4.4).

The earth entry rods or connectors of foundation earth elec-
trodes (ring earth electrodes) must be protected against cor-
rosion. Measures such as anticorrosive tapes or PVC-sheathed
wires must be taken at least 0.3 m above and below the turf
(earth entry) (Figure 5.4.5). In many cases, it is easier to use
terminal lugs made of stainless steel (V4A). Concrete-encased
fixed earthing terminals made of stainless steel (V4A) are an
aesthetically acceptable and corrosion-free connection possi-
bility.

The terminal lug for equipotential bonding inside the building
must also be protected against corrosion in moist and wet rooms.
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Figure 5.4.1
ing with a sloped tiled roof

building

>0.5m

Figure 5.4.3  Application on a flat roof

Provided that no particularly aggressive environmental influ-
ences must be taken into account, the material combinations
(air-termination systems, down conductors and structural
parts) according to Table 5.4.1 have proven to be successful
in practice. These values are empirical values.

5.4.1 Changes in length of metal wires

The temperature-related changes in length of air-termination
systems and down conductors are often underestimated in
practice.
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Examples (details) of an external lightning protection system installed on a build-

Figure 5.4.4 Dimensions for ring earth
electrodes

e=~02m
appropriate
distance

~03m

1.5m

Figure 5.4.2  Air-termination rod for a
chimney

corrosion
protection

Figure 5.4.5 Points threatened by cor-
rosion

In many cases, older regulations and stipulations generally rec-
ommended to install an expansion piece approximately every
20 m. This recommendation was based on the use of steel
wires which used to be the usual and sole material. The higher
coefficients of linear expansion of stainless steel, copper and
especially aluminium were not taken into account.

In the course of the year, temperature changes of 100 K must
be expected on and around the roof. The resulting changes
in length for the different metal wire materials are shown in
Table 5.4.1.1. It can be seen that the temperature-related
change in length between steel and aluminium differs by a
factor of 2.
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In practice, the requirements shown in Table 5.4.1.2 apply to
expansion pieces.

When using expansion pieces, it must be observed that they
provide flexible length compensation. It is not sufficient to
bend the metal wires into an S shape since these manually
installed “expansion pieces” are not sufficiently flexible.
When connecting air-termination systems, for example to
metal cappings of the roof parapet surrounding the edges of

roofs, it should be ensured that there is a flexible connection
by means of suitable components or other measures. If this
flexible connection is not made, there is a risk that the metal
capping of the roof parapet will be damaged by the tempera-
ture-related change in length.

To compensate for the temperature-related changes in length
of the air-termination conductors, expansion pieces must be
used for length compensation (Figure 5.4.1.1).

Steel (Zn) | Aluminium | _ Copper | stst(van) | Titanium | Tin |
yes yes no yes yes yes

yes yes no yes yes yes
no no yes yes no yes
yes yes yes yes yes yes
yes yes no yes yes yes
yes yes yes yes yes yes

Table 5.4.1  Material combinations

Coefficient of linear expansion a
L
10° K

AL
Calculation formula: AL=a - L - AT

Assumed temperature change on the roof: AT = 100 K

Steel 115 AL=115-10"- % . 1m-100K = 0.115¢m ~ 1.17™
K m
Stainless 16 AL=16-10" -~ .1m-100K = 0.16cm ~1.6 ™%
steel K m
Copper 17 AL=17-10" L . 1m 100K = 0.17cm ~ 1.7
K m
Aluminium 235 AL=235-10" %.m.moz( =0.235cm ~ 2.3
m
Table 5.4.1.1  Calculation of the temperature-related change in length AL of metal wires for lightning protection systems
Surface under the fixing of the air-termination system or down conductor | pjstance of
soft, e.g. flat roof with bitumen hard, e_xpan.rrion
or synthetic roof sheetings e.g. pantiles or brickwork pieces in m
° ~15
Steel
° <20
Stainless steel/ C =~ 10
Copper o <15
Aluminium ° o <10

Use of expansion pieces, if no other length compensation is provided

Table 5.4.1.2
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Expansion pieces in lightning protection — Recommended application
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5.4.2 External lightning protection system for
an industrial and residential building

Figure 5.4.2.1a shows the design of an external lightning
protection system for an industrial building and Figure
5.4.2.1b for a residential building with annexed garage.
These Figures and the Tables 5.4.2.1a and 5.4.2.1 b also
show examples of the components used today.
The necessary internal lightning protection measures such as
lightning equipotential bonding and surge protection (see also
chapter 6) are not taken into account.

< LF Particular attention is drawn to DEHN’s DEHNhold, DEHNsnap
Figure 5.4.1.1  Air-termination system — Expansion compensation and DEHNgrip portfolio of holders.
by means of a bridging braid

Figure 5.4.2.1a  External lightning protection system of an industrial building

[ Nolitem _______________JPartNofNolttem ________________|PartNo]
1

Stainless steel wire (@ 10 mm) StSt (V4A) 860010 7 Roof conductor holder for flat roofs 253 050
2 Earth entry rod set St/tZn 480 150 8  DEHNhold conductor holder 274160
3 Cross unit StSt (V4A) 319209 Elevated ring conductor
4 DEHNalu wire (9 8 mm) AlMgSi 840 008 9  with concrete base with adapted 102 340
B e Al 377015 base ?Iate and spacer StSt (V4A) 106 160
6 Air-termination rod with concrete AlMgSi 103 420 1 IDELTiECkpacey UGSz ] e UAY
base and adapted base plate 102340 11  Self-supporting air-termination rod 105 500

Table 5.4.2.1a  Components for the external lightning protection system of an industrial building
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Figure 5.4.2.1b  External lightning protection system of a residential building

1 DEHNalu wire, semi-rigid (& 8 mm) AlMgSi
DEHNalu wire, soft torsionable (@ 8 mm)  AIMgSi
) Steel strip (30 x 3.5 mm) St/tZn
Round wire (@ 10 mm) StSt (V4A)
Roof conductor holder St/tZn
for ridge and hip tiles StSt (V4A)
3 StSt (V4A)
StSt (V4A)
StSt (V4A)
StSt (V4A)
Roof conductor holder StSt (V4A)
for conductors on the roof surface StSt (V4A)
St/tZn
4 St/tZn
St/tZn
StSt (V4A)
St/tZn
DEHNsnap
5 DEHNgrip
DEHNhold conductor holder with plastic base
Conductor holder for thermal insulation
Gutter board clamp St/tZn
6 StSt (V4A)
St/tZn
StSt (V4A)
Table 5.4.2.1b
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840 008
840018

810335
860010

202 020
204 109
204 249
204 269
206 109
206 239

204 149
204179
202 010
202 050
202 080
206 209
206 309

204 006
207 009
274150
273740

339 050
339 059
339 060
339 069

7
8

10
"

12
13
14

15

16

St/tZn
StSt (V4A)

Snow guard clamp St/tZn

Downpipe clamp, adjustable for @ 60-150 mm
Downpipe clamp for any cross-section
KS connector for connecting conductors
KS connector

MV clamp

StSt (V4A)
MV clamp

Bridging bracket Al
Bridging braid Al
Earth entry rod (@ 16 mm)

complete

Rod holder with plastic base

Number plate for marking test joints

Parallel connector

Cross unit
SV clamp St/tZn

StSt (V4A)

Air-termination rod with forged lug
Air-termination rod, chamfered on both ends
Rod clamp

Components for the external lightning protection system of a residential building

390 050
390 059

343 000

423 020
423 200
301 000
301 009

390 051

377 006
377015

480 150
480 175

274 260

480 006
480 005

305 000
306 020
319201
308 220
308 229

100 100
483 100
380 020
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DEHNsnap
conductor holder

DEHNgrip
conductor holder

Figure 5.4.2.2 DEHNsnap and DEHNgrip conductor holders

The DEHNhold conductor holder is made of solid stainless steel
(V4A) and can be used for different materials such as Al, StSt
(V4A), St/tZn and Cu.

The DEHNsnap range of plastic holders (Figure 5.4.2.2) is a
basic component (roof and wall). The cap simply snaps in and
fixes the conductor in the holder, ensuring loose conductor
routing. The special snap-in mechanism does not mechanically
stress the fastener.

DEHNgrip (Figure 5.4.2.2) is a screwless stainless steel (V4A)
holder system. This system can be used as a roof and wall con-
ductor holder for conductors with a diameter of 8 mm. The
conductor is simply pressed in to fix it in the DEHNgrip (Figure
5.4.2.2).

5.4.3 Instructions for mounting roof conductor
holders

Ridge and hip tiles
The roof conductor holders are adjusted by means of a locking
screw to suit the dimensions of the ridge tile (Figure 5.4.3.1).

In addition, conductor holders allow to gradually adjust the
conductor routing from the top centre to the lower side (con-
ductor holder can be loosened by either turning the holder or
unscrewing the locking screw).
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=» SPANNsnap roof conductor holder with DEHNsnap plastic
conductor holder or DEHNgrip stainless steel (V4A) conduc-
tor holder (Figure 5.4.3.2). A stainless steel (V4A) tension
spring ensures permanent tension. Universal tensioning
range from 180 to 280 mm with laterally adjustable con-
ductor routing for 8 mm round conductors.

= FIRSTsnap conductor holder with DEHNsnap plastic con-
ductor holder to be fixed on existing ridge tile clips of dry
ridges (Figure 5.4.3.3).

The FIRSTsnap conductor holder is snapped on the ridge tile
clip of dry ridges and tightened by hand (only turn DEHNsnap).

Interlocking tiles, smooth tiles

UNIsnap roof conductor holders with pre-punched braces are
used for roof surfaces. The conductor holder is bent by hand
before it is hooked into the pantile (Figure 5.4.3.4).

Slated roofs
When used on slated roofs, the inner hook is bent (Figure
5.4.3.5) or provided with an additional clamping part (Part
No. 204 089).

Interlocking tiles

= FLEXIsnap roof conductor holders for interlocking tiles are
directly pressed on the seams (Figure 5.4.3.6). The flexible
stainless steel (V4A) brace is pushed between the interlock-
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Conductor holder with DEHN-
snap for ridge tiles

Figure 5.4.3.1

Figure 5.4.3.4  UNIsnap roof conductor holder with pre-punched brace —
Used on pantiles and smooth tiles (e.g. pantile roofs)

ing tiles. By pressing on the top interlocking tile, the stain-
less steel (V4A) brace is deformed and adapts itself to the
shape of the seam. Thus, it is tightly fixed under the tile.

= Roof conductor holders (Part No. 204 229) with preformed
brace are hooked into the lower seam of pantile roofs
(Figure 5.4.3.7).

Flat tiles or slabs

Together with the DEHNsnap conductor holder, the
ZIEGELsnap roof conductor holder is pushed between the flat
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Figure 5.4.3.2  SPANNsnap with DEHNsnap
plastic conductor holder

Figure 5.4.3.3  FIRSTsnap for mounting on
existing ridge clips

when used on slated roofs,
angle the inner hook

Figure 5.4.3.5 UNIsnap roof conductor holder with pre-punched
brace — Used on slated roofs

tiles (e.g. plain tiles) or slabs and is tightened by hand (only
turn DEHNsnap) (Figure 5.4.3.8).

Overlapped constructions

In case of overlapped constructions (e.g. slabs and natural
slate), the DEHNsnap conductor holder (Figure 5.4.3.9) is
snapped in from the side and fixed by means of a screw driver
when the holder is open.

In case of diagonally installed slabs, DEHNsnap can be turned
to ensure vertical conductor routing.
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lift tile lift tile

insert the holder 4~ insert the holder
underneath underneath

press on tile

press on tile

Figure 5.4.3.6  FLEXIsnap roof conductor holder for direct fitting Figure 5.4.3.7  Roof conductor holder for hanging into the lower
on the seams seam of pantile roofs
[l DEHNsnap N Il DEHNsnap
2,
B ziEGELsnap @] B PLATTENsnap
Tile (e.g. pantile) Se— 2 Overlapping construction

; p:L (e.g. natural slate)

Figure 5.4.3.8  ZIEGELsnap for fixing between flat tiles or slabs Figure 5.4.3.9 PLATTENsnap roof conductor holder for overlapping
constructions
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5.5 Earth-termination systems

A detailed description of the terms related to earth-termina-
tion systems can be found in IEC 62305-3 (EN 62305-3) “Pro-
tection against lightning — Physical damage to structures and
life hazard", IEC 61936-1 (EN 61936-1) and EN 50522 “Power
installations exceeding 1 kV" as well as IEC 60050-826 and
IEC 60364-5-54 (HD 60364-5-54) “Erection of power instal-
lations with nominal voltages up to 1000 V". In Germany,
DIN 18014 must be additionally observed for foundation earth
electrodes. In the following, only the terms are explained
which are required to understand this chapter.

Terms and definitions

Earth

is the conductive ground and the part of the earth in electrical
contact with an earth electrode whose electric potential is not
necessarily zero. The term “earth” also describes both a place
and a material, e.g. humus, loam, sand, gravel and rock.

Reference earth
(neutral earth) is the part of the earth, especially the surface of
the earth outside the area influenced by an earth electrode or

an earth-termination system, in which no perceptible voltages
arising from the earthing current occur between two arbitrary
points (Figure 5.5.1).

Earth electrode

is a conductive part or several conductive parts in electrical
contact with earth which provide(s) an electrical connection
with the earth (also foundation earth electrodes).

Earth-termination system

all conductively interconnected earth electrodes which are
physically separated or metal components acting as such (e.g.
reinforcements of concrete foundations, metal cable sheaths in
direct contact with earth).

Earthing conductor

is a conductor which connects a system part to be earthed to
an earth electrode and which is installed above the ground or
insulated in the ground.

Lightning protection earthing
earthing of a lightning protection system to discharge light-
ning currents to earth.

Earth potential

Touch voltage

Touch voltage without potential control

(at the foundation earth electrode)

Touch voltage with potential control
(foundation and control earth electrode)

Step voltage

Earth surface potential

Foundation earth electrode

Control earth electrode (ring earth electrode)

Ue

reference earth

T e Y

Figure 5.5.1
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B

Earth surface potential and voltages in case of a current carrying foundation earth electrode FE and control earth electrode CE
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Some types of earth electrodes and their classification accord-
ing to their location, shape and profile will be described below.

Classification according to the location
of earth electrodes

Surface earth electrode

is an earth electrode that is generally driven into the earth
at a depth up to 1 m. It can consist of round material or flat
strips and can be designed as a radial, ring or meshed earth
electrode or a combination thereof.

Earth rod

is an earth electrode that generally extends vertically into the
earth at great depths. It can consist of round material or mate-
rial with another profile, for example.

Foundation earth electrode
consists of one or several conductors embedded in concrete
which are in contact with earth over a large area.

Control earth electrode

is an earth electrode whose shape and arrangement serve
more to control the potential than to maintain a certain earth
resistance.

Ring earth electrode
earth electrode that forms a closed ring around the structure
underneath or on the surface of the earth.

Natural earth electrode

is a metal part in contact with earth or with water either direct-
ly or via concrete which is originally not intended for earthing
purposes, but which acts as an earth electrode (reinforcements
of concrete foundations, pipes, etc.).

Classification according to the shape and profile
of earth electrodes

A distinction is made between strip earth electrodes, crossed
earth electrodes and earth rods.

Types of resistance

Earth resistivity

pe is the electric resistivity of the earth. It is specified in Qm
and represents the resistance of an earth cube with 1 m long
edges between two opposite sides of the cube.

Earth resistance
Ra of an earth electrode is the resistance of the earth between
the earth electrode and reference earth. Ry is practically an
effective resistance.
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Conventional earthing impedance
R is the resistance as lightning currents flow from one point
of an earth-termination system to reference earth.

Voltages in case of current carrying earth-
termination systems, potential control

Earth potential
Ug is the voltage occurring between an earth-termination sys-
tem and reference earth (Figure 5.5.1).

Earth surface potential
@ is the voltage between one point of the surface of the earth
and reference earth (Figure 5.5.1).

Touch voltage

Ug is the part of the earth surface potential which can be
bridged by persons (Figure 5.5.1), the current path via the
human body running from hand to foot (horizontal distance
from the touchable part of about 1 m) or from one hand to
the other.

Step voltage

Us is the part of the earth surface potential which can be
bridged by persons taking one step of 1 m, the current path via
the human body running from one foot to the other (Figure
5.5.1).

Potential control
is the influence of earth electrodes on the earth potential, par-
ticularly on the earth surface potential (Figure 5.5.1).

Equipotential bonding

for lightning protection systems is the connection of metal in-
stallations and electrical systems to the lightning protection
system via conductors, lightning current arresters or isolating
spark gaps.

Earth resistance/earth resistivity

Earth resistance R,

The lightning current is not conducted to earth at one point via
the earth electrode, but rather energises a certain area around
the earth electrode.

The shape of the earth electrode and type of installation must
be chosen to ensure that the voltages influencing the surface
of the earth (touch and step voltages) do not assume hazard-
ous values.

The earth resistance R, of an earth electrode is best explained
with the help of a metal sphere buried in the ground.

If the sphere is buried deep enough, the current discharges
radially so that it is uniformly distributed over the surface of
the sphere. Figure 5.5.2a illustrates this case; in comparison,
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equipotential lines

a) Spherical earth electrode
deep in the ground

b) Spherical earth electrode
close to the earth surface

Figure 5.5.2  Current flowing out of a spherical earth electrode

Figure 5.5.2b shows a sphere buried directly below the sur-
face of the earth.

The concentric circles around the surface of the sphere represent
a surface of equal voltage. The earth resistance R, consists of
partial resistances of individual sphere layers connected in se-
ries. The resistance of such a sphere layer is calculated as follows:

[
R=p, —

q
where
PE is the earth resistivity of the ground, assuming it is

homogeneous,

I is the thickness of an assumed sphere layer and
q is the centre surface of this sphere layer

To illustrate this, we assume a metal sphere with a diameter of
20 cm buried at a depth of 3 m in case of an earth resistivity
of 200 Qm.

If the increase in earth resistance is calculated for the different
sphere layers, a curve as shown in Figure 5.5.3 as a function
of the distance from the centre of the sphere is achieved.

The earth resistance Ry for the spherical earth electrode is cal-
culated as follows:

T
14+ £
A
21, 2
PE Earth resistivity in Qm
t Burial depth in cm
I Radius of the spherical earth electrode in cm

This formula results in an earth resistance R, = 161 Q for the
spherical earth electrode.

120 LIGHTNING PROTECTION GUIDE

The curve in Figure 5.5.3 shows that the largest portion of
the total earth resistance occurs in the immediate vicinity of
the earth electrode. For example, at a distance of 5 m from the
centre of the sphere, 90 % of the total earth resistance Ry has
already been achieved.

Earth resistivity pg

The earth resistivity pg, which is decisive for the magnitude of
the earth resistance R, of an earth electrode, depends on the
soil composition, moisture in the soil and the temperature. It
can fluctuate within wide limits.

Values for various types of soil
Figure 5.5.4 shows the fluctuation ranges of the earth resis-
tivity pg for various types of soil.

Seasonal fluctuations

Extensive measurements have shown that the earth resistiv-
ity varies greatly depending on the burial depth of the earth
electrode. Owing to the negative temperature coefficient of
the ground (o = 0.02 to 0.004), the earth resistivity reaches a
maximum in winter and a minimum in summer. It is therefore
advisable to convert the measured values obtained from earth
electrodes to the maximum prospective values since the per-
missible values must not be exceeded even under unfavour-
able conditions (very low temperatures).

The curve of the earth resistivity pg as a function of the time
of year (ground temperature) can be represented to a good
approximation by a sine curve which has its maximum in mid-
February and its minimum in mid-August. Investigations have
also shown that, for earth electrodes buried not deeper than

160 ~|----------m - approx.
(g 90 %

120 T
100
80 T
60 T
40
20T

Earth resistance Ry (Q)

1 2 3 4 5
Distance x (m)

Figure 5.5.3  Earth resistance R, of a spherical earth electrode with

20 cm, 3 m deep, at pg = 200 Qm as a function of the
distance x from the centre of the sphere
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Concrete

Boggy soil, turf

Farmland, loam

Humid sandy soil

Dry sandy soil

Rocky soil

Gravel

Lime

River/lake water

Sea water

0.1 1 10

Figure 5.5.4 Earth resistivity pg in case of different types of soil

about 1.5 m, the maximum deviation of the earth resistivity
from the average value is about +30 % (Figure 5.5.5).

If earth electrodes (particularly earth rods) are buried deeper,
the fluctuation is only £10 %. From the sine-shaped curve of

+pein %

burial depth < 1.5 m

301

burial depth > 1.5 m
20+
10

Jun Jul Aug Sep Oct No%
0 ' ' ' ' ' ' 1

101 Jan Feb Mar Apr May Dec
201
301
- PE in %

Figure 5.5.5 Earth resistivity pg as a function of the time of year
without precipitation effects (burial depth of the earth
electrode < 1.5 m)

measuring
device

Figure 5.5.6 Determination of the earth resistivity pg by means of a
four-terminal measuring method (WENNER method)
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100 1000

10000 pg in Qm

the earth resistivity in Figure 5.5.5, the earth resistance R, of
an earth-termination system measured on a particular day can
be converted to the maximum value to be expected.

Measurement

The earth resistivity pg is determined using an earthing meas-
uring bridge with four clamps (four-conductor method/four-
pole measuring method) which operates according to the zero
method.

Figure 5.5.6 shows the measurement arrangement of this
measuring method named after WENNER. The measurement
is carried out from a fixed central point M which is kept for
all subsequent measurements. Four measuring probes (30 to
50 cm long earth spikes) are driven into the soil along a line
a-a' pegged out in the ground. The earth resistivity pg of the
ground can be determined from the measured resistance R:

p, =2m-e-R
R Measured resistance in Q
e Probe spacing in m
PE Average earth resistivity in Qm up to a depth accord-

ing to the probe spacing e

By increasing the probe spacing e and retuning the earthing
measuring bridge, the curve of the earth resistivity pg can be
determined as a function of the depth.

Calculation of earth resistances

Table 5.5.1 shows the formulas for calculating the earth re-
sistances of commonly used earth electrodes. In practice, these
approximate formulas are quite sufficient. The exact calcula-
tion formulas are specified in the following sections.
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Earth resistance R, (Q)

100

50 T pr = 500 Qm

50 100
Length | of the stretched surface earth electrode (m)

Figure 5.5.7 Earth resistance R, as a function of length | of the
surface earth electrode in case of different earth
resistivities pg

Straight surface earth electrode

Surface earth electrodes are typically embedded horizontally in
the ground at a depth of 0.5 to 1 m. Since the soil layer above
the earth electrode dries out in summer and freezes in winter,
the earth resistance R, of such a surface earth electrode is
calculated as if it is installed on the surface of the ground:

P [
R, =" . In—
-l r
Ra Earth resistance of a stretched surface earth electrode

in Q
PE Earth resistivity in Qm
I Length of the surface earth electrode in m

r Quarter width of strip steel in m or radius of the round
wireinm

Figure 5.5.7 shows the earth resistance R, as a function of
the length of the earth electrode.

Figure 5.5.8 shows the transverse and longitudinal earth po-
tential Ug for an 8 m long strip earth electrode. The effect of the

burial depth on the earth potential can be clearly seen.

Figure 5.5.9 illustrates the step voltage Us as a function of
the burial depth.
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LONGITUDINAL DIRECTION

Earth potential Ug (%)

Distance a (m) from earth electrode

TRANSVERSE DIRECTION

Earth potential Ug (%)

Distance a (m) from earth electrode

Figure 5.5.8 Earth potential Ug between the supply line of the earth
electrode and the earth surface as a function of the
distance from the earth electrode in case of an strip
earth electrode (8 m long) in different depths

%
100
80
60
40
20

Max. step voltage
of the total voltage

| | | |
T 1 1 ™

0.5 1 1.5 2 m
Burial depth

Figure 5.5.9  Maximum step voltage U as a function of the burial
depth for a stretched strip earth electrode

In practice, it is sufficient to calculate the earth resistance us-
ing the approximate formula in Table 5.5.1:

2:-p
_ E
L=
Earth rod
The earth resistance R, of an earth rod is calculated as follows:
21
R, = Pr gy 2t
2m-1 r
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Ra Earth resistance in Q
PE Earth resistivity in Qm
I Length of the earth rod in m

r Radius of the earth rod in m
As an approximation, the earth resistance R, can be calculated
using the approximate formula given in Table 5.5.1:

Figure 5.5.10 shows the earth resistance R, as a function of
the rod length | and the earth resistivity pe.

Combination of earth electrodes

If several earth rods are installed next to one another (due
to the soil conditions), the distance between the earth elec-

Earth electrode L]0 UL Auxiliary
formula

Surface earth

2.
electrode (radial R, = 2 Pp -
earth electrode) !

p
Earth rod R, = TE _
Ring earth _2-p, _ E
electrode R, = 3.d d=1.13-34
Meshed earth R = e » y
electrode 4 9.4 d=1.13 \/Z

p

R =_"8_ _

Earth plate "~ i5.a
Hemispherical / p
foundation earth R, = - .Ed d=157-3v

electrode

R, Earth resistance (Q)

pg Earth resistivity (Qm)

| Length of the earth electrode (m)

d Diameter of a ring earth electrode, the area of the equivalent
circuit or a hemispherical earth electrode

A Area (m?) of the enclosed area of a ring or meshed earth
electrode

a Edge length (m) of a square earth plate. In case of rectangular
plates: a is substituted by /- , where b and c are the two
sides of the rectangle

V' Volume of a single foundation earth electrode

Table 5.5.1  Formulas for calculating the earth resistance Ry for

different earth electrodes
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Earth resistance Ry (Q)
A

100
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40

20

2 4 6 8 10 12 14 16 18 20
Drive-in depth | of the earth rod (m)

Figure 5.5.10  Earth resistance R, of earth rods as a function of their
length | in case of different earth resistivities pg

trodes should correspond at least to their drive-in depth. The
individual earth rods must be interconnected.

The earth resistances calculated using the formulas and the
measurement results in the diagrams apply to low-frequency
direct current and alternating current provided that the expan-
sion of the earth electrode is relatively small (a few hundred
metres). For greater lengths, e.g. in case of surface earth elec-
trodes, the alternating current also has an inductive compo-
nent.

However, the calculated earth resistances do not apply to
lightning currents. In this case, the inductive component plays
a role, which can lead to higher values of the conventional
earthing impedance in case of a large expansion of the earth-
termination system.

Increasing the length of the surface earth electrodes or earth
rods to more than 30 m only insignificantly reduces the con-
ventional earthing impedance. It is therefore advisable to com-
bine several short earth electrodes. In such cases, it must be
observed that the actual total earth resistance is higher than
the value calculated from the individual resistances connected
in parallel due to the mutual interaction of the earth electrodes.

Radial earth electrodes

Radial earth electrodes in the form of crossed surface earth
electrodes are important when relatively low earth resistances
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Earth resistance Ry (Q)

A
14+ pe =200 Qm
n+ o
[=10m
10 +
8 P
6+ . OO0
[=25m
4 P
2 P
| | | »
T T T =
0.5 1 1.5
_ P Burial depth (m)
| = side length
Figure 5.5.11  Earth resistance R, of crossed surface earth elec-

trodes (90°) as a function of the burial depth

should be created in poorly conducting ground at acceptable
costs.

The earth resistance R, of a crossed surface earth electrode
whose sides are arranged at an angle of 90° to each other is
calculated as follows:

l
R =L mly175
471 r
Ra Earth resistance of the crossed surface earth electrode
in Q

PE Earth resistivity in Qm
I Side length in m
d Half bandwidth in m or diameter of the round wire inm

As a rough approximation, in case of greater arm lengths
(I'> 10 m), the earth resistance R, can be determined using the
total arm length from the equations in Table 5.5.1.

Figure 5.5.11 shows the curve of the earth resistance R, of
crossed surface earth electrodes as a function of the burial
depth; Figure 5.5.12 shows the curve of the earth potential.

In case of radial earth electrodes, the angle between the indi-
vidual arms should be greater than 60°.
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Voltage
% A
100 +
80 1
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40
20
| " | " | >
T i T i T =
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< ,3\0
direction of side length 25 m
measurement |
Figure 5.5.12  Earth potential U between the supply line of the earth

electrode and the earth surface of crossed surface earth
electrodes (90°) as a function of the distance from the
cross centre point (burial depth of 0.5 m)

According to Figure 5.5.12, the earth resistance of a meshed
earth electrode is calculated as follows:

_ P
4 2.4

where d is the diameter of the analogous circle which has the
same area as the meshed earth electrode. It is determined as
follows:

For rectangular or polygonal dimensions of the meshed earth
electrode:

4-A
™
A Area of the meshed earth electrode in m?
For square dimensions (edge length b):
d=1.1-b
Figure 5.5.13 shows the curve of the conventional earth

impedance of single-arm and multiple-arm surface earth elec-
trodes in case of square-wave impulse voltages.
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0 n=4
160 Z =150Q

RA :1OQ
140 n =1..4

n-1 =300m

120
100
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60
40
20

Conventional earthing impedance Ry

Z Characteristic impedance of the earthing conductor
R, Earth resistance

n  Number of earth electrodes connected in parallel

I Average earth electrode length

Figure 5.5.13  Conventional earthing impedance Rg; of single-arm or
multiple-arm surface earth electrodes of equal length

As can be seen from this diagram, it is more favourable to
install a radial earth electrode than a single arm for the same
length.

Foundation earth electrodes

The earth resistance of a metal conductor in a concrete foun-
dation can be calculated as an approximation using the for-
mula for hemispherical earth electrodes:

R,=-Le

A nd

where d is the diameter of the analogous hemisphere having
the same volume as the foundation:

d=157-3Vv

v Volume of the foundation in m3

When calculating the earth resistance, it must be observed
that the foundation earth electrode is only effective if the con-
crete body contacts the surrounding ground over a large area.
Water-repellent, insulating shielding significantly increases the
earth resistance or insulates the conductor in the foundation
(see 5.5.2).
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P A

05 1 2 5 10 %
p Reduction factor

n  Number of earth electrodes connected in parallel
a  Average earth electrode distance

|

Average earth electrode length

Figure 5.5.14  Reduction factor p for calculating the total earth

resistance R, of earth rods connected in parallel

Earth rods connected in parallel

To keep interactions within acceptable limits, the distances be-
tween the single earth electrodes for earth rods connected in
parallel should not be less than the drive-in depth.

If the single earth electrodes are roughly arranged in a circle
and have approximately the same length, the earth resistance
can be calculated as follows:

where Ry is the average earth resistance of the single earth
electrodes. The reduction factor p as a function of the length
of the earth electrodes, the distance between the single earth
electrodes and the number of earth electrodes can be taken
from Figure 5.5.14.

Combination of strip earth electrodes and earth
rods

If earth rods provide a sufficient earth resistance, for example
in case of deep water carrying layers in sandy soil, the earth
rod should be installed as close as possible to the object to
be protected. If a long supply line is required, it is advisable to
install a multiple radial earth electrode in parallel to the line to
reduce the resistance as the current rises.
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As an approximation, the earth resistance of a strip earth
electrode with earth rod can be calculated as if the strip earth
electrode was extended by the drive-in depth of the earth rod.

R, =~ Pr

A

strip earth electrode lem‘th rod

Ring earth electrode

In case of circular ring earth electrodes with large diameters
(d > 30 m), the earth resistance is calculated as an approxima-
tion using the formula for the strip earth electrode (where the
circumference mi-d is used for the length of the earth elec-
trode):

T-d
Ry =Lyl
T -d T
r Radius or the round wire or quarter width of the strip

earth electrode in m

For non-circular ring earth electrodes, the earth resistance is
calculated by using the diameter d of an analogous circle with
the same area:

2.
R, ==L
3-d
A-4
d=,=—=
s
A Area encircled by the ring earth electrode in m?

Implementation

According to the IEC standards, each installation to be protect-
ed must have its own earth-termination system which must
be fully functional without using metal water pipes or earthed
conductors of the electrical installation.

The magnitude of the earth resistance R, plays only a minor
role for protecting a building or installation against lightning.
More important is that the equipotential bonding is estab-
lished consistently at ground level and the lightning current is
safely distributed in the ground.

The lightning current i raises the object to be protected to the
earth potential Ug

1 di
P T

with respect to reference earth.
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The potential of the earth’s surface decreases as the distance
from the earth electrode increases (Figure 5.5.1).

The inductive voltage drop across the earth electrode as the
lightning current increases only has to be taken into account
for extended earth-termination systems (e.g. in case of long
surface earth electrodes in poorly conducting soil with rocky
surface). In general, the earth resistance is defined by the ohm-
ic component only.

If isolated conductors are led into the structure, the full earth
potential U occurs.

In order to avoid the risk of puncture and flashover, such con-
ductors are connected to the earth-termination system via
isolating spark gaps or in case of live conductors via surge pro-
tective devices (see DEHN surge protection main catalogue) as
part of the lightning equipotential bonding.

The magnitude of the earth resistance must be limited to mini-
mise touch and step voltages.

The earth-termination system can be designed as a foundation
earth electrode, a ring earth electrode and, in case of buildings
with large surface areas, as a meshed earth electrode and, in
special cases, also as a single earth electrode.

In Germany, foundation earth electrodes must be designed in
accordance with DIN 18014.

Conventional foundation earth electrodes are designed as a
closed ring and arranged in the foundations of the external
walls of the building or in the foundation slab according to
DIN 18014. In case of large structures, foundation earth elec-
trodes should contain cross-connections to prevent that the
maximum mesh size of 20 m x 20 m is exceeded.

Foundation earth electrodes must be arranged so that they are
enclosed by concrete on all sides.

In the service entrance room, the foundation earth electrode
must be connected to the equipotential bonding bar. Accord-
ing to IEC 62305-3 (EN 62305-3), a foundation earth electrode
must be provided with terminal lugs to connect the down
conductors of the external lightning protection system to the
earth- termination system.

Due to the risk of corrosion at the point where a terminal lug
leaves the concrete, additional anti-corrosion measures should
be taken (PVC sheath or preferably stainless steel e.g. of mate-
rial No. AISI/ASTM 316 Ti).

The reinforcement of slab or strip foundations can be used as
a foundation earth electrode if the required terminal lugs are
connected to the reinforcement and the reinforcements are
interconnected via the joints in such a way that the can carry
currents.
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Surface earth electrodes must be buried at a depth of at least
0.5 m in the form a closed ring.

The conventional earthing impedance of earth electrodes de-
pends on the maximum value of the lightning current and of
the earth resistivity (see also Figure 5.5.13). As an approxi-
mation, the effective length of the earth electrode in case of
lightning currents is calculated as follows:

Surface earth electrode:

I, =028ip,

€]
Earth rod:

leff =0.241-p,

lefr Effective length of the earth electrode in m

i Peak value of the lightning current in kA
PE Earth resistivity in Qm

The conventional earthing impedance Ry can be calculated
using the formulas in Table 5.5.1, where the effective length
of the earth electrode I is used for the length I.

Surface earth electrodes are advantageous when the upper
soil layers have a lower resistivity than the subsoil.

If the ground is relatively homogeneous (namely if the earth
resistivity at the surface of the earth is roughly the same as
in deep ground), the construction costs of surface earth elec-

surface earth electrode

earth rod

Earth resistance R, (Q)

pe = 400 Qm

0 ——+—+ — ey
05101520 30 40 50 60 70 80 90 100

Earth electrode length | (m)

Figure 5.5.15  Earth resistance R, of surface earth electrodes and
earth rods as a function of the earth electrode length |
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trodes and earth rods with the same earth resistance are
roughly the same.

According to Figure 5.5.15, an earth rod must only have ap-
proximately half the length of a surface earth electrode.

If the conductivity of the ground is better in deep ground than
on the surface, e.g. due to ground water, an earth rod is gener-
ally more cost-effective than a surface earth electrode.

The question of whether earth rods or surface earth electrodes
are more cost-effective in individual cases can frequently only
be answered by measuring the earth resistivity as a function
of the depth.

Since earth rods are easy to assemble and achieve excellent
constant earth resistances without requiring excavation work
and damaging the ground, these earth electrodes are also suit-
able for improving existing earth-termination systems.

5.5.1 Earth-termination systems in accordance
with IEC 62305-3 (EN 62305-3)

The earth-termination system is the continuation of the air-
termination systems and down conductors to discharge the
lightning current to the earth. Other functions of the earth-
termination system are to establish equipotential bonding be-
tween the down conductors and to control the potential in the
vicinity of the building walls.

It must be observed that a common earth-termination system
is to be preferred for the different electrical systems (lightning
protection systems, low-voltage systems and telecommunica-
tions systems). This earth-termination system must be connect-
ed to the equipotential bonding system via the main earthing
busbar (MEB).

Since the IEC 62305-3 (EN 62305-3) standard requires con-
sistent lightning equipotential bonding, no particular value
is specified for the earth resistance. In general, a low earth
resistance (< 10 Q, measured with a low frequency) is recom-
mended.

The standard distinguishes two types of earth electrode ar-
rangements, type A and type B.

Both type A and B earth electrode arrangements have a mini-
mum earth electrode length I; of the earthing conductors ac-
cording to the class of LPS (Figure 5.5.1.1)

The exact soil resistivity can only be determined by on-site
measurements using the “"WENNER method” (four-conductor
measuring method).

Type A earth electrodes

Type A earth electrode arrangements describe individually ar-
ranged vertical earth electrodes (earth rods) or horizontal ra-
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Figure 5.5.1.1 Minimum lengths of earth electrodes

dial earth electrodes (surface earth electrodes), which must be
connected to a down conductor.

A type A earth electrode arrangement require at least two
earth electrodes. A single earth electrode is sufficient for indi-
vidually positioned air-termination rods or masts.

A minimum earth electrode length of 5 m is required for class
of LPS Il and IV. For class of LPS | and Il the length of the
earth electrode is defined as a function of the soil resistivity.
Figure 5.5.1.1 shows the minimum earth electrode length I;.
The minimum length of each earth electrode is:

|1 x0.5
Iy For radial earth electrodes

For vertical or inclined earth electrodes

The values determined apply to each single earth electrode.

If different earth electrodes (vertical and horizontal) are com-
bined, the equivalent total length should be taken into account.
The minimum earth electrode length can be disregarded if an
earth resistance of less than 10 Q is achieved.

In general, earth rods are vertically driven deeply into natu-
ral soil which typically starts below foundations. Earth elec-
trode lengths of 9 m have proven to be advantageous. Earth
rods have the advantage that they reach soil layers in greater
depths whose resistivity is generally lower than in the areas
close to the surface.

It is recommended that the first metre of a vertical earth elec-
trode is considered ineffective under frost conditions.

Type A earth electrodes do not meet the requirements with
regard to equipotential bonding between the down conduc-
tors and potential control. Single earth electrodes of type A
must be interconnected to ensure that the current is evenly
split. This is important for calculating the separation distance s.
Type A earth electrodes can be interconnected below or on the
surface of the earth. When retrofitting existing installations,
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area under

consideration A4 /

circular area A,
mean radius r

)
A=A =A In case of ring or foundation
177 earth electrodes, the mean
r=1/ % radius r of the area enclosed
r>1 by the earth electrode must
B

not be less than |;.

Figure 5.5.1.2  Type B earth electrode — Determination of the mean
radius — Sample calculation

12m

area under
consideration Aq

5m /

12m 5m circular area A,
7Im mean radius r
7m Example: Residential building,
a class of LPS Il I; =5 m
A=A =A, A=109m
7
r= '\IA r = '\l% No additional
r>1 n : earth electrodes
=0 r =5.89m are required!

Figure 5.5.1.3 Type B earth electrode — Determination of the mean
radius — Sample calculation

the connecting cable of the single earth electrodes can also be
implemented in the structure.

Type B earth electrodes

Type B earth electrodes are ring earth electrodes encircling the
object to be protected or foundation earth electrodes. In Ger-
many, the requirements for earth-termination systems of new
buildings are described in DIN 18014.

If it is not possible to encircle the structure by means of a
closed ring, the ring must be complemented by means of con-
ductors inside the structure. Pipework or other permanently
conductive metal components can also be used for this pur-
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pose. The earth electrode must be in contact with the soil for
at least 80 % of its total length to ensure that a type B earth
electrode can be used as a base for calculating the separa-
tion distance. The minimum lengths of type B earth electrodes
depend on the class of LPS. In case of classes of LPS | and II,
the minimum earth electrode length also depends on the soil
resistivity (Figure 5.5.1.1).

The mean radius r of the area encircled by a type B earth elec-
trode must be not less than the specified minimum length I;.
To determine the mean radius r, the area under consideration
is transferred into an equivalent circular area and the radius is
determined as shown in Figures 5.5.1.2 and 5.5.1.3.

Sample calculation:

If the required value of | is greater than the value of r cor-
responding to the structure, further radial or vertical earth
electrodes (or inclined earth electrodes) must be added whose
relevant lengths |, (radial/horizontal) and I, (vertical) result
from the following equations:

I =1 —r

The number of additional earth electrodes must not be less
than the number of down conductors, but at least two. These
additional earth electrodes should be connected to the ring
earth electrode so as to be spaced equally around the perim-
eter.

If additional earth electrodes are to be connected to the
foundation earth electrode, the earth electrode material and
the connection to the foundation earth electrode must be
observed. Stainless steel, e.g. material No. AISI/ASTM 316 Ti,
should be preferably used (see chapter 5.5.2, Figure 5.5.2.1).

The following systems may place additional requirements on
the earth-termination system:

= Electrical systems — Disconnection requirements of the rel-
evant system configuration (TN, TT, IT systems) in accord-
ance with [EC 60364-4-41 (HD 60364-4-41)

= Equipotential bonding in accordance with IEC60364-5-54
(HD 60364-5-54)

= Electronic systems — Data information systems

=® Antenna earthing in accordance with DIN VDE 0855
(German standard)

= Electromagnetic compatibility (EMC)

= Transformer station in or near the structure in accordance
with EN 50522
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5.5.2 Earth-termination systems, foundation
earth electrodes and foundation earth
electrodes for special structural measures

Foundation earth electrodes - Type B earth
electrodes

DIN 18014 (German standard) specifies the requirements for
foundation earth electrodes of new buildings.

Many national and international standards prefer founda-
tion earth electrodes because, when properly installed, they
are embedded in concrete on all sides and are thus corrosion-
resistant. The hygroscopic characteristics of concrete typically
ensure a sufficiently low earth resistance.

The foundation earth electrode must be installed as a closed
ring in the strip foundation or floor slab (Figure 5.5.2.1) and
thus primarily serves the purpose of functional equipotential
bonding. The division into meshes < 20 m x 20 m and the
connectors required to the outside to connect the down con-
ductors of the external lightning protection system and to the
inside for equipotential bonding must be considered (Figure
5.5.2.2). According to DIN 18014, the installation of the foun-
dation earth electrode is an electrical measure and must there-

Foundation earth electrode [

— Round wire (@ 10 mm) or strip (30 mm x 3.5 mm), St/tZn

— Concrete cover of at least 5 m

— Closed ring

— Connection to the reinforcement at intervals of 2 m by means
of a dlamp |

Terminal lug B to main earthing busbar [ and

terminal lugs H for the external lightning protection system

with SV clamp B at least 1.5 m long, easily identifiable

— Round wire, StSt, e.g. mat. No. AISI/ASTM 316 Ti (V4A), 10 mm
— Strip, StSt, e.g. mat. No. AISI/ASTM 316 Ti (V4A), 30 x 3.5 mm
— Round wire, StZn, @ 10 mm, with plastic sheath

— Fixed earthing terminal

Higher earth electrode
cross-sections may be re-
quired for buildings with
transformer stations.

Figure 5.5.2.1 Foundation earth electrode with terminal lug
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. 2m.. additional connecting cable
for forming meshes
<20x20m

<20m

<20m

._\_:

Recommendation: Several
terminal lugs e.g. in every
technical equipment room

terminal lug
e.g. according to class of
LPS Ill at intervals of 15 m

Figure 5.5.2.2  Mesh of a foundation earth electrode

fore be carried out or supervised by a certified lightning
protection specialist or electrician.

The question of how to install the foundation earth electrode
depends on the measure required to ensure that the founda-
tion earth electrode is embedded in concrete on all sides.

Installation in non-reinforced concrete

Spacers must be used in non-reinforced foundations such as
strip foundations of residential buildings (Figure 5.5.2.3).
Only by using these spacers at intervals of approximately 2 m it
is ensured that the foundation earth electrode is “raised” and
embedded in concrete (at least 5 cm) on all sides to protect the
foundation earth electrode (St/tZn) against corrosion.

Installation in reinforced concrete

In case of closed reinforced foundations, the foundation earth
electrode is installed on the lowest reinforcement layer. When
installed properly, a foundation earth electrode made of round
or strip steel (galvanised) is covered by concrete by at least
5 c¢m on all sides and is thus corrosion-resistant. The hygro-
scopic characteristics of concrete typically ensure a sufficiently
low earth resistance.

When using steel mats, reinforcement cages or reinforcing bars
in foundations, the foundation earth electrode should be con-
nected to these natural iron components at intervals of 2 m by
means of clamping or welding to improve the function of the
foundation earth electrode.
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Figure 5.5.2.5 Fixed earthing terminal
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Figure 5.5.2.6 Meshed foundation earth electrode

The modern methods of laying concrete in reinforced concrete
foundations and then vibrating/ compacting it ensure that the
concrete also “flows” under the earth electrode enclosing it
on all sides if the flat strip is installed horizontally, thus ensur-
ing corrosion resistance. Consequently, vertical installation of
the flat strip is not required when mechanically compacting
concrete. Figure 5.5.2.4 shows an example of the horizontal
installation of a flat strip as a foundation earth electrode. The
intersections of the foundation earth electrode must be con-
nected in such a way that they are capable of carrying currents.
It is sufficient to use galvanised steel for foundation earth elec-
trodes.

Terminal lugs to the outside into the ground must be protected
against corrosion at the point where they leave the structure.
Suitable materials are, for example, plastic sheathed steel wire
(owing to the break risk of the plastic sheath at low tempera-
tures, special care must be taken during the installation), high-

The outer diameter
including the ribs is about
da=1.15 x dg

Nominal diameter d; (mm) 6 8
Outer diameter including the ribs d, (mm) 69 9.2
Nominal cross-section (mm?)

Figure 5.5.2.7 Diameters of reinforcing steels
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Nominal diameter dg

283 503 785 1131 154 201

alloy stainless steel, e.g. material No. AISI/ASTM 316 Ti, or fixed
earthing terminals (Figure 5.5.2.5).

When installing the foundation earth electrode, the mesh size
must not exceed 20 x 20 m. This mesh size does not depend
on the class of LPS of the external lightning protection system
(Figure 5.5.2.6).

Nowadays, various types of foundations with different designs
and sealing versions are used.

Heat insulation regulations have also influenced the design of
strip foundations and foundation slabs.

If foundation earth electrodes are installed in new structures
based on DIN 18014, the sealing/insulation affects their in-
stallation and arrangement.

Connecting clamps for reinforcements

Foundation earth electrodes must be connected to the rein-
forcement of the foundation slab at intervals of 2 m. To do so,
there are various possibilities.

Clamping turned out to be the most cost-effective solution
since this connection can be made easily and quickly on site.
Moreover, according to the latest lightning protection stand-
ards, reinforcing steel, for example, can be used as a natural
component of the down-conductor system. Since the compo-
nents of the foundation earth electrode must be connected in
such a way that they are permanently conductive and mechan-
ically stable, these connections are efficiently made by means
of screws according to IEC 62561-1 (EN 62561-1) (Lightning
protection system components Part 1: Requirements for con-
nection components). More detailed information on this topic
can be found in chapter 5.8.

Figure 5.5.2.7 gives an overview of the nominal and outer
diameters as well as the cross-sections of reinforcing steel.
The outer diameter of reinforcing steel is decisive for selecting
the connection components/clamps.

Outer diameter d,

0 12 14 16 20 25 28 32 40

115 138 161 184 23 29 32 37 46

314 491 616 804 1257
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Expansion joints

Foundation earth electrodes cannot be passed across expan-
sion joints. At these points, they can be led out near walls and
connected by means of fixed earthing terminals and bridging
braids in case of e.g. concrete walls (Figure 5.5.2.8).

However, in case of foundation slabs with large dimensions,
the meshes of the foundation earth electrode must be led
through these expansion joints (sections or joints) without
leading them out of the wall. Special expansion straps, which
create cavities in the concrete by means of a styrofoam block
and an integrated flexible connection, can be used in this
case.

The expansion strap is embedded in the foundation slab in
such a way that the styrofoam block is situated in one section
and the other end is routed loosely in the next section (Figure
5.5.2.9).

Membranes in case of foundation slabs

Membranes made of polyethylene with a thickness of about
0.3 mm are often laid on the blinding layer as a separation
layer (Figure 5.5.2.10).

These membranes only slightly overlap and are not water-
repellent.

They typically only have little impact on the earth resistance
and can thus be neglected. For this reason, foundation earth
electrodes can be installed in the concrete of the foundation
slab.

Dimpled membranes

Dimpled membranes are used to replace the blinding layer for
foundation slabs and often enclose the entire basement (Fig-
ure 5.5.2.11).

These dimpled membranes are made of special high-density
polyethylene with a thickness of approximately 0.6 mm (dim-
ple height of approximately 8 mm) (Figure 5.5.2.12). The
individual membranes have a width of about 2 to 4 m, over-
lap (about 20 to 25 cm) and keep water away. The foundation
earth electrode therefore cannot be effectively installed in the
foundation slab.

For this reason, a ring earth electrode made of stainless steel
(V4A), e.g. material No. AISI/ASTM 316 Ti, with an adequate
mesh size is buried outside the foundation below the dimpled
membranes.

Foundations with an increased earth contact
resistance

“"White tank” made of waterproof concrete
Waterproof concrete has a high resistance to water penetra-
tion. In Germany, closed tanks made of waterproof concrete
are informally also referred to as “white tanks”.
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Figure 5.5.2.8 Bridging braid with fixed earthing terminals

ﬂ'i-r

ant

expansion
joint

foundation slab

Figure 5.5.2.9 Bridging a foundation earth electrode by means of an
expansion strap

i a..".

Figure 5.5.2.10  Membrane of foundation slabs

Concrete buildings with a high resistance to water penetra-
tion are built without additional extensive external sealing
and prevent the ingress of water solely due to the concrete
and structural measures such as joint sealing and crack width
limitation. Particular care is required when erecting these wa-
terproof buildings since all building components such as joint
sealings, entries for water, gas, electricity and telephone lines
(in the form of multi-line building entries), sewer pipes, other
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Figure 5.5.2.11  Use of dimpled membranes

cables or lines, connection components for the foundation
earth electrode or equipotential bonding must be permanently
waterproof or pressure-water-proof. The installer is responsible
for the watertightness of the building.

The term waterproof concrete is not defined in the latest
concrete production standards. In practice, concrete with a
concrete quality of e.g. C20/25 is used (compressive strength
cylinder/cube in N/mm2).

The watertightness of concrete mixes depends on the cement
content. 1 m? of waterproof concrete has a cement content

Maximum ground water level

ratio < 0.6*

Connection for the LPS

Waterproof concrete,
compressive strength
= C25/30, water/cement

Figure 5.5.2.12  Dimpled membrane

of at least 320 kg cement (low-heat cement). A low degree
of concrete shrinkage, the recommended minimum concrete
compressive strength C25/30 and the water/cement ratio,
which must be below 0.6, are equally important.

Compared to previous years, moisture no longer penetrates
some centimetres into the “white tank”. Modern concretes
with a high resistance to water penetration only absorb 1.5 cm
of water. Since the foundation earth electrode must be covered
by a concrete layer of at least 5 cm (corrosion), the concrete

Pressure-water-tight
wall bushing
Part No. 478 530

Soil

Sealing tape

SV clamp
Part No. 308 229

*

J ‘
e

Main earthing busbar (MEB)
Part No. 563 200

Corrosion-resistant ring
earth electrode, StSt (V4A)
(e.g. material No. AISI/ASTM 316 Ti)

Connecting clamp
~ Part No. 308 025

Foundation slab

Reinforcement

Membrane

Functional equipotential

bonding conductor Blinding layer

it H10: h-
lassige Betonbauwerke (www.beton.org)

Figure 5.5.2.13  Arrangement of the foundation earth electrode in case of a “white tank” according to the German DIN 18014 standard
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can be considered to be an electrical insulator downstream of
the water penetration area. Thus, the foundation earth elec-
trode is no longer in contact with the soil.

For this reason, a ring earth electrode with a mesh size
< 20 m x 20 m must be installed in the blinding layer or soil
below the foundation slab of buildings with “white tank”. If
a lightning protection system is required, the mesh size is re-
duced to < 10 m x 10 m. This reduced mesh size is supposed
to prevent possible puncture between the functional equi-
potential bonding conductor/reinforcement and the sealing
(concrete) to the ring earth electrode installed underneath the
concrete in case of a lightning strike.

In addition, a functional equipotential bonding conductor with
a mesh size < 20 m x 20 m must be installed in the foundation
slab according to the German DIN 18014 standard. The proce-
dure is identical to that in case of a foundation earth electrode.

The ring earth electrode must be connected to the concrete-
embedded functional equipotential bonding conductor at in-
tervals of 20 m (perimeter of the building) or, if a lightning
protection system is installed, to each down conductor of the
lightning protection system to act as a combined equipotential
bonding system according to IEC 60364-4-44 (HD 60364-4-44).
These connections can be made above the ground water level

main earthing busbar (MEB)

terminal lug for
the down conductor

connection to
the reinforcement

or below the ground water level by means of pressure-water-
tight bushings.

Figures 5.5.2.13 and 5.5.2.14 show the arrangement of a
ring earth electrode and a functional equipotential bonding
conductor in a “white tank”.

Waterproof wall bushings

The electrical connection to the ring earth electrode must be
waterproof. The requirements, which are for example placed
on “white tanks", were also considered when developing the
waterproof wall bushing. During the product development
process, special emphasis was placed on incorporating com-
ponent requirements as realistically as possible. The specimens
were embedded in concrete (Figure 5.5.2.15) and then sub-
jected to a pressure water test. Since installation situations
up to a depth of 10 m are common practice in the building
industry (e.g. underground car parks), this installation situa-
tion was transferred to the specimens by subjecting them to a
water pressure of 1 bar after the concrete had cured (Figure
5.5.2.16). In a long-time test over 65 hours, the watertight-
ness of the specimens was tested.

Capillary action is a problem for wall bushings. This means that
liquids (e.g. water) disperse differently in narrow gaps or ducts
in the concrete and are thus virtually drawn up or soaked into

__— floor surface

maximum ground

1 —— water level

foundation slab

pressure-water-tight
wall bushing

blinding layer

functional equipotential
bonding conductor

ring earth electrode

soil

Figure 5.5.2.14  Three-dimensional representation of the ring earth electrode, functional equipotential bonding conductor and connections via

pressure-water-tight wall bushings
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Figure 5.5.2.15  Wall bushing installed in the formwork
Figure 5.5.2.16  Test setup (sectional view) with connection for the
pressure water test

Figure 5.5.2.17  Waterproof wall bushing

B | 1 00.

Figure 5.5.2.18  Bituminous sheetings used as sealing material
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the building. These narrow gaps or ducts can occur during the
curing process and the resulting shrinkage of concrete.
Therefore, professional and proper installation of the wall
bushing into the formwork is essential. This is described in de-
tail in the relevant installation instructions.

Waterproof wall bushings for “white tanks”, e.g. Part No.
478 550 (Figure 5.5.2.17):

» Version for installation into the formwork with water bar-
rier and M10/12 double thread on both ends is connected
e.g. to a ring earth electrode or equipotential bonding bar.

= Adjustable depending on the wall thickness by means of
M10 thread and lock nut. The thread of the bushing can be
shortened, if required.

®» Tested with compressed air of 5 bars according to
IEC 62561-5 (EN 62561-5)

“Black tank”

The term “black tank” refers to the black multi-layer bitumi-
nous coating applied to the building in the soil to seal the
building. The building structure is covered with a bitumen/
tar mass over which typically up to three layers of bituminous
sheetings are applied (Figure 5.5.2.18). Nowadays, a poly-
mer-modified bituminous coating is also used.

Due to the high insulation values of the materials used, it can-
not be ensured that a foundation earth electrode is in contact
with the soil. Here again, a ring earth electrode in conjunction
with a functional equipotential bonding conductor is required
(same procedure as for “white tanks”).

Wherever practical, the external ring earth electrode should be
led into the building above the building sealing, in other words
above the highest ground water level, to ensure that the tank
is waterproof in the long term (Figure 5.5.2.19). Pressure-
water-tight penetration of the concrete is only possible by
means of special components.

Perimeter insulation
Nowadays, various types of foundations with different designs
and sealing versions are used.

Heat insulation regulations have also influenced the design
of strip foundations and foundation slabs. If foundation earth
electrodes are installed in new structures based on the Ger-
man DIN 18014 standard, the sealing/insulation has an effect
on their installation and arrangement. Perimeter refers to the
wall and floor area of a building that is in contact with the soil.
Perimeter insulation is the heat insulation fitted around the
building. The perimeter insulation situated outside on the seal-
ing layer encloses the building structure without forming heat
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Concrete

Wall/earth electrode bushing
Part No. 478 410

Main earthing busbar (MEB)
( Part No. 563 200

Connecting clamp
Part No. 308 025

Tank sealing Foundation slab

Figure 5.5.2.19  Arrangement of the earth electrode in case of a “black tank” according to the German DIN 18014 standard

Figure 5.5.2.20  Ring earth electrode in case of perimeter insulation; Figure 5.5.2.21 Detailed view of a ring earth electrode; source:
source: Company Mauermann Company Mauermann

bridges and additionally protects the sealing from mechanical ~ on the earth resistance of foundation earth electrodes which
damage (Figures 5.5.2.20 and 5.5.2.21). are conventionally installed in the foundation slab. A resistivity
The resistivity of the perimeter insulation boards is a decisive ~ of 5.4-10'2 Qm is specified for e.g. polyurethane foam with a
factor when considering the effects of the perimeter insulation ~ density of 30 kg/m?. The resistivity of concrete, in contrast, is
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Connection Concrete

for the LPS

Perimeter
insulation

Soil
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MV clamp
Part No. 390 050
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SV clamp
Part No. 308 229
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Corrosion-resistant ring earth electrode,
StSt (V4A) (e.g. material No. AISI/ASTM 316 Ti)

Fixed earthing terminal
Part No. 478 011

Connecting clamp
"9 Part No. 308 025

e N

I Main earthing busbar (MEB)
Part No. 563 200

Foundation slab

Reinforcement

Functional equipotential Blinding
bonding conductor layer

Figure 5.5.2.22  Arrangement of the foundation earth electrode in case of a closed floor slab (fully insulated) acc. to the German DIN 18014 standard

between 150 Qm and 500 Qm. This means that, in case of full
perimeter insulation, a foundation earth electrode convention-
ally arranged in the foundation has virtually no effect. Conse-
quently, the perimeter insulation acts as an electrical insulator.

If the foundation slab and the outer walls are fully insulated
(full perimeter insulation), a ring earth electrode with an ad-
equate mesh size must be installed below the foundation slab
in the blinding layer or soil. This earth electrode must be made
of corrosion-resistant stainless steel (V4A), e.g. material No.
AISI/ASTM 316 Ti (Figure 5.5.2.22). As with “white tanks”, a
functional equipotential bonding conductor is required in this
case.

Capillary-breaking, poorly conducting floor layers
e.g. made of recycling material

Nowadays, recycling materials such as foam glass gravel or
other capillary-breaking materials are used as an alternative
to full perimeter insulation (Figure 5.5.2.23). These materials
are a cost-effective alternative to common polyurethane foam
sheets made of crude oil and serve as blinding layer (subgrade)
at the same time.
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This type of perimeter insulation is commonly used below
the floor slab and laterally at the basement wall. Apart from
its heat-insulating properties, foam glass gravel also has the
advantage that it is draining, capillary-breaking, load-bearing
and, compared to gravel, easy to transport. Before filling the

Figure 5.5.2.23  Perimeter insulation: Foam glass granulate is filled in;
source: TECHNOpor Handels GmbH
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foam glass gravel in the excavation pit, the excavation pit is
covered with e.g. geotextiles.

To be able to install a standard-compliant earth-termination
system for this type of perimeter insulation, the ring earth elec-
trode must be installed in contact with the soil below the foam
glass gravel and geotextiles. Thus, compared to conventional
methods, the earth electrode is installed at an earlier stage. The
responsible company must be aware of the fact that the instal-
lation of the earth electrode must be incorporated at an early
design stage, namely directly after the excavation work. Stain-
less steel (V4A), e.g. material No. AISI/ASTM 316 Ti, must be
used for the round or flat conductor as well as for the required
clamps and connectors which are directly installed in the soil.
Also in this case, the functional equipotential bonding conduc-
tor must be installed in the foundation (see “White tank™).

Pad foundations/point foundations

Pad foundations, also referred to as point foundations, are of-
ten used for industrial buildings. These pad foundations serve
as a foundation, e.g. for steel supports or concrete beams of
halls. The foundation slab is not closed. Since these structures
also require a functioning earth-termination system, earthing
measures are required for these pad foundations.

Foundation earth electrodes made of round or flat steel (galva-
nised) must have a length of at least 2.5 m in the pad founda-
tions and must be covered by a concrete layer of at least 5 cm
(Figure 5.5.2.24).

These “individual earth-termination systems” must be inter-
connected to prevent potential differences in the earth-termi-
nation system. This connection should be made on the lowest
floor, preferably in contact with the soil. Both the connecting
lines and the connection components of the pad foundation
must be made of corrosion-resistant stainless steel (V4A).

If these pad foundations are made of e.g. concrete with a high
resistance to water penetration (waterproof concrete), a ring
earth electrode made of stainless steel (V4A) with a mesh size
<20 m x 20 m must be installed in the soil.

Non-reinforced strip foundations

Spacers must be used in non-reinforced foundations such as
strip foundations of residential buildings. Only by using these
spacers at intervals of approximately 2 m, it is ensured that
the foundation earth electrode is “raised” and covered by a
concrete layer of at least 5 cm on all sides (Figures 5.5.2.25
and 5.5.2.26).

Wedge connectors must not be used when compacting (vi-
brating) this concrete mechanically. The foundation earth
electrode must be directly positioned on the subgrade and
must be made of stainless steel (V4A) if it is not possible
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to use a spacer due to the high-density subgrade (wet mix
aggregate with rocks, etc.).

Reinforced strip foundations

In case of reinforced strip foundations, the foundation earth
electrode is embedded in concrete as a closed ring. The rein-
forcement is also integrated and connected in such a way that
it is permanently conductive. Due to the risk of corrosion, it
must be observed that the foundation earth electrode is cov-
ered by a concrete layer of 5 cm. The connection components/
terminal lugs must be made of stainless steel (V4A).

Steel fibre concrete

Steel fibre concrete is a material which is produced by adding
steel fibres to the fresh concrete. In comparison to concrete
without fibres, steel fibre concrete may be subjected to tensile
force (tensile strength) within certain lim