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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.

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 III 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 Über-
spannungsschutz, Richtlinien zur Schadenverhütung” 
[“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:

 ¨ Its location,

 ¨ Its type of construction or

 ¨ Its 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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 – 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 623051:2010 (EN 623051:2011)
General principles 

IEC 623052:2010 (EN 623052:2012)
Risk management

Supplement 1 of the German DIN EN 623052  
standard:2013
Lightning threat in Germany

Supplement 2 of the German DIN EN 623052  
standard:2013
Calculation assistance for assessment of risk for structures

Supplement 3 of the German DIN EN 623052  
standard:2013
Additional information for the application of DIN EN 62305-2 
(VDE 0185-305-2)

IEC 623053:2010 (EN 623053:2011)
Physical damage to structures and life hazard

Supplement 1 of the German DIN EN 623053  
standard:2012
Additional information for the application of DIN EN 62305-3 
(VDE 0185-305-3)

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 m2 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 m2 of floor space and have a total floor 
space of more than 2000 m2;

5.  Exhibition areas whose exhibition rooms, individually 
or together, have more than 2000 m2 of floor space;

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

7. High-rise buildings (depending on the federal state);

8. Hospitals and other structures of a similar purpose;

9.  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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DIN V VDE V 0185600:2008 (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 619361:2010 (EN 619361:2010)
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 503411:2012
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 60364441:2005 (HD 60364441:2007)
Low-voltage electrical installations – Part 4-41: Protection for 
safety - Protection against electric shock

IEC 60364444:2001 (HD 603644443:2006)
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 60364444:2007 (HD 603644444:2010)
Low-voltage electrical installations – Part 4-444: Protection for 
safety – Protection against voltage disturbances and electro-
magnetic disturbances

IEC 60364553:2002 (HD 603645534:2008)
Low-voltage electrical installations – Selection and erection 
of electrical equipment – Isolation, switching and control – 
Clause 534: Devices for protection against overvoltages

Supplement 2 of the German DIN EN 623053  
standard:2012 
Additional information for special structures

Supplement 3 of the German DIN EN 623053  
standard:2012 
Additional information for the testing and maintenance of 
lightning protection systems

Supplement 4 of the German DIN EN 623053  
standard:2008 
Use of metallic roofs in lightning protection systems

Supplement 5 of the German DIN EN 623053  
standard:2014 
Lightning and overvoltage protection for photovoltaic power 
supply systems

IEC 623054:2010 (EN 623054:2011)
Electrical and electronic systems within structures

IEC 625611:2012 (EN 625611:2012)
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 625612:2012 (EN 625612:2012)
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 625613:2012 (EN 625613:2012)
Requirements for isolating spark gaps

IEC 625614:2010 (EN 625614:2011)
Requirements for conductor fasteners

IEC 625615:2011 (EN 625615:2011)
Requirements for earth electrode inspection housings and 
earth electrode seals

IEC 625616:2011 (EN 625616:2011)
Requirements for lightning strike counters 

IEC 625617:2011 (EN 625617:2012)
Requirements for earthing enhancing compounds
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Part 10 includes requirements for the erection, extension, 
modi fication 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 6164321:2000 (EN 6164321:2001)
Low voltage surge protective devices – Part 21: Surge protec-
tive devices connected to telecommunications and signalling 
networks – Performance requirements and testing methods

IEC 6164322:2004 (CLC/TS 6164322:2006)
Surge protective devices connected to telecommunications 
and signalling networks – Selection and application principles

IEC 6072811:2010 (EN 6072811:2010)
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 0855300:2008 (German standard)
Transmitting / receiving systems, safety requirements
Section 12 of Part 300 describes lightning / surge protection 
and earthing for antenna systems.

IEC 616631:1999 (EN 616631:1999)
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 616632:1999 (EN 616632:1999)
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 11271:2011
Explosion prevention and protection – Part 1: Basic concepts 
and methodology

This standard deals with the use of class I, II and III surge pro-
tective devices in low-voltage consumer’s installations for the 
protection against indirect contact.

IEC 60364554:2011 (HD 60364554:2011)
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 606641:2007 (EN 606641:2007)
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 I 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 603647712:2002 (HD 603647712:2005)
Solar photovoltaic (PV) power supply systems

CLC/TS 5053912:2010
SPDs connected to photovoltaic installations 

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

DIN VDE 08001:1989 (German standard)
General concepts requirements and tests for the safety of fa-
cilities and apparatus

DIN V VDE V 08002:2011 (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 080010:1991 (German standard)
Transitional requirements on erection and operation of instal-
lations
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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.

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 6007914:2007 (EN 6007914:2008)
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 für den Blitzschutz an 
eigensicheren Stromkreisen, die in Behälter mit brennbaren 
Flüssigkeiten eingeführt 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 

3.2 Explanatory notes on the  
IEC 623052 (EN 623052) 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, 

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

Nx 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?);

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

Lx 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 Nx , Px and Lx for all relevant risk components 
Rx. A comparison of the risk R with a tolerable risk RT provides 
information on the requirements for and dimensioning of light-
ning protection measures.

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 Rx rel-
evant to the particular type of loss. The individual risk compo-
nents Rx are derived from the following equation:

R
x
= N

x
P

x
L

x

Point of strike Example Type of damage Type of loss

Structure 
S1

D1
D2
D3

L1, L4 b

L1, L2, L3, L4
L1a, L2, L4

Near structure
S2

D3 L1a, L2, L4

Incoming line
S3

D1
D2
D3

L1, L4 b

L1, L2, L3, L4
L1a, L2, L4

Near incoming line
S4

D3 L1a, L2, L4

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
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Urban and rural districts 1999 – 2011
Total number of flashes to earth per km2 and year

100 km

N

≤ 0.60
≤ 0.95
≤ 1.10
≤ 1.30
≤ 1.60
≤ 1.80
≤ 2.40
≤ 3.00

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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A
D
= L W + 2 (3 H ) (L +W )+ (3 H )2

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

N
M
= N

G
A

M
10-6

AM 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 AM magnetically induce surges in installation loops in the 
structure.

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

N
L
= N

G
A

L
C

I
C

E
C

T
10-6

where NL is the annual number of surges on the line section 
with a maximum value of at least 1 kV.
CI 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 AL 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 CT (Table 
3.2.3.3). CE 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
L
= 40 L

L

where LL is the length of the line section. If the length of the 
line section is unknown, a worst case value of LL = 1000 m 
should be assumed.
As a rule, lightning strikes within the area AL lead to a high-
level discharge which can cause fire, explosion or a mechanical 
or chemical reaction in the relevant structure. Therefore, the 
frequency NL 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:

N
I
= N

G
A

I
C

I
C

E
C

T
10 6

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.

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 RT = 10-3 specified in the 
IEC standard may be used.
In the EN standard, there is no tolerable risk RT. 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:

ND Caused by direct lightning strikes to a structure;

NM Caused by nearby lightning strikes with magnetic ef-
fects;

NL Caused by direct lightning strikes to incoming lines;

NI 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 NG is 
the number of lightning strikes per km2 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
G

0.1 T
D

where TD 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
D
= N

G
A

D
C

D
10-6

AD is the equivalent collection area of the isolated structure in 
m2 (Figure 3.2.3.2). CD 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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3H
W

L

H
1:3

Figure 3.2.3.2 Equivalent collection area AD 
for direct lightning strikes to 
an isolated structure

Transformer CT

Low-voltage power, telecommunication or data line 1

High-voltage power line ( with high-voltage / low-voltage transformer) 0.2

Table 3.2.3.3 Line type factor CT

Routing CI

Overhead line 1

Buried 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 CI

Relative location of the structure CD

Structure surrounded by higher objects 0.25

Structure surrounded by objects of the same height or smaller 0.5

Isolated structure: no other objects in the vicinity (within a distance of 3H) 1

Isolated structure on a hilltop or a knoll 2

Table 3.2.3.1 Location factor CD

H

AM

AD

HJ

ADJ

500 m

L

W

3H

LJ

WJ

LL

AI

4000 m

40 m AL

Figure 3.2.3.3 Equivalent collection area AM , AL , AI for indirect lightning strikes to the structure

Environment CE

Rural 1

Suburban 0.5

Urban 0.1

Urban with tall buildings (higher than 20 m) 0.01

Table 3.2.3.4 Environmental factor CE
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In case of a direct lightning strike to the ground near an incom-
ing line (S4):

PZ 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 PA 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
A
= P

TA
P

B

PTA describes the typical protection measures against touch 
and step voltages (Table 3.2.4.1). PB 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 PTA 
is the product of the corresponding values. Moreover, it must 
be observed that the protection measures to reduce PA 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 PB (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 
3.2.4.2.
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
C
= P

SPD
C

LD

PSPD 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 PSPD are given in Table 3.2.4.3. A coordinated SPD sys-
tem only reduces PC if the structure is protected by an LPS or 

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

A
I
= 4000 L

L

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

If the line has more than one section, the values of NL and 
NI 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 NL and NI values connected 
to the internal systems with the lowest insulation strength 
(tele communication 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

PB 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):

PU Injury to living beings by electric shock

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

PW Failure of electrical / electronic systems 
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distribution). The same annexes can also be used for SPDs with 
higher probabilities of PSPD.
The factor CLD considers the shielding, earthing and insulation 
conditions of the line connected to the internal system. The 
values of CLD are given in Table 3.2.4.4.

Probabilities of damage in case of nearby lightning 
strikes
The probability PM 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 

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 PSPD may 
be reduced if the selected SPDs have better protection charac-
teristics (higher current carrying capability IN , lower voltage 
protection level UP , etc.) than required for lightning protection 
level I 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 

Additional protection measures PTA

No protection measures 1

Warning notices 10-1

Electrical insulation (e.g. at least 3 mm cross-linked polyethylene) of exposed parts (e.g. down conductors) 10-2

Effective potential control in the ground 10-2

Physical restrictions or building framework used as down conductor 0

Table 3.2.4.1 Values of probability PTA that a lightning strike to a structure will cause electric shock to living beings due to dangerous touch 
and step voltages

Properties of the structure Class of LPS PB

Structure is not protected by an LPS – 1

Structure is protected by an LPS

IV 0.2

III 0.1

II 0.05

I 0.02

Structure with an air-termination system conforming to class of LPS I and a continuous metal (or reinforced con-
crete) framework acting as a natural down-conductor system

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 PB describing the protection measures against physical damage

Table 3.2.4.3 Probability of damage PSPD describing the protection measure “coordinated surge protection” depending on the lightning  
protection level (LPL)

LPL PSPD

No coordinated SPD system 1

III – IV 0.05

II 0.02

I 0.01

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

0.005 – 0.001
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cal fibre cables or optocouplers is used, it can be assumed that 
PMS = 0.

The factors KS1 and KS2 for LPS or grid-like spatial shields can 
be assessed as follows:

K
S1

= 0.12 w
m1

K
S 2

= 0.12 w
m2

where wm1 (m) and wm2 (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 KS4 is calculated as follows:

K
S 4

=
1

U
W

where UW is the rated impulse withstand voltage of the sys-
tem to be protected in kV. The maximum value of KS4 is 1. If 
equipment with different impulse withstand voltage values is 
installed in an internal system, the factor KS4 must be selected 
according to the lowest value of the impulse withstand voltage.

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 PM . The probability PM is calculated as follows:

P
M
= P

SPD
P

MS

PSPD 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 
PMS are determined as follows:

P
MS

= (K
S1

K
S 2

K
S 3

K
S 4

)2

where

KS1 is the shielding effectiveness of the structure, LPS or 
other shields at the boundaries LPZ 0/1;

KS2 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);

KS4 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-

Type of external line Connection at entrance CLD CLI

Unshielded overhead line Undefined 1 1

Unshielded buried line Undefined 1 1

Power line with multi-grounded neutral conductor None 1 0.2

Shielded buried line (power or telecommunication line)
Shields not bonded to the same equipotential 
bonding bar as equipment

1 0.3

Shielded overhead line (power or telecommunication line)
Shields not bonded to the same equipotential 
bonding bar as equipment

1 0.1

Shielded buried line (power or telecommunication line)
Shields bonded to the same equipotential  
bonding bar as equipment

1 0

Shielded overhead line (power or telecommunication line)
Shields bonded to the same equipotential  
bonding bar as equipment

1 0

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

Shields bonded to the same equipotential  
bonding bar as equipment

0 0

(No external line)
No connection to external lines  
(stand-alone systems)

0 0

Any type
Isolating interfaces  
acc. to IEC 62305-4 (EN 62305-4)

0 0

Table 3.2.4.4 Values of factors CLD and CLI depending on shielding, earthing and insulation conditions
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isolating interfaces or SPDs at the entry point into the structure 
as per IEC 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):

P
V
= P

EB
P

LD
C

LD

The values of probability PW 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 

Probabilities of damage in case of direct lightning 
strikes to lines
The values of the probability PU 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):

P
U
= P

TU
P

EB
P

LD
C

LD

PTU 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 PTU is the product of the relevant values.
PEB 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 PEB may also be reduced if the 
selected SPDs have better protection characteristics (higher 
current carrying capability IN , lower voltage protection level 
UP , etc.) than required for LPL I at the relevant places of in-
stallation. A coordinated SPD system according to IEC 62305-4  
(EN 62305-4) is not required to reduce PU ; SPDs as per  
IEC 62305-3 (EN 62305-3) are sufficient.
PLD 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 CLD , which considers 
the shielding, earthing and insulation conditions of the line, 
can be selected from Table 3.2.4.4.
The values of probability PV 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 

Type of internal wiring KS3

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 m2)

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 
a loop surface of about 10 m2)

0.2

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 m2)

0.01

Shielded cables and cables running in metal conduits (the cable shields and metal conduits are connected to the 
equipotential bonding bar on both ends and equipment is connected to the same bonding bar)

0.0001

Table 3.2.4.5 Value of the factor KS3 depending on internal wiring

Protection measure PTU

No protection measure 1

Warning notices 10-1

Electrical insulation 10-2

Physical restrictions 0

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

Table 3.2.4.7 Probability of damage PEB describing the protection 
measure “lightning equipotential bonding” depend-
ing on lightning protection level (LPL)

LPL PEB

No SPD 1

III – IV 0.05

II 0.02

I 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.)

0.005 – 
0.001
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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):

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

Lf Loss due to physical damage (D2);

Lo 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:

Line type Routing, shielding and equipotential bonding Impulse withstand voltage UW in kV

1 1.5 2.5 4 6

Power or 
telecom-
munication 
lines

Overhead or buried line, unshielded or shielded, whose shield is not 
bonded to the same equipotential bonding bar as the equipment

1 1 1 1 1

Shielded overhead or buried line whose 
shield is bonded to the same equipo-
tential bonding bar as the equipment

5 Ω/km < RS ≤ 20 Ω/km 1 1 0.95 0.9 0.8

1 Ω/km < RS ≤ 5 Ω/km 0.9 0.8 0.6 0.3 0.1

RS ≤ 1 Ω/km 0.6 0.4 0.2 0.04 0.02

Table 3.2.4.8 Values of the probability PLD depending on the resistance of the cable shield RS and the impulse withstand voltage UW 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
W

= P
SPD

P
LD

C
LD

The values of PEB , PSPD , PLD and CLD 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 PZ 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
Z
= P

SPD
P

LI
C

LI

PSPD can be selected from Table 3.2.4.3. PLI 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 CLI (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 

Line type
Impulse withstand voltage 

UW in kV

1 1.5 2.5 4 6

Power lines 1 0.6 0.3 0.16 0.1

Telecommunication lines 1 0.5 0.2 0.08 0.04

Table 3.2.4.9 Values of the probability PLI depending on the line 
type and the impulse withstand voltage UW of the 
equipment
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rt 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);

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

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

hz 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 (hz) and reduction fac-
tors (rt , rp , rf). In other words, the loss value depends on the 
relation between the number of persons in the zone (nz) and 

Type of surface
Contact  

resistance kΩ a
rt

Agricultural, concrete ≤ 1 10-2

Marble, ceramic 1 – 10 10-3

Gravel, moquette, carpets 10 – 100 10-4

Asphalt, linoleum, wood ≥ 100 10-5

a Values measured between a 400 cm2 electrode compressed  
 with a force of 500 N and a point of infinity.

Table 3.2.5.1 Values of the reduction factor rt depending on the 
type of surface of the ground or floor

Measures rp

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

0.5

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

0.2

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

Type of special risk hz

No special risk 1

Low risk of panic (e.g. structures limited to two 
floors with up to 100 persons)

2

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

5

Difficulty of evacuation (e.g. structures with  
immobile persons, hospitals)

5

High risk of panic (e.g. structures for cultural and 
sport events with more than 1000 visitors)

10

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

Risk Type of risk rf

Explosion

Zone 0, 20 and solid explosives 1

Zone 1, 21 10-1

Zone 2, 22 10-3

Fire

High 10-1

Ordinary 10-2

Low 10-3

Explosion or fire None 0

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

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

LT is the typical mean percentage of victims injured by 
electric shock (D1) due to a dangerous event;
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additional loss of human life due to physical damage (LBE and 
LVE) should be taken into account when assessing the total loss 
(LBT and LVT):

L
BT

= L
B
+L

BE

L
VT

= L
V
+L

VE

L
BE

= L
VE

=
L

FE
t
e

8760
LFE Loss due to physical damage outside the structure;

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

If the time te is unknown, te / 8760 = 1 is to be assumed. LFE 
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 (rp , rf). Moreover, the relation between the 
number of served users in the zone (nz) and the total number 
of served users in the structure (nt) is important. There are up 
to six loss values:
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LF 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 LT 10-2 All types

D2: Physical damage LF

10-1 Risk of explosion

10-1 Hospital, hotel, school, public building

5 · 10-2 Building with entertainment facility, church, museum

2 · 10-2 Industrial structure, economically used plant

10-2 Others

D3: Failure of internal systems LO

10-1 Risk of explosion 

10-2 Intensive care unit and operating section of a hospital

10-3 Other areas of a hospital

Table 3.2.5.5 Type of loss L1: Typical mean values for LT , LF and LO

LF 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;

rt is a factor reducing the loss of human life depending 
on the type of ground or floor;

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

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

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

nz is the number of persons in the zone;

nt is the total number of persons in the structure;

tz 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 
LT , LF and LO 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 LF and LO 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 
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LF is the typical mean percentage of the value of all 
goods damaged by physical damage (D2) in case of a 
dangerous event;

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

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

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

ct 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 
LF (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 (rt , rp , rf).  
Moreover, the relation between the decisive value in the zone 
and the total value (ct) 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:

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

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

nz is the number of served users in the zone;

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

IEC 62305-2 (EN 62305-2) specifies typical mean values for LF 
and L0 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 (rp , rf). Moreover, the relation between the 
value of the zone (cz) and the total value (building and con-
tent) of the entire structure (ct) is important. There are two 
loss values:
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Type of damage Typical loss value Type of service

D2: Physical damage LF 10-1 Museum, gallery

Table 3.2.5.7 Type of loss L3: Typical mean values for LF

Type of damage Typical loss value Type of service

D2: Physical damage LF
10-1 Gas, water, power supply

10-2 TV, telecommunication

D3: Failure of internal systems LO
10-2 Gas, water, power supply

10-3 TV, telecommunication

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

Type of damage Meaning Value Meaning

D1
Injury of animals due to  
electric shock

ca Value of animals

D2 Physical damage ca + cb + cc + cs Value of all goods

D3 Failure of internal systems cs 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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cs is the value of the internal systems in the zone includ-
ing their activities;

ct 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 LT , 
LF and LO 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 (LBE and LVE) should be 
taken into account when assessing the total loss (LBT and LVT):
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LFE Loss due to physical damage outside the structure;

ce Total value of goods at dangerous locations outside 
the structure.
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LT is the typical mean percentage of the economic value 
of all goods damaged by electric shock (D1) in case of 
a dangerous event;

LF 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;

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

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

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

ca is the value of the animals in the zone;

cb is the value of the building related to the zone;

cc is the value of the content in the zone;

Type of damage Typical loss value Type of structure

D1: Injuries due to electric shock LT 10-2 All types

D2: Physical damage LF

1 Risk of explosion

0.5
Hospital, industrial structure, museum, agriculturally 
used plant

0.2
Hotel, school, office building, church, building with 
entertainment facility, economically used plant

0.1 Others

D3: Failure of internal systems LO

10-1 Risk of explosion 

10-2 Hospital, industrial structure, office building, hotel, 
economically used plant 

10-3 Museum, economically used plant, school, church, 
building with entertainment facility

10-4 Others

Table 3.2.5.9 Type of loss L4: Typical mean values for LT , LF and LO
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Rd 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 RT. For a structure which is 
sufficiently protected against the effects of a lightning strike 
we have:

R R
T

Table 3.2.7.1 shows the values of RT 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 RT . 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 , RB , RC , RM , 

LFE 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;

RB Risk of physical damage;

RC 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):

RU 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 (S4):

RZ Risk of failure of electrical and electronic systems.

The eight risk components can also be defined according to 
the point of strike:

Source of damage

Type of damage

S1  
Lightning strike 
to a structure

S2  
Lightning strike 
near a structure

S3  
Lightning strike to an 

incoming line

S4  
Lightning strike 

near an  
incoming line

D1: Injury of living beings due 
to electric shock

R
A
= N

D
P

A
L

A
R

U
= (N

L
+N

DJ
) P

U
L

U

D2: Physical damage R
B
= N

D
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B
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B
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V
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L
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V

D3: Failure of electrical and 
electronic systems

R
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C R
M
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Note:  For risk components RU , RV and RW , not only the frequency of direct lightning strikes to the line NL are important, but also the frequency 
of direct lightning strikes to the connected structure NDJ (see Figure 3.2.3.3)

Table 3.2.6.1 Risk components for different points of strike (sources of damage) and types of damage

Type of loss RT (1/year)

L1: Loss of human life or permanent injury 10-5

L2: Loss of service to the public 10-3

L3: Loss of cultural heritage 10-4

L4: Loss of economic value (only IEC 62305-2) 10-3

Table 3.2.7.1 Typical values for the tolerable risk RT
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RU , RV , RW and RZ , 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 RT, 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 (RA + RB + 
RU + RV) exceeds the tolerable risk RT. If this is the case, an ad-
equate lightning protection system (external and / or internal 
lightning protection) must be installed. If RA + RB + RU + RV 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-

Identify the structure to be protected

Protection needed

Identify the types of loss relevant to the structure

For each type of loss, identify and calculate 
the risk components RA , RB , RC , RM , RU , RV , RW , RZ

R > RT

Is LPS 
installed?

Structure 
protected

No

No

Yes

Are SPM 
installed?

Yes

No

RA + RB + RU + RV > RT

Yes

Install an 
adequate 

LPS

Install 
adequate 

SPM

Install other 
protection 
measures

No Yes

Calculate 
new values 

of risk 
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

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 RT , 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 CL in the structure are calculated by 
the sum of the loss in the individual zones CLZ:

C
LZ

= R
4Z

c
t

where

R4Z is the risk related to the loss of value in the zone with-
out protection measures;

ct 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 CRL 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 CRLZ:

C
RLZ

= R '
4Z

c
t

where

R’4Z is the risk related to loss of value in the zone with 
protection measures.

In case of a single zone, the following applies:

C
L
=C

LZ   or  CRL
=C

RLZ

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

C
PM

=C
P

(i +a +m)
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where

CP 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 SM is positive:

S
M
=C

L
(C

PM
+C

RL
)

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 

Properties of the structure or internal systems –  
Protection measures

RA RB RC RM RU RV RW RZ

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

• •

Lightning protection system (LPS) • • • • a • b • b

Surge protective device for lightning equipotential bonding • • • •

Isolating interfaces • c • c • • • •

Coordinated SPD system • • • •

Spatial shielding • •

Shielding of external lines • • • •

Shielding of internal lines • •

Routing precautions • •

Equipotential bonding network •
a Only for grid-like external LPS
b Due to equipotential bonding
c Only if they belong to equipment to be protected

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

Calculate all risk components RX 
relevant to R4

Define the value of the:
– Structure and the associated   
 activities
– Internal systems

Calculate the annual costs of the 
total loss CL and the costs of the 
remaining loss CRL if protection 

measures are taken  

Calculate the annual costs of the 
protection measures CPM

CPM + CRL > CL

Protection measures 
do not make 

economic sense

Yes

No

Protection measures 
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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If the structure is divided into several zones, the relevant val-
ues ca , cb , cc and cs 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 
(ct) and the values ca , cb , cc , cs 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 
RT 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
T

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 

case of lightning effects, must be assessed. To this end, the 
values of risk R4 , which are determined according to section 
3.2.5, are required. For this purpose, the values of the structure 
cb , of the content cc , of the internal systems (including their 
failure) cs and of animals ca , 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 ct 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: ca , buildings: cb , contents: cc , 
internal systems: cs). 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.

Type of structure Reference values Total value of ct

Non-industrial structures
Total reconstruction costs (do not include  
possible malfunction)

Low
ct per volume
(€/m3)

300

Ordinary 400

High 500

Industrial structures
Total value of the structure including buildings, 
installations and contents (includes possible 
malfunction)

Low
ct per employee
(k€ /AP)

100

Ordinary 300

High 500

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

Condition
Portion for 

animals
ca/ct

Portion for the 
building

cb/ct

Portion for the 
content

cc/ct

Portion for  
internal systems

cs/ct

Total for all 
goods

(ca+cb+cc+cs) /ct

Without animals 0 75 % 10 % 15 % 100 %

With animals 10 % 70 % 5 % 15 % 100 %

Table 3.2.9.2 Portions to assess the values ca , cb , cc , cs (EN 62305-2)
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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 623052 (EN 623052)

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.

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,  
Jülich campus
Heinrich-Mußmann-Str. 1
52428 Jülich, Germany

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. 

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

Figure 3.3.1 Start screen of the DEHNsupport Toolbox software
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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)

 ¨ Length of the line (outside the building)

 ¨ Environment

 ¨ Connected structure

 ¨ Type of internal cabling and

 ¨ Lowest rated impulse withstand voltage

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 R1 , Risk of loss of human life

 ¨ Risk R2 , Risk of loss of service to the public

 ¨ Risk R3 , Risk of loss of cultural heritage

 ¨ Risk R4 , 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 

Figure 3.3.1.1 Calculation of the collection area
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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/m2

 ¨ Ordinary risk of fire: Specific fire load > 400 MJ/m2

 ¨ High risk of fire: Specific fire load ≥ 800 MJ/m2

 ¨ 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:

 ¨ L1; Loss of human life

 ¨ L2; Loss of service to the public

 ¨ L3; Loss of cultural heritage

 ¨ L4; 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 R4) 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 R4 “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 ca

 ¨ Costs of the building cb

 ¨ Costs of internal systems including their activities cs

Figure 3.3.1.2 DEHN Risk Tool, division into zones Figure 3.3.1.3 DEHN Risk Tool, evaluation
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 ¨ Costs of the content cc

 ¨ Total costs of the structure (ca + cb + cc + cs) ct

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 ct of the structure (Table 
3.2.9.1)

 ¨ Proportional assessment of the values of ca , cb , cc and cs 

based on ct (Table 3.2.9.2)

In addition to ca ,  cb , cc and cs , the costs of protection measures 
cp 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 CL without protection measures

 ¨ Remaining loss costs CRL despite of protection measures

 ¨ Annual costs CPM of the protection measures

 ¨ Savings 

The calculated values are displayed in € / year.
If the assessment leads to positive savings SM , the protection 
measures make economic sense. If it leads to negative savings 
SM , 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).

3.3.2 DEHN Distance Tool; calculation of  
the separation distance according to  
IEC 623053 (EN 623053)

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 kc , 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 =
1
G

  G =
1
R

Table 3.3.1.1 DEHN Risk Tool, measures (excerpt)

Properties of the structure  
or internal systems 

Protection measures

RA RB RV

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

•

Lightning protection system (LPS) • • • b

Surge protective devices for lightning 
equipotential bonding

• • •

b  Due to equipotential bonding
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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 = 1 m

 ¨ Cross-section = 1 mm2

 ¨ 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.

 ¨ Selfconductance: Conductance of all conductances 
connected at one point I (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 3.3.2.1.2 Kirchhoff’s law: Example of a building with a mesh 
on the roof

Figure 3.3.2.1.1 Kirchhoff’s law with nodes

I1

I2 I3

I4

I5

I1 = I2 + I3 + I4 + I5 

node

I1

I2

I3

I4

I5

Figure 3.3.2.1.3 Kirchhoff’s law: Example of a building with air-
termination system

I1

I2

I6

I3

I4

I5

I8

I9

I1 = I2 + I3 + I4 + I5 + I...
I15 = I7 + I8

I14

I15

I16

I12

I7

I11

I10

Figure 3.3.2.1.4 Resistors of the building

R1

R2

R6 R7 R8 R9 R10 R11 R12 R13
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R14

0 V

I

0 V 0 V 0 V

R15 R16 R17
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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 623053 (EN 623053)

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”.

 ¨ 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):

1. Define 0 V potentials (ϕ0 in P0)

2. Define potentials (ϕ1 in P1, …)

3. Define self-conductances (G11 , G22 , Gnn)

4. Define mutual conductances (G12 , G23 , Gnm)

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 ϕ1 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 kc 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.

Figure 3.3.2.1.5 Node equation

G11 – G12 – G13 – G1m

G21 – G22 – G23 – G2m

G31 – G32 – G33 – G3m

Gn1 – Gn2 – Gn3 – Gnm

ϕ1

ϕ2

ϕ3

ϕn

I1
I2
I3
In

self-conductance

mutual conductance

P0

P0

P0

P0

node

P1 G11

G12 = G21

P2 G22 P3 G33

P4 G44 P5 G55 P6 G66

P7 G77 P8 G88 P9 G99

potential to be 
calculated ϕ1:

 mutual conductance G12 = mutual conductance G21
 G11 = self-conductance 
   (sum of G12 + G14 + G10)
 ϕ1 = node potential in point P1
 I1 = partial lightning current in point P1

Figure 3.3.3.1 DEHN Earthing Tool, type A earth-termination system
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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-

3.3.4 DEHN AirTermination Tool; calculation 
of the length of airtermination rods  
according to IEC 623053 (EN 623053)

Air-termination rods allow to integrate large areas in the 
protected volume of LPZ 0B . 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-

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

Onsite inspection
It must be checked whether:

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-

Class of LPS
Visual inspection 

(year)
Complete Inspection  

(year)

Complete inspection  
of critical situations a) b)

(year)

I and II 1 2 1

III and IV 2 4 1
a) 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. 

b) 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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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

 ¨ 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 Ω.
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 Ω). 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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 – 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.

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:

 ¨ Inspection 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.



LIGHTNING PROTECTION GUIDE  59www.dehn-international.com


