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 ¨ Rolling sphere method

 ¨ Mesh method

 ¨ Protective angle method

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

The three different methods are described below.

5.1.1 Types of air-termination systems and 
design methods

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

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

5.1 Air-termination systems
The function of the air-termination systems of a lightning pro-
tection system is to prevent that direct lightning strikes dam-
age the volume to be protected. They must be designed to 
avoid uncontrolled lightning strikes to the building / structure 
to be protected.
Correct dimensioning of the air-termination systems allows 
to reduce the effects of a lightning strike to a structure in a 
controlled way. 

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

 ¨ Rods

 ¨ Spanned wires and cables

 ¨ Meshed conductors

When determining the position of the air-termination systems 
of the lightning protection system, special attention must be 
paid to the protection of corners and edges of the structure to 
be protected. This particularly applies to air-termination sys-
tems on the surfaces of roofs and the upper parts of façades. 
Most importantly, air-termination systems must be mounted at 
corners and edges.
The following three methods can be used to determine the 
arrangement and the position of the air-termination systems 
(Figure 5.1.1):

h 1

h 2 α

r

air-termination rod

protective angle

mesh size M

down conductor

rolling sphere

earth-termination 
system

Maximum building height
Class
of LPS

Radius of the
rolling sphere (r)

Mesh
size (M)

I 20 m 5 x 5 m
II 30 m 10 x 10 m
III 45 m 15 x 15 m
IV 60 m 20 x 20 m

Figure 5.1.1 Method of designing air-termination systems for high buildings
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between the peak value I of the lightning current and the final 
striking distance hB (= radius of the rolling sphere):

r = 10 I 0.65

r in m
I in kA

The protection of buildings against lightning is described in the 
IEC 62305-1 (EN 62305-1) standard. Among other things, this 
standard defines the classification into the individual lightning 
protection levels / classes of LPS and stipulates the resulting 
lightning protection measures.
It differentiates between four classes of LPS. Class of LPS I 
provides the most protection and a class of LPS IV, by com-
parison, the least. The interception effectiveness Ei of the air-
termination systems is concomitant with the class of LPS, i.e. 
which percentage of the prospective lightning strikes is safely 
controlled by the air-termination systems. From this, the final 
striking distance and hence the radius of the rolling sphere 
is obtained. The relationships between lightning protection 
level / class of LPS, interception effectiveness of the air-termi-
nation systems, final striking distance / radius of the rolling 
sphere and current peak value are shown in Table 5.1.1.1.

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

downward leader. The head of the downward leader can only 
approach the earth within a certain distance. This distance is 
defined by the continuously increasing electrical field strength 
of the ground as the head of the downward leader approach-
es. The smallest distance between the head of the downward 
leader and the starting point of the upward leader is called 
the final striking distance hB (corresponds to the radius of the 
rolling sphere).
Immediately after the electrical insulation strength is exceeded 
at one point, the upward leader, which leads to the final strike 
and manages to cross the final striking distance, is formed. 
Observations of the protective effect of earth wires and pylons 
were used as the basis for the so-called electro-geometric 
model.

This is based on the hypothesis that the head of the downward 
leader approaches the objects on the ground, unaffected by 
anything, until it reaches the final striking distance. 
The point of strike is then determined by the object closest to 
the head of the downward leader. The upward leader starting 
from this point “forces its way through” (Figure 5.1.1.2). 

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

point afar from 
the head of the 
downward leader

starting
upward leader

downward
leader

head of the
downward leader

starting
upward leader

closest point to 
the head of the 
downward leader

rolling sphere 

final striking

distance h
B

Figure 5.1.1.1 Starting upward leader defining the point of strike

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

Figure 5.1.1.2 Model of a rolling sphere; 
source: Prof. Dr. A. Kern, Aachen
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any arrangement of objects to be investigated. A scale model 
(e.g. on a scale of 1:100) of the object to be protected, which 
includes the external contours and, where applicable, the air-
termination systems, is required to carry out the rolling sphere 
method. Depending on the location of the object under inves-
tigation, it is also necessary to include the surrounding build-
ings and objects since these could act as “natural protection 
measures” for the object under examination.
Furthermore, a true-to-scale sphere with a radius correspond-
ing to the final striking distance (depending on the class of LPS, 
the radius r of the rolling sphere must correspond true-to-scale 
to the radii 20, 30, 45 or 60 m) is required for the class of LPS. 
The centre of the rolling sphere used corresponds to the head 
of the downward leader towards which the respective upward 
leaders will approach.

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

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

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

Example 1: New administration building in Munich
At the design stage of the new administration building, the 
complex geometry led to the decision to use the rolling sphere 
method for identifying the areas threatened by lightning 
strikes.
This was possible because an architectural model of the new 
building was available on a scale of 1:100.
It was determined that class of LPS I was required, i.e. the ra-
dius of the rolling sphere in the model was 20 cm (Figure 
5.1.1.4).

The points where the rolling sphere touches parts of the build-
ing can be hit by a direct lightning strike with a corresponding 
minimum current peak value of 3 kA (Figure 5.1.1.5). Con-
sequently, adequate air-termination systems were required at 
these points. If, in addition, electrical installations were local-
ised at these points or in their immediate vicinity (e.g. on the 
roof of the building), additional air-termination measures were 
taken at these locations.
The application of the rolling sphere method meant that air-
termination systems were not installed where protection was 
not required. On the other hand, at locations where the pro-

r

r

r

r

r
r

building

rolling sphere

Figure 5.1.1.3 Schematic application of the rolling sphere method  
at a building with very irregular surface

Lightning  
protection level 

LPL

Probabilities for the limits of the  
lightning current parameters

Radius of the rolling 
sphere (final striking 

distance hB)  
r in m

Minimum peak value  
of current  

I in kA> minimum values < maximum values

IV 0.84 0.95 60 16

III 0.91 0.95 45 10

II 0.97 0.98 30 5

I 0.99 0.99 20 3

Table 5.1.1.1 Relation between lightning protection level, interception probability, final striking distance hB and minimum peak value of  
current I; source: Table 5 of IEC 62305-1 (EN 62305-1)
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tection against direct lightning strikes needed to be improved, 
this could be done (Figure 5.1.1.5).

Example 2: Aachen Cathedral
The cathedral stands in the middle of the old quarter of Aachen 
surrounded by several high buildings. Adjacent to the cathe-
dral is a scale model (1:100) whose purpose is to make it easier 
for visitors to understand the geometry of the building. 

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

Figure 5.1.1.6 also shows rolling spheres for classes of LPS II 
and III (i.e. with radii of 30 cm and 45 cm) on the model.
The aim here was to demonstrate the increasing requirements 
on the air-termination systems as the radius of the rolling 
sphere decreases, i.e. which areas of Aachen Cathedral had 
additionally to be considered at risk from lightning strikes if 
a class of LPS II providing a higher degree of protection was 
used.
The rolling sphere with the smaller radius (according to a class 
of LPS providing a higher lightning protection level) naturally 
also touches the model at all points already touched by the 
rolling sphere with the larger radius. It is thus only necessary 
to determine the additional contact points.
As demonstrated, the sag of the rolling sphere is decisive when 
dimensioning the air-termination system for a structure or a 
roof-mounted structure.

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

p r r
d

= − −










2

2

2

r Radius of the rolling sphere

d  Distance between two air-termination rods or two 
parallel air-termination conductors

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

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

Figure 5.1.1.6 Aachen Cathedral: Model with surroundings and roll-
ing spheres of classes of LPS II and III;  
source: Prof. Dr. A. Kern, Aachen

Figure 5.1.1.4 New administration building: Model with rolling 
sphere according to class of LPS I;  
source: WBG Wiesinger
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does not “roll on rails” but “sits deeper” instead, thus increas-
ing the penetration depth of the sphere (Figure 5.1.1.8).

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

Another way of determining the height of the air- termination 
rods is to use Table 5.1.1.2. The penetration depth of the 
rolling sphere is governed by the largest distance of the air-
termination rods from each other. Using the greatest distance, 
the penetration depth p (sag) can be read off from the table. 
The air-termination rods must be dimensioned according to the 
height of the roof-mounted structures (in relation to the loca-
tion of the air-termination rod) and also the penetration depth 
(Figure 5.1.1.9).
If, for example, a total air-termination rod height of 1.15 m is 
either calculated or obtained from the table, an air-termination 
rod with a standard length of 1.5 m is normally used.

∆h

d

rair-termination
conductor

pe
ne

tr
at

io
n 

de
pt

h 
p

Figure 5.1.1.7 Penetration depth p of the rolling sphere

d

∆
h

r

p

rectangular protected 
volume between four 
air-termination rods

Class of LPS
I II III IV

r 20 30 45 60

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

Table 5.1.1.2 Sag of the rolling sphere in case of two air-termina-
tion rods or two parallel air-termination conductors

 d
Sag of the rolling sphere 

[m] (rounded up)
Distance 
between 

the air-ter-
mination 
rods [m]

Class of LPS with rolling sphere radius [m]

I 
(20 m)

II 
(30 m)

III 
(45 m)

IV 
(60 m)

2 0.03 0.02 0.01 0.01
4 0.10 0.07 0.04 0.03
6 0.23 0.15 0.10 0.08
8 0.40 0.27 0.18 0.13

10 0.64 0.42 0.28 0.21
12 0.92 0.61 0.40 0.30
14 1.27 0.83 0.55 0.41
16 1.67 1.09 0.72 0.54
18 2.14 1.38 0.91 0.68
20 2.68 1.72 1.13 0.84
23 3.64 2.29 1.49 1.11
26 4.80 2.96 1.92 1.43
29 6.23 3.74 2.40 1.78
32 8.00 4.62 2.94 2.17
35 10.32 5.63 3.54 2.61

∆
h

 d  diagonal

domelight
installed on the roof

Figure 5.1.1.9 Calculation of Δh for several air-termination rods 
according to the rolling sphere method
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termination system, the individual meshes can be positioned 
as desired.
The air-termination conductors on the outer edges of the struc-
ture must be laid as close to the edges as possible.

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

Protective angle method
The protective angle method is derived from the electric-geo-
metric lightning model. The protective angle is determined by 
the radius of the rolling sphere. The protective angle, which is 
comparable with the radius of the rolling sphere, is given when 
a slope intersects the rolling sphere in such a way that the 
resulting areas have the same size (Figure 5.1.1.11).
This method must be used for buildings with symmetrical di-
mensions (e.g. steep roof) or roof-mounted structures (e.g. an-
tennas, ventilation pipes).

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

To simplify matters, the sag of the rolling sphere is assumed to 
be zero for a meshed air-termination system.
By using the ridge and the outer edges of the building as well 
as the metal natural parts of the building serving as an air-

Table 5.1.1.3 Mesh size

ground area

same  surface areasair-termi-
nation rod

r

α°

rolling sphere

protective 
angle

Figure 5.1.1.11 Protective angle and comparable radius of the roll-
ing sphere

e.g. gutter

Figure 5.1.1.10 Meshed air-termination system

h [m]

α° 80

70
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40

30

20
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0
 0 2 10 20 30 40 50 60

I II III IV

Figure 5.1.1.12 Protective angle α as a function of height h  
depending on the class of LPS

α° α°
h1

Figure 5.1.1.13 Cone-shaped protected volume

Class of LPS Mesh size

I 5 x 5 m

II 10 x 10 m

III 15 x 15 m

IV 20 x 20 m
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The protective angle depends on the class of LPS and the 
height of the air-termination system above the reference plane 
(Figure 5.1.1.12).

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

The protected volume can be “cone-shaped” or “tent-shaped”, 
if a cable, for example, is spanned over it (Figures. 5.1.1.13 
to 5.1.1.15).
If air-termination rods are installed on the surface of the roof 
to protect roof-mounted structures, the protective angle α can 
be different. In Figure 5.1.1.16, the reference plane for pro-
tective angle α1 is the roof surface. The protective angle α2 
has the ground as its reference plane and therefore the angle 
α2 according to Figure 5.1.1.12 and Table 5.1.1.4 is less 
than α1.
Table 5.1.1.4 provides the corresponding protective angle for 
each class of LPS and the corresponding distance (protected 
volume).

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

If such equipment is connected directly to the external LPS, 
partial currents are conducted into the building in the event of 
a lightning strike. This could result in the destruction of surge-
sensitive equipment. Direct lightning strikes to such structures 
protruding above the roof can be prevented by isolated air-
termination systems.
Air-termination rods as shown in Figure 5.1.1.17 are suitable 
for protecting smaller roof-mounted structures (with electrical 
equipment).
They form a “cone-shaped” protected volume and thus pre-
vent a direct lightning strike to the roof-mounted structure.

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

Isolated and non-isolated air-termination systems 
When designing the external lightning protection system of a 
building, we distinguish between two types of air-termination 
system:

angle α

angle α

Figure 5.1.1.14 Example of air-termination systems with protective 
angle α

α° h1

air-termination
conductor

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

Figure 5.1.1.15 Volume protected by an air-termination conductor

h1 h1

h2

α 2α
1

H

Note:
Protective angle α1 refers to the height of the air-termination system 
h1 above the roof surface to be protected (reference plane).
Protective α2 refers to the height  h2 = h1 + H, where the earth 
surface is the reference plane.

h1: Physical height of the air-termination rod

Figure 5.1.1.16 Volume protected by an air-termination rod
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Table 5.1.1.4 Protective angle α depending on the class of LPS

Height of the air-
termination rod  

h in m

Class of LPS I Class of LPS II Class of LPS III Class of LPS IV

Angle α Distance  
a in m Angle α Distance  

a in m Angle α Distance  
a in m Angle α Distance  

a in m
1 71 2.90 74 3.49 77 4.33 79 5.14
2 71 5.81 74 6.97 77 8.66 79 10.29
3 66 6.74 71 8.71 74 10.46 76 12.03
4 62 7.52 68 9.90 72 12.31 74 13.95
5 59 8.32 65 10.72 70 13.74 72 15.39
6 56 8.90 62 11.28 68 14.85 71 17.43
7 53 9.29 60 12.12 66 15.72 69 18.24
8 50 9.53 58 12.80 64 16.40 68 19.80
9 48 10.00 56 13.34 62 16.93 66 20.21

10 45 10.00 54 13.76 61 18.04 65 21.45
11 43 10.26 52 14.08 59 18.31 64 22.55
12 40 10.07 50 14.30 58 19.20 62 22.57
13 38 10.16 49 14.95 57 20.02 61 23.45
14 36 10.17 47 15.01 55 19.99 60 24.25
15 34 10.12 45 15.00 54 20.65 59 24.96
16 32 10.00 44 15.45 53 21.23 58 25.61
17 30 9.81 42 15.31 51 20.99 57 26.18
18 27 9.17 40 15.10 50 21.45 56 26.69
19 25 8.86 39 15.39 49 21.86 55 27.13
20 23 8.49 37 15.07 48 22.21 54 27.53
21 36 15.26 47 22.52 53 27.87
22 35 15.40 46 22.78 52 28.16
23 36 16.71 47 24.66 53 30.52
24 32 15.00 44 23.18 50 28.60
25 30 14.43 43 23.31 49 28.76
26 29 14.41 41 22.60 49 29.91
27 27 13.76 40 22.66 48 29.99
28 26 13.66 39 22.67 47 30.03
29 25 13.52 38 22.66 46 30.03
30 23 12.73 37 22.61 45 30.00
31 36 22.52 44 29.94
32 35 22.41 44 30.90
33 35 23.11 43 30.77
34 34 22.93 42 30.61
35 33 22.73 41 30.43
36 32 22.50 40 30.21
37 31 22.23 40 31.50
38 30 21.94 39 30.77
39 29 21.62 38 30.47
40 28 21.27 37 30.14
41 27 20.89 37 30.90
42 26 20.48 36 30.51
43 25 20.05 35 30.11
44 24 19.59 35 30.81
45 23 19.10 34 30.35
46 33 29.87
47 32 29.37
48 32 29.99
49 31 29.44
50 30 28.87
51 30 29.44
52 29 28.82
53 28 28.18
54 27 27.51
55 27 28.02
56 26 27.31
57 25 26.58
58 25 27.05
59 24 26.27
60 23 25.47

αangle

height h of the 
air-termination 

rod 

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

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

Isolated air-termination systems protect the complete struc-
ture against a direct lightning strike by means of air-termina-
tion rods, air-termination masts or masts with cables spanned 
over them. When installing the air-termination systems, the 
separation distance s from the building must be maintained 
(Figures 5.1.1.20 and 5.1.1.21).
Isolated air-termination systems are frequently used when the 
roof is covered with flammable material (e.g. thatched roof) or 
also for systems located in hazardous areas (e.g. tanks) (see 
also chapter 5.1.5 “Air-termination system for buildings with 
thatched roofs”).

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

 ¨ Isolated

 ¨ Non-isolated
The two types can be combined.

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

Figure 5.1.1.18 Gable roof with conductor holder

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

s s

α α

reference plane

protected 
structure

air-
termination 

mast

air-
termination 
mast

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

Figure 5.1.1.20 Isolated external lightning protection system with 
two separate air-termination masts according to 
the protective angle method: Projection on a  
vertical surface

Figure 5.1.1.17 Protection of small-sized roof-mounted structures 
against direct lightning strikes by means of air-
termination rods
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If a building has a steel frame construction with a metal roof 
and façade made of conductive material, these parts can be 
used for the external lightning protection system, under cer-
tain circumstances.
Sheet metal claddings at or on top of the building to be pro-
tected can be used if the electrical connection between the 
different parts is permanent. These permanent electrical con-
nections can be made by e.g. soldering, welding, pressing, 
screwing or riveting. Qualified persons may also establish con-
nections by means of soft-soldering. The continuously soldered 
surface of the connection must be at least 10 cm2 with a width 
of at least 5 mm.
If there is no electrical connection, these elements must be ad-
ditionally connected e.g. by means of bridging braids or bridg-
ing cables.
If the thickness of the sheet metal is not less than the value t'  
in Table 5.1.1.5 and if melting of the sheets at the point of 
strike or the ignition of flammable material under the clad-
ding does not have to be taken into account, such sheets can 
be used as an air-termination system. The material thicknesses 
are not distinguished according to the class of LPS. 
If it is, however, necessary to take precautionary measures 
against melting or intolerable heating at the point of strike, 
the thickness of the sheet metal must not be less than value t 
in Table 5.1.1.5.

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

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

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

If conductive parts are located on the surface of the roof, they 
can be used as a natural air-termination system if there is no 
conductive connection into the building.
By connecting e.g. pipes or incoming electrical conductors, 
partial lightning currents can enter the structure and interfere 
with or even destroy sensitive electrical / electronic equipment.

fibre reinforced plastic) to secure the air-termination systems 
(air-termination rods, conductors or cables) at the object to be 
protected.
This form of isolation can be limited to local use or applied to 
whole parts of the installation. It is often used for roof-mount-
ed structures such as ventilation systems or heat exchangers 
which have an electrically conductive connection into the 
building (see also chapter 5.1.8).

Natural components of air-termination systems
Metal structural parts such as roof parapets, gutters, railings 
or claddings can be used as natural components of an air-
termination system.

Table 5.1.1.5 Minimum thickness of sheet metal 

Class 
of LPS

Material
Thickness a  

t [mm]
Thickness b 

t' [mm]

I to IV

Lead – 2.0

Steel (stainless, 
galvanised)

4 0.5

Titanium 4 0.5

Copper 5 0.5

Aluminium 7 0.65

Zinc – 0.7
a t prevents puncture
b t` only for sheet metal if puncture, overheating and ignition  

does not have to be prevented

s2

s 1

s2

reference plane

protected 
structure

air-termi-
nation mast

s1, s2 separation distance according to 
 IEC 62305-3 (EN 62305-3)

horizontal 
air-termination 
conductor

air-termi-
nation mast

Figure 5.1.1.21 Isolated external lightning protection system 
consisting of two separate air-termination masts 
connected by a horizontal air-termination conduc-
tor: Projection on a vertical surface via the two 
masts (vertical section)
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Generally, the metal gutter is used for closing the “mesh” of 
the air-termination system on the roof surface. If the gutter 
itself is connected in such a way that it is conductive, a gutter 
clamp is mounted at the cross point between the air-termina-
tion system and the gutter.

Roof-mounted structures made of non-conductive material 
(e.g. PVC vent pipes) are considered to be sufficiently protect-
ed if they do not protrude more than h = 0.5 m from the plane 
of the mesh (Figure 5.1.2.2).

If such a roof-mounted structure protrudes more than h = 0.5 m,  
it must be equipped with an air-termination system (e.g. air-
termination tip) and connected to the nearest air- termination 
conductor. To this end, a wire with a diameter of 8 mm up 
to a maximum free length of 0.5 m can be used as shown in 
Figure 5.1.2.3.

Metal roof-mounted structures without conductive connection 
into the structure do not have to be connected to the air-ter-
mination system if all of the following conditions are fulfilled:

 ¨ Roof-mounted structures may protrude a maximum dis-
tance of 0.3 m from the roof level

 ¨ Roof-mounted structures may have a maximum enclosed 
area of 1 m2 (e.g. dormers)

 ¨ Roof-mounted structures may have a maximum length of  
2 m (e.g. sheet metal roofing)

Only if all three conditions are met, no connection is required. 
Furthermore, the separation distance to the air-termination 
and down conductors must be maintained for the above men-
tioned conditions (Figure 5.1.2.4).

In order to prevent these partial lightning currents, isolated air-
termination systems must be installed for such roof-mounted 
structures.
The isolated air-termination system can be designed using the 
rolling sphere or protective angle method. An air-termination 
system with a mesh size according to the class of LPS used can 
be installed if the whole arrangement is elevated (isolated) by 
the required separation distance s.

A universal component system for installing isolated air-termi-
nation systems is described in chapter 5.1.8.

5.1.2 Air-termination systems for buildings 
with gable roofs

Air-termination systems on roofs include all metal compo-
nents, e.g. air-termination conductors, air-termination rods, 
air-termination tips.
The parts of the structure typically hit by lightning strikes 
such as gable peaks, chimneys, ridges and arrises, the edges 
of gables and eaves, parapets and other protruding structures 
mounted on the roof must be equipped with air-termination 
systems.

Normally, a meshed air-termination network is installed on the 
surface of gable roofs with a mesh size according to the class of 
LPS (e.g. mesh size of 15 m x 15 m for class of LPS III) (Figure  
5.1.2.1).
By using the ridge and the outer edges as well as the met-
al parts serving as an air-termination system, the individual 
meshes can be positioned as desired. The air-termination con-
ductors on the outer edges of the building must be installed as 
close to the edges as possible.

Figure 5.1.2.1 Air-termination system on a 
gable roof

h

Figure 5.1.2.2 Height of a roof-mounted struc-
ture made of non-conductive 
material (e.g. PVC), h ≤ 0.5 m

Figure 5.1.2.3 Additional air-termination 
system for vent pipes
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termination systems are used and the air-termination rods are 
installed by means of spacers. The metal pipe must be con-
nected to the equipotential bonding system. 

The assembly to protect parabolic antennas is similar to that to 
protect chimneys with a metal pipe.

In the event of a direct lightning strike to antennas, partial 
lightning currents can enter the building to be protected via 
the shields of the coaxial cables and cause the interference 

Figure 5.1.2.4  Building with photovoltaic system and sufficient  
separation distance; source: Blitzschutz Wettingfeld, 
Krefeld

Air-termination rods for chimneys must be installed to ensure 
that the entire chimney is located in the protected volume. The 
protective angle method is used to dimension the air-termina-
tion rods.
If the chimney is brick-built or constructed with preformed sec-
tions, the air-termination rod can be directly mounted on the 
chimney.
If there is a metal pipe in the interior of the chimney, e.g. if 
an old building is renovated, the separation distance to this 
conductive part must be maintained. To this end, isolated air-

Figure 5.1.2.5  Antenna with air-termination rod and spacer

Roof conductor holder
of type FB2
Part. No. 253 050

Roof conductor holder
of type FB
Part. No. 253 015

Bridging braid
Part. No. 377 015

expansion piece

distance between the 
roof conductor holders 
of approx. 1 m

flexible connection

Figure 5.1.3.1 Air-termination system on a flat roof
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and destruction described before. To prevent this, antennas 
are equipped with isolated air-termination systems (e.g. air-
termination rods) (Figure 5.1.2.5).
Air-termination systems on the ridge have a tent-shaped pro-
tected volume (according to the protective angle method). The 
angle depends on the height above the reference plane (e.g. 
surface of the earth) and the selected class of LPS.

5.1.3 Air-termination systems for buildings 
with flat roofs

The mesh method is used to design an air-termination system 
for buildings with flat roofs (Figure 5.1.3.1). A meshed air-
termination network with a mesh size according to the class of 
LPS is arranged on the roofing (Table 5.1.1.3).

Figure 5.1.3.2 illustrates the practical application of the 
meshed air-termination system in combination with air-ter-
mination rods to protect the structures mounted on the roof, 
e.g. domelights, photovoltaic modules or fans. Chapter 5.1.8 
shows how to deal with these roof-mounted structures.

Roof conductor holders on flat roofs are laid at intervals of ap-
proximately 1 m. The air-termination conductors are connected 
to the roof parapet which is used as a natural component of 
the air-termination system. As the temperature changes, so 
does the length of the materials used for the roof parapet. 
Therefore, the individual segments must be equipped with 
“slide sheets”.
If the roof parapet is used as an air-termination system, these 
individual segments must be permanently interconnected so 
as to be electrically conductive without restricting their ability 
to expand. This can be achieved by means of bridging braids, 
brackets or cables (Figure 5.1.3.3).

The changes in length resulting from changes in temperature 
must also be taken into account for air-termination conductors 
and down conductors (see chapter 5.4.1).

A lightning strike to the roof parapet can melt the material 
used. If this is not acceptable, an additional air-termination 
system, e.g. with air-termination tips, must be installed using 
the rolling sphere method (Figure 5.1.3.4).

Conductor holders for flat roofs, homogeneously 
welded
Under wind conditions, roof sheetings can horizontally move 
across the roof surface if they are not properly fixed / laid on 
the surface. To ensure that conductor holders for air-termi-
nation systems are not displaced on the smooth surface, the 
air-termination conductor must be fixed. Conventional roof 

Figure 5.1.3.2 Practical use of air-termination rods

Figure 5.1.3.3 Bridging braid used for the roof parapet

bridging 
bracket

Figure 5.1.3.4 Example how to protect the metal capping of the roof 
parapet if melting is not allowed (front view)
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5.1.4 Air-termination systems on metal roofs
Modern industrial and commercial buildings often have metal 
roofs and façades. The metal sheets and plates on the roofs are 
usually 0.7 to 1.2 mm thick.

Figure 5.1.4.1 shows an example of the construction of a 
metal roof. When such a roof is hit by a direct lightning strike, 
melting or vaporisation at the point of strike can leave a hole 
in the roof. The size of the hole depends on the energy of the 
lightning strike and the material properties of the roof (e.g. 
thickness). The biggest problem is the subsequent damage, 
e.g. ingress of moisture, at this point. Days or weeks can pass 
before this damage is noticed. The roof insulation gets damp 
and / or the ceiling gets wet and is thus no longer rainproof.

One example of damage which was assessed using the  
Siemens Lightning Information Service (Blitz-Informations 
Dienst von Siemens (BLIDS)) illustrates this problem (Figure 
5.1.4.2). A current of approximately 20,000 A struck the sheet 
metal and left a hole there (Figure 5.1.4.2: Detail A). Since 
the sheet metal was not earthed by a down conductor, flash-
over to natural metal parts in the wall occurred in the area 
around the fascia (Figure 5.1.4.2: Detail B) which also left 
a hole.
To prevent such kind of damage, a suitable external lightning 
protection system with lightning current carrying wires and 
clamps must be installed even on a “thin” metal roof. The  

conductor holders cannot be permanently bonded to roof 
sheetings since they usually do not permit the application of 
adhesives.
A simple and safe way of fixing air-termination conductors is 
to use roof conductor holders of type KF in combination with 
strips (strips must be cut to the desired length) made of the 
roof sheeting material. The strip is clamped into the plastic 
holder and both sides are welded onto the sealing. Holder 
and strip should be positioned directly next to a roof sheeting 
joint at a distance of approximately 1 m. The membrane strip 
is welded to the roof sheeting according to the roof sheeting 
manufacturer's instructions. This prevents air-termination con-
ductors from being displaced on flat roofs.

If the slope of the roof is greater than 5 °, every roof conduc-
tor holder must be fixed, if it is smaller than 5 °, only every 
second conductor holder must be fixed. If the slope of the roof 
is greater than 10 °, the roof conductor holder may not be suit-
able any more depending on the installation situation. 
If the plastic roof sheetings are mechanically fixed, the roof 
conductor holders must be arranged in the immediate vicinity 
of the mechanical fixing.
When carrying out this work, it must be observed that the 
roofer is liable for welding and bonding work on the sealing.
Therefore, the work may only be carried out in agreement with 
the roofer responsible for the particular roof or must be carried 
out by himself (Figure 5.1.3.5).

~300

~70

~ 300

~90

distance between the roof 
conductor holders of approx. 1 m

flexible connection

Figure 5.1.3.5 Plastic flat roof sheetings – Roof conductor holder of type KF / KF2
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Figure 5.1.4.5 shows a conductor holder with fixed conduc-
tor routing and an air-termination tip on a trapezoidal roof. 
To reliably prevent the ingress of moisture, the conductor hold-
er must be hooked into the fixing screw above the cover plate 
for the drill hole.

IEC 62305-3 (EN 62305-3) lightning protection standard clear-
ly illustrates the risk for metal roofs. Where an external light-
ning protection system is required, the metal sheets must have 
the minimum values stated in Table 5.1.1.5.

The thicknesses t are not relevant for roofing materials. Metal 
sheets with a thickness t’ may only be used as a natural air-
termination system if puncture, overheating and melting is ac-
cepted. The owner of the structure must agree to accept this 
type of roof damage since the roof will no longer be rainproof. 

If the owner does not accept damage to the roof in the event 
of a lightning strike, a separate air-termination system must 
be installed on a metal roof so that the rolling sphere (radius 
r according to the class of LPS) does not touch the metal roof 
(Figure 5.1.4.3).

In this case, an air-termination system with many air-termina-
tion tips is recommended.

The heights of air-termination tips in Table 5.1.4.1 have prov-
en effective in practice, regardless of the class of LPS.

When fixing the conductors and air-termination tips, no holes 
may be drilled into the metal roof. A number of conductor hold-
ers is available for the different types of metal roofs (round 
standing seam, standing seam, trapezoidal). Figure 5.1.4.4a 
shows adequate conductors for a metal roof with round stand-
ing seam. If conductor holders with lightning current carrying 
clamp are used, an air-termination tip can be directly fixed.

It must be observed that e.g. on a trapezoidal roof the con-
ductor in the conductor holder located at the highest point 
of the roof must be fixed, whereas the conductors in all other 
conductor holders must be routed loosely due to the length 
compensation resulting from the changes in temperature  
(Figure 5.1.4.4b).

Figure 5.1.4.1 Types of metal roofs, e.g. roofs 
with round standing seam

detail B

detail A

residential building
evaluation: BLIDS – SIEMENS

I = 20400 A

Figure 5.1.4.2 Example of damage: Sheet metal

rolling sphere 
with a radius acc. 
to class of LPS

air-termination tip

Figure 5.1.4.3 Air-termination system on a metal roof – Protection 
against puncture

Table 5.1.4.1 Lightning protection for metal roofs – Height of the 
air-termination tips

Suitable for all classes of LPS

Distance of the  
horizontal conductors

Height of the air- 
termination tip*)

3 m 0.15 m

4 m 0.25 m

5 m 0.35 m

6 m 0.45 m
*) recommended values
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5.1.5 Air-termination system for buildings 
with thatched roof

In general, class of LPS III is suited for such a structure. In indi-
vidual cases, a risk analysis based on IEC 62305-2 (EN 62305-2)  
can be performed.
Section 4.3 of Supplement 2 of the German DIN EN 62305-3  
standard places special requirements on the installation of the 
air-termination system for buildings with thatched roof.
The air-termination conductors on such roofs made of thatch, 
straw or reed must be fastened across insulating supports so 

Figure 5.1.4.6 shows a conductor holder with loose conduc-
tor routing on a standing seam roof.
Figure 5.1.4.6 also shows the current carrying connection to 
the standing seam roof at the edge of the roof. Unprotected 
installations protruding above the roof such as domelights 
and smoke vents are exposed to lightning strikes. In order to 
prevent these installations from being struck by direct light-
ning strikes, air-termination rods must be installed next to the 
installations protruding above the roof (Figure 5.1.4.7). The 
height of the air- termination rod depends on the protective 
angle α.

Figure 5.1.4.5 Sample construction o a trap-
ezoidal sheet roof, conductor 
holder with clamping frame

Figure 5.1.4.6 Sample construction on a 
standing seam roof

Figure 5.1.4.7 Air-termination rod for a dome-
light on a round standing seam 
roof 

Parallel conector
St/tZn Part No. 307 000

Roof conductor holder 
for metal roofs,
loose conductor routing, 
DEHNgrip conductor holder
StSt Part No. 223 011
Al Part No. 223 041

Roof conductor holder 
for metal roofs, capable of 
carrying lightning currents, 
fixed conductor routing, 
with clamping frame
StSt Part No. 223 010
Al Part No. 223 040  

Figure 5.1.4.4a Conductor holders for metal roofs – Round standing seam

roof connection

bridging braid

conductor holder with
loose conductor routing

bridging cable

KS connector

air-termination tip

Figure 5.1.4.4b Conductor holder for metal roofs – 
Round standing seam
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The exact distance of the down 
conductors from each other can be 
determined by calculating the sep-
aration distance s in accordance 
with IEC 62305-3 (EN 62305-3).

The calculation of the separation 
distance is described in chap - 
ter 5.6.

Ideally, ridge conductors should 
have a span width up to about 
15 m and down conductors up to 
about 10 m without additional 
supports.
Span stakes must be firmly con-
nected to the roof structure (raft-
ers and crossbars) by means of an-
chor bolts and washers (Figures 
5.1.5.1 to 5.1.5.3).

Metal parts situated on the roof 
surface (such as wind vanes, irriga-
tion systems, antennas, sheet met-

al, conductors) must be completely located in the protected 
volume of isolated air-termination systems.

If this is not possible, efficient lightning protection must be en-
sured in these cases. To this end, an isolated external lightning 
protection system with air-termination rods next to the struc-
ture, air-termination conductors or air-termination networks 
between masts next to the building must be installed.

that they are free to move. Certain distances must also be 
maintained around the eaves.
When a lightning protection system is installed on a roof at 
a later date, the distances must be increased so that when 
re-roofing is carried out, the necessary minimum distances are 
maintained at any time. 
For a class of LPS III, the typical distance of the down conduc-
tors is 15 m.

A1
A2 A3

A1 A2 A3

A6 A5 A4

d

b

c

a

Air-termination conductor
Connecting point
Test joint
Earth conductor
Down conductorA

Symbols

Important distances (minimum values)
a 0.6 m Air-term. conductor / ridge
b 0.4 m Air-term. conductor / roofing
c 0.15 m Eaves / eaves support
d 2.0 m Air-term. conductor / tree branches

Figure 5.1.5.1 Air-termination system for buildings with thatched roofs

Nr. Benennung Art. Nr.

Spannkappe mit Fangstange 145 309

Holzpfahl 145 241

Dachleitungsstütze 240 000

Traufenstütze 239 000

Abspannkloben 241 009

Fangleitung (z. B. Al-Seil) 840 050

No. Description Part No.

Clamping cap with air-term. rod 145 309

Wooden stake 145 241

Roof conductor support 240 000

Eaves support 239 000

Guy clamp 241 009

Air-term. conductor (e.g. Al cable) 840 050

Figure 5.1.5.2 Components for thatched roofs
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requirements for buildings with thatched roof (IEC 62305-3  
(EN 62305-3)).
The ridge of the object is made of heather and is protected by 
a plastic meshed network to prevent birds from taking away 
the heather. 
When planning the air-termination system, the rolling sphere 
method must be used to determine the protected volumes. Ac-

If a thatched roof is situated next to metal roofing material and 
if the building has to be equipped with an external lightning 
protection system, a non-conductive roofing material with a 
width of at least 1 m, e.g. made of plastic, must be inserted 
between the thatched roof and the rest of the roof.

Tree branches must be kept at least 2 m away from a thatched 
roof. If trees are very close to, and higher 
than, a building, an air-termination conduc-
tor must be mounted on the edge of the 
roof facing the trees (edge of the eaves, ga-
ble) and connected to the lightning protec-
tion system. The necessary distances must 
be maintained.
Another possibility to protect thatched 
buildings from lightning strikes is to install 
air-termination masts which ensure that 
the entire building is located in the pro-
tected volume.
This is described in chapter 5.1.8 “Isolated 
air-termination systems” (telescopic light-
ning protection masts).

A new and architecturally appealing pos-
sibility to install an isolated lightning pro-
tection system is to use insulated down 
conductors.
Figure 5.1.5.4 shows insulated down con-
ductors installed on a historical farmhouse.

A lightning protection system according 
to class of LPS III was installed on the his-
torical farmhouse. This meets the normative 

Figure 5.1.5.3 Thatched roof Figure 5.1.5.4 Historical farmhouse with external lightning protection system;  
source: Hans Thormählen GmbH & Co.KG.

2 
m

10
 m

1 
m

13 m

rollin
g sphere with r =

 45 m
GRP/Al supporting tube Ø 50 mm

 Legend:
 Down conductor
 HVI Conductor  
 (underneath 
 the roof)
 Earth conductor
 Test joint
 Thatched roof

1.
5 

m

Figure 5.1.5.5 Sectional view of the main building
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established by means of a flexible conductor H07V-K 1 x 16 mm2.  
The supporting tube is fixed at a special construction (crossbar) 
and the down conductors are routed along the rafters of the 
roof construction underneath the battens (Figure 5.1.5.6). At 
the eaves, the HVI Conductors are led through the fascia board 
(Figure 5.1.5.7).
For architectural reasons, down conductors are installed in 
aluminium further down. The transition of the HVI Conductor 
to the uninsulated, bare down conductor near the earth-termi-
nation system and the installation of HVI Conductors are de-
scribed in the relevant installation instructions. A sealing end 
is not required in this case.

cording to the standard, a rolling sphere radius of 45 m must 
be used for class of LPS III. In our example, the height of the 
air-termination system is 2.30 m. This height ensures that the 
two chimneys at the ridge and the three new dormers on the 
roof are located in the protected volume (Figure 5.1.5.5).

A supporting tube made of GRP (glass-fibre reinforced plas-
tic) was chosen to elevate the air-termination system and to 
accept the insulated down conductors. The lower part of the 
supporting tube is made of aluminium to ensure mechanical 
stability. Unwanted sparking may occur in this section as a 
result of the induction effects on adjacent parts. To avoid this, 
no earthed parts or electrical equipment may be located at a 
distance of 1 m around the aluminium tube. Therefore, e.g. ny-
lon tie wires should be used for ridges made of heather or sod.
Electrical isolation between air-termination systems and 
down conductors and between the metal installations to be 
protected and equipment of power supply and information 
technology systems in the structure requiring protection can 
be achieved by maintaining a separation distance s between 
these conductive parts. This separation distance must be de-
termined according to the IEC 62305-3 (EN 62305-3) standard. 
The high-voltage-resistant, insulated HVI Conductor has an 
equivalent separation distance of s = 0.75 m (air) or s = 1.50 m  
(solid material). Figure 5.1.5.6 shows the arrangement of the 
down conductor.
The HVI Conductor is installed in the supporting tube and con-
nected via a central earthing busbar. Equipotential bonding is 

supporting tube with in-
tegrated HVI Conductor

ridge made of 
heather or sod

bolted crossbar HVI Conductor installed under-
neath the roof up to the eaves

HVI Conductor 
installed in the 
supporting tube

film for sealing the mast

opening in the fascia board

MEB

 Legend:
 Down conductor
 HVI Conductor  
 (underneath 
 the roof)
 Earth conductor
 Test joint 
 Thatched roof

Figure 5.1.5.6 Schematic diagram and picture of the installation of the down conductor at the rafter

opening in the fascia board

HVI Conductor

Figure 5.1.5.7 HVI Conductor led through the fascia board



82  LIGHTNING PROTECTION GUIDE www.dehn-international.com

Furthermore, e.g. lighting masts can also be used as air-termi-
nation rods to prevent life hazards. In this case, however, the 
partial lightning currents which may enter the structure via the 
power lines must be observed. Therefore, it is imperative to 
establish lightning equipotential bonding for these lines.

5.1.7 Air-termination system for green and 
flat roofs

Green roofs can make economic and ecological sense since 
they provide noise insulation, protect the roofing, suppress 
dust from the ambient air, provide additional heat insulation, 
filter and retain rainwater and are a natural way of improv-
ing the living and working atmosphere. Moreover, green roofs 
are publically funded in many regions. A distinction is made 
between so-called extensive and intensive green roofing. Ex-
tensive green roofing requires little effort, in contrast to in-
tensive green roofing which requires fertiliser, irrigation and 
cutting. For both types of green roofing, either earth substrate 
or granulate must be laid on the roof.
It is even more complicated if the granulate or substrate has to 
be removed due to a direct lightning strike.
If no external lightning protection system is installed, the roof 
sealing can be damaged at the point of strike.

Experience has shown that, regardless of the effort required, 
the air-termination system of an external lightning protection 
system can and should be installed on the surface of a green 
roof.

5.1.6 Accessible roofs
It is not possible to mount air-termination conductors (e.g. 
with concrete blocks) on roofs which are accessible by vehi-
cles. One possible solution is to install the air-termination con-
ductors in either concrete or in the joints between the decks. 
If the air-termination conductor is installed in these joints, air-
termination studs are fixed at the intersections of the meshes 
as defined points of strike.
The mesh size must not exceed the value specified for the rel-
evant class of LPS (see chapter 5.1.1, Table 5.1.1.3).

If it is ensured that persons do not stay in this area during a 
thunderstorm, it is sufficient to take the measures described 
above. 
Persons who have access to the parking deck must be informed 
by a notice that they must immediately clear this parking deck 
when a thunderstorm occurs and not return for the duration of 
the storm (Figure 5.1.6.1).

If it is likely that persons stay on the roof surface during a 
thunderstorm, the air-termination system must be designed to 
protect these persons from direct lightning strikes, assuming 
they have a height of 2.5 m (with stretched arm). The rolling 
sphere or the protective angle method can be used to dimen-
sion the air-termination system according to the class of LPS 
(Figure 5.1.6.2).

These air-termination systems can consist of spanned cables or 
air-termination rods. The air-termination rods are fixed to e.g. 
structural elements such as parapets or the like.

Discharge via steel reinforcement

Conductors installed in concrete 
or in the joints of the roadway

Air-termination stud 
Part No. 108 009

Warning: Keep off 
the park deck during 
thunderstorms!

Figure 5.1.6.1 Lightning protection system for a car park roof – 
Protection of the building

h

r

Height of the air-termination rod dimensioned 
according to the required protected volume

Additional 
air-termination 

cable

h = 2.5 m + s

Figure 5.1.6.2 Lightning protection system for a car park roof –  
Protection of the building and persons (IEC 62305-3 
(EN 62305-3); Annex E)
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According to the state of the art of lightning protection tech-
nology, such roof-mounted structures are protected against 
direct lightning strikes by means of separately mounted air-
termination systems. This prevents partial lightning currents 
from entering the building where they would interfere with or 
even destroy sensitive electrical / electronic equipment.

In the past, these roof-mounted structures were directly con-
nected so that parts of the lightning current were conducted 
into the building. Later, roof-mounted structures were indirect-
ly connected via a spark gap. This meant that direct lightning 
strikes to the roof-mounted structure could still flow through 
the “internal conductor” although the spark gap should not 
reach the sparkover voltage in the event of a more remote 
lightning strike to the building. This voltage of approximately 
4 kV was almost always reached and thus partial lightning 
currents were also injected into the building via the electrical 
cable, for example, which led to interference with the electrical 
or electronic installations.

The only way of preventing that these currents are injected 
into the building is to use isolated air-termination systems 
which ensure that the separation distance s is maintained.

Figure 5.1.8.1 shows partial lightning currents entering the 
structure.

The different roof-mounted structures can be protected by 
various types of isolated air- termination systems.

Air-termination rods
Small roof-mounted structures (e.g. small fans) can be protect-
ed by individual air-termination rods or a combination of sev-
eral air-termination rods. Air-termination rods up to a height 
of 2.0 m can be fixed by means of one or two concrete bases 
piled on top of each other (e.g. Part No. 102 010) so that they 
are isolated (Figure 5.1.8.2).

If a meshed air-termination system is used, the IEC 62305-3 
(EN 62305-3) lightning protection standard requires a mesh 
size which depends on the relevant class of LPS (see chapter 
5.1.1, Table 5.1.1.3). An air-termination conductor installed 
inside the cover layer is difficult to inspect after some years 
because the air-termination tips or studs are overgrown and 
no longer recognisable and frequently damaged during main-
tenance work. Moreover, air-termination conductors installed 
inside the cover layer are susceptible to corrosion. Conduc-
tors of air-termination meshes installed evenly on top of the 
cover layer are easier to inspect even if they are overgrown 
and the air-termination system can be elevated by means of 
air-termination tips and rods and thus “grow” with the plants 
on the roof. Air-termination systems can be designed in differ-
ent ways. A meshed air-termination network with a mesh size 
of 5 m x 5 m (class of LPS I) up to a maximum mesh size of 
15 m x 15 m (class of LPS III) is typically installed on the roof 
surface, regardless of the height of the building. The mesh is to 
be preferably installed on the external edges of the roof and on 
any metal structures serving as air-termination system. 
Stainless steel (V4A, e.g. material No. AISI/ASTM 316 Ti) has 
proven to be a good wire material for air-termination systems 
on green roofs.
Aluminium wires must not be used for installing conductors in 
the cover layer (in the earth substrate or granulate) (Figures 
5.1.7.1 to 5.1.7.3).

5.1.8 Isolated air-termination systems
Roof-mounted structures such as air-conditioning and cool-
ing systems, e.g. for mainframes, are frequently installed on 
the roofs of large office and industrial buildings. These roof-
mounted systems must be treated like antennas, electrically 
controlled domelights, advertising signs with integrated light-
ing and all other protruding roof-mounted structures because 
they typically have a conductive connection into the building, 
e.g. via electrical lines or ducts.

Figure 5.1.7.1 Green roof Figure 5.1.7.2 Air-termination system on a 
green roof

Figure 5.1.7.3 Conductor routing above the 
cover layer
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Angled supports are a practical so-
lution when air- termination rods 
also have to be protected against 
the effects of side winds (Figures 
5.1.8.4 and 5.1.8.5).
If higher air-termination rods 
are required, e.g. for larger roof-
mounted structures where noth-
ing can be fixed, these air-termi-
nation rods can be provided with 
special stands.

Self-supporting air-termination rods 
up to a height of 14 m can be in-
stalled using a tripod. These stands 
are fixed on the floor by means of 
standard concrete bases (stacked 
on top of each other). Additional 
supports are required for a free 
height of 6 m and more in order to 
withstand the wind loads.
These self-supporting air-termi-
nation rods can be used for a 
wide range of applications (e.g. 
antennas, PV systems). Their 
advantage is the short instal-
lation time since no holes must 
be drilled and only few elements 

need to be screwed together (Figures 5.1.8.6 and 5.1.8.7).

Lightning protection masts are used to protect complete build-
ings or installations (e.g. free field PV systems, ammunition 

Air-termination rods with a height between 2.5 m and 3.0 m  
must be fixed at the object to be protected by means of  
spacers made of electrically insulating material (e.g. DEHNiso  
spacer) (Figure 5.1.8.3).

CPU
PP

roof

1st floor

ground floor

basement

direct connection

MEB

data lines

Figure 5.1.8.1 Risk posed by directly connected roof-mounted structures

Figure 5.1.8.2 Isolated air-termination system – Protection by an 
air-termination rod

Figure 5.1.8.3 Air-termination rod with spacer
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depots) by means of air-termination rods. These masts are 
installed in a bucket foundation or on-site concrete founda-
tion. A foundation basket is facotory-installed in the bucket 
foundation or inserted into the concrete foundation on site. 
Free heights of about 25 m above ground level or higher (cus-
tomised versions) can be achieved. The standard lengths of the 
steel telescopic lightning protection masts are supplied in sec-
tions, thus offering enormous advantages for transport.

Figure 5.1.8.4 Angled support for an air-termination rod

Figure 5.1.8.8 Installation of a telescopic lightning protection mast

Figure 5.1.8.7 Isolated air-termination system for roof-mounted 
structures

Figure 5.1.8.5 Supporting element for an air-termination rod

Figure 5.1.8.6 Isolated air-termination system of a photovoltaic 
system
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Conductors or cables can also be dimensioned using the roll-
ing sphere method (radius of the rolling sphere according to 
the class of LPS).
A meshed air-termination system can also be used if a suffi-
cient separation distance s is maintained between the parts of 
the installation and the air-termination system. In such cases, 
e.g. isolating spacers are vertically installed in concrete bases, 
thus elevating the mesh (Figure 5.1.8.9).

DEHNiso Combi
The DEHNiso Combi portfolio offers a user-friendly way of in-
stalling conductors or cables according to the three different 
design methods for air-termination systems (rolling sphere, 
protective angle, mesh method).
The cables are led through aluminium supporting tubes with 
an “insulating clearance” (GRP – glass-fibre reinforced plas-
tic), which are fixed on the object to be protected or in a tripod. 
Subsequently, they are routed separately to the down conduc-
tors or air-termination systems (e.g. mesh) by means of GRP 
spacers.

More detailed information (e.g. installation, assembly) on 
these steel telescopic lightning protection masts can be found 
in installation instructions No. 1729 (Figures 5.1.8.8).

Spanned by cables or conductors
According to IEC 62305-3 (EN 62305-3), air-termination con-
ductors can be installed above the structure to be protected.
The air-termination conductors generate a tent-shaped pro-
tected volume at the sides and a cone-shaped protected vol-
ume at the ends. The protective angle α depends on the class 
of LPS and the height of the air-termination systems above the 
reference plane.

Figure 5.1.8.10 Tripod for isolated supporting tubes

Figure 5.1.8.11 Isolated air-termination system with DEHNiso Combi

Figure 5.1.8.12 Rail fixing clamp for DEHNiso Combi supporting tube

Figure 5.1.8.9 Elevated air-termination system; source: Blitzschutz 
Wettingfeld, Krefeld
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each end of the air-termination conductor along the transverse 
ridge must be equipped with a down conductor.

Steeple
Steeples up to a height of 20 m must be equipped with a down 
conductor. If the steeple and the nave are joined, this down 
conductor must be connected to the external lightning pro-
tection system of the nave along the shortest possible route 
(Figure 5.1.9.1). If the down conductor of the steeple crosses 
a down conductor of the nave, a common down conductor 
can be used at this point. According to section 18.3 of Supple- 
ment 2 of the German DIN EN 62305-3 standard, steeples with 
a height of more than 20 m must be provided with at least two 
down conductors. At least one of these down conductors must 
be connected with the external lightning protection system of 
the nave along the shortest possible route.
Down conductors on steeples must be routed to the ground 
along the outer surface of the steeple. Installation inside 
the steeple is not allowed (Supplement 2 of the German  
DIN EN 62305-3 standard). Furthermore, the separation dis-
tance s from metal parts and electrical installations in the stee-
ple (e.g. clock mechanisms, belfry) and underneath the roof 
(e.g. air-conditioning, ventilation and heating systems) must 
be maintained by a suitable arrangement of the external light-
ning protection system. The necessary separation distance can 
be a problem especially at the church clock. In this case, the 

More detailed information on the application of DEHNiso 
Combi can be found in brochure DS151/E and in installation 
instructions No. 1475.
The methods described above can be combined with each 
other as required to adapt the isolated air-termination system 
to the local conditions (Figures 5.1.8.10 to 5.1.8.13).

5.1.9 Air-termination system for steeples and 
churches

External lightning protection system
According to section 18.1 of Supplement 2 of the German 
DIN EN 62305-3 standard, a lightning protection system ac-
cording to class of LPS III meets the standard requirements 
for churches and steeples. In individual cases, for example in 
case of structures of great cultural importance, a separate risk 
analysis must be carried out in accordance with IEC 62305-2 
(EN 62305-2).

Nave
According to section 18.5 of Supplement 2 of the German  
DIN EN 62305-3 standard, the nave must be equipped with 
a separate lightning protection system and, if a steeple is at-
tached, this system must be connected with a down conductor 
of the steeple along the shortest possible route. In the transept, 

Figure 5.1.8.13 Isolated air-termination system with DEHNiso Combi

down-conductor

Figure 5.1.9.1 Installation of the down conductor on a steeple
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tural parts. In order to protect structures on the nacelle such 
as anemometers in the event of a lightning strike, air-termi-
nation rods or “air-termination cages” are installed (Figure 
5.1.10.2).

The metal tower or, in case of a prestressed concrete tower, 
round wires (St/tZn, Ø 8 ...10 mm) or flat strips (St/tZn, 30 mm x 
3.5 mm) embedded in the concrete are used as a down conduc-
tor. The wind turbine is earthed by means of a foundation earth 
electrode in the tower base and the meshed connection to the 
foundation earth electrode of the operations building or other 
wind turbines. This creates an “equipotential surface” which 
prevents potential differences in the event of a lightning strike.

conductive connection into the building can be replaced by an 
insulating joint (e.g. a GRP tube) to prevent hazardous spark-
ing in parts of the external lightning protection system.

In more modern churches made of reinforced concrete, the re-
inforcing steels can be used as down conductors if they have 
a permanently conductive connection. If pre-cast reinforced 
concrete parts are used, the reinforcement may be used as a 
down conductor if connection points are provided on the pre-
cast concrete parts to continuously connect the reinforcement.

According to the Supplement 2 of the German DIN EN 62305-3  
standard, lightning equipotential bonding / surge protection 
of the electrical equipment (power installation, telephone and 
loudspeaker system, etc.) is implemented at the entrance point 
into the building and for the bell controller in the steeple and 
at the control system.

5.1.10 Air-termination systems for wind  
turbines 

Lightning protection 
The continuous further development of modern wind turbines 
with tower heights of more than 100 m considerably increases 
the risk of lightning strikes to a wind turbine. Moreover, the 
value of wind turbines is increased as a result of the higher 
generator outputs. Due to the global use of wind turbines, this 
technology is increasingly used in areas with a high lightning 
activity. At these heights, fire caused by lightning effects can 
rarely be extinguished by means of conventional fire-fighting 
equipment. 
International standards follow this trend. The IEC 61400-24 
(EN 61400-24) standard (Wind turbines: Lightning protection) 
requires class of LPS I and therefore, wind turbines must be 
designed for lightning currents of 200,000 A. 

Principle of an external lightning protection system 
for wind turbines
An external lightning protection system consists of air-termi-
nation systems, down conductors and an earth-termination 
system and protects against mechanical destruction and fire. 
Since lightning typically strikes the rotor blades of wind tur-
bines, e.g. receptors are integrated in the rotor blades to pro-
vide defined points of strike (Figure 5.1.10.1).

In order to discharge the injected lightning currents to earth 
in a controlled way, the receptors in the rotor blades are con-
nected to the hub via a metal connecting cable (flat strip,  
St/tZn, 30 mm x 3.5 mm, or copper cable, 50 mm2). Carbon 
fibre brushes or spark gaps in air bridge the ball bearings in 
the head of the nacelle to avoid welding of the rotating struc-

receptor

wire mesh

Figure 5.1.10.1 Wind turbine with integrated receptors in the rotor 
blades

Figure 5.1.10.2 Lightning protection for the anemometers of a wind 
turbine
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lamps, smoke extraction systems and other equipment con-
nected to the electrical low-voltage system (Figure 5.1.11.1).

In accordance with the relevant lightning protection standards 
of the IEC 62305 (EN 62305) series, these roof-mounted struc-
tures can be protected from direct lightning strikes by means 
of isolated air-termination systems. To this end, both the air-
termination systems such as air-termination rods, air-termina-
tion tips or air-termination meshes and the down conductors 
are isolated, in other words they have a sufficient separation 
distance from the roof-mounted structures located in the pro-
tected volume. The installation of an isolated lightning protec-
tion system creates a volume protected against direct lightning 
strikes and also prevents partial lightning currents from en-
tering the building. This is important because sensitive electri-
cal / electronic equipment can be interfered with or destroyed 
by the injected partial lightning currents.
Extended roof-mounted structures are also equipped with a 
system of isolated air-termination systems. These are connect-
ed with each other and with the earth-termination system. The 
size of the protected volume depends e.g. on the number and 
height of the air-termination systems installed.
A single air-termination rod is sufficient to provide protec-
tion for small roof-mounted structures. To this end, the rolling 
sphere method in accordance with IEC 62305-3 (EN 62305-3) 
is used (Figure 5.1.11.2).
With the rolling sphere method, a rolling sphere whose radius 
depends on the class of LPS selected is rolled in all possible 
directions on and over the structure to be protected. During 
this procedure, the rolling sphere may only touch the ground 
(reference plane) and / or the air-termination system.

5.1.11 Air-termination rods subjected to wind 
loads 

Roofs are used as areas for technical equipment. Especially 
when extending the technical equipment in the building, ex-
tensive installations are sited on the roofs of large office and 
industrial buildings. In this case, it is essential to protect the 
different roof-mounted structures such as air-conditioning and 
cooling systems, antennas of cell sites on rented buildings, 

Figure 5.1.11.1 Protection against direct lightning strikes by means 
of self-supporting air-termination rods

h 1
h 2 α

r

air-termination rod

protective angle

mesh size M

down conductor

rolling sphere

earth-termination 
system

Max. height of the building
Class
of LPS

Radius of the 
rolling sphere (r)

Mesh 
size (M)

I 20 m 5 x 5 m
II 30 m 10 x 10 m
III 45 m 15 x 15 m
IV 60 m 20 x 20 m

Figure 5.1.11.2 Procedure for installing air-termination systems according to IEC 62305-3 (EN 62305-3)
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therefore basically meet the same requirements concerning 
their mechanical stability as set out in EN 1993-3-1, Eurocode 3:  
Design of steel structures – Part 3-1: Towers, masts and chim-
neys – Towers and masts. 
Germany is divided into four wind zones (Figure 5.1.11.4). 
When calculating the actual wind load stress to be expected, 
apart from the zone-dependent wind load, the height of the 
building and the local conditions (detached building in open 
terrain or embedded in other buildings) must also be observed. 
Figure 5.1.11.4 shows that about 95 % of Germany´s surface 
area is situated in wind zones 1 and 2. Therefore, air-termi-
nation rods are generally designed for wind zone 2. The use 
of self-supporting air-termination rods in wind zones 3 and 4 
must be examined for each individual case to take into account 
the stresses which arise.

When designing self-supporting air-termination rods, the follow-
ing requirements must be met with regard to the wind load stress:

 ¨ Tilt resistance of the air-termination rods

 ¨ Bending resistance of the rods

This method creates a protected volume where direct lightning 
strikes cannot occur.
To achieve the largest possible protected volume or to protect 
large roof-mounted structures against direct lightning strikes, 
individual air-termination rods of sufficient height should be 
installed. To prevent self-supporting air-termination rods from 
tilting and breaking, a suitable base and additional braces are 
required (Figure 5.1.11.3).
However, the requirement that the self-supporting air-termina-
tion rods should be as high as possible leads to a higher stress 
resulting from the wind loads. At the same time, a lightweight 
“self-supporting air-termination rod” is required to facilitate 
transport and installation. The stability of air-termination rods 
must be verified to ensure safe use on roofs.

Stress caused by wind loads
Since self-supporting air-termination rods are installed at ex-
posed locations (e.g. on roofs), mechanical stress occurs similar 
to the stress on radio towers due to the comparable place of in-
stallation and wind speeds. Isolated air-termination rods must 

air-termination 
rod with air- 
termination tip

brace

hinged 
tripod

Figure 5.1.11.3 Self-supporting air-termina-
tion rod with hinged tripod
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Stability is achieved when the ratio between the load torque 
and the tilting moment is > 1. The following rule applies: The 
greater the ratio between the load torque and the tilting mo-
ment, the greater is the stability.
The required stability can be achieved as follows:

 ¨ In order to keep the area of the air-termination rod that is 
exposed to wind small, the cross-sections used have to be 
as small as possible. The load on the air-termination rod is 
reduced, but, at the same time, the mechanical stability of 
the air-termination rod decreases (risk of breakage). It is 
therefore vital to make a compromise between the smallest 
possible cross-section to reduce the wind load and the larg-
est possible cross-section to achieve the required stability.

 ¨ The stability can be increased by using larger standing 
weights and / or larger post radii. This often conflicts with 
the limited installation space and the general requirement 
for a low weight and easy transport.

Implementation
In order to provide the smallest possible area exposed to wind, 
the cross-sections of the air-termination rods were optimised 
according to the results of the calculation. To facilitate trans-
port and installation, the air-termination rod consists of an 
aluminium tube (separable, if required) and an aluminium air-
termination rod. The post for the air-termination rod is hinged 
and is available in two sizes. Thus, roof pitches up to 10 ° can 
be compensated.

Determination of the break resistance
Not only the stability, but also the break resistance of the air-
termination rod must be verified since the wind load exerts 
bending stress on the self-supporting air-termination rod. The 
bending stress must not exceed the maximum permissible 
stress and increases if longer air-termination rods are used. 
The air-termination rods must be designed to ensure that wind 
loads which can arise in wind zone 2 cannot cause permanent 
deformation of the rods.
Since both the exact geometry of the air-termination rod and 
the non-linear performance of the materials used must be 
taken into account, the break resistance of self-supporting 
air-termination rods is verified by means of an FEM calcula-
tion model. The finite elements method (FEM) is a numerical 
calculation method for calculating stress and deformation of 
complex geometrical structures. The structure under examina-
tion is divided into so-called “finite elements” using imaginary 
surfaces and lines and these “finite element” are intercon-
nected via nodes.
The following information is required for calculation:

 ¨ FEM calculation model
 The FEM calculation model corresponds in a simplified form 

to the geometry of the self-supporting air-termination rod.

 ¨ The required separation distance from the object to be pro-
tected must be maintained even under wind load (preven-
tion of intolerable bending)

Determination of the tilt resistance
The wind forces acting on the areas of the air-termination 
rod that are exposed to wind generate a line load q‘ on the 
surface which generates a corresponding tilting moment MT 
on the self-supporting air-termination rod. To ensure stability 
of the self-supporting air-termination rod, a load torque ML 
generated by the post must counteract the tilting moment MT . 
The magnitude of the load torque ML depends on the stand-
ing weight and the radius of the post. If the tilting moment is 
greater than the load torque, the air-termination rod falls over 
due to the wind load.
The stability of self-supporting air-termination rods is proven in 
static calculations. In addition to the mechanical characteristics 
of the materials used, the following is included in the calculation:

 ¨ Area of the air-termination rod exposed to wind
 Determined by the length and diameter of the individual 

sections of the air-termination rod.

 ¨ Area of the braces exposed to wind
 Extremely high self-supporting air-termination rods are sta-

bilised with three braces which are mounted equidistantly 
around the circumference. The area of these braces that is 
exposed to wind is equal to the area of these braces pro-
jected onto a plane at a right angle to the direction of the 
wind, in other words the brace lengths are shortened ac-
cordingly in the calculation.

 ¨ Weight of the air-termination rod and braces
 The own weight of the air-termination rod and the braces 

are taken into account when calculating the load torque.

 ¨ Weight of the post
 The post is a tripod loaded with concrete blocks. The weight 

of this post consists of the own weight of the tripod and the 
individual weights of the concrete blocks.

 ¨ Tilt lever of the post
 The tilt lever describes the shortest distance between the 

centre of the tripod and the line or point around which the 
whole system would tilt.

Stability is proven by comparing the following moments:

 ¨ Tilting moment 
 Formed by the wind-load-dependent force on the air-termi-

nation rod, braces and the lever arm of the air-termination 
rod.

 ¨ Load torque 
 Formed by the weight of the post, the weight of the air-

termination rod and braces, and the length of the tilt lever 
related to the tripod.



92  LIGHTNING PROTECTION GUIDE www.dehn-international.com

Implementation
Braces create an additional “supporting point” which signifi-
cantly reduces the bending stress in the air-termination rod. 
Without additional braces, the air-termination rods would not 
withstand the stress of wind zone 2. Therefore, air-termination 
rods higher than 6 m are equipped with braces.

In addition to the bending moments, the FEM calculation also 
provides the stress in the braces whose stability must also be 
proven.

Determination of the wind-load-dependent  
deflection of the air-termination rod
A further important value to be calculated by means of the 
FEM model is the deflection of the tip of the air-termination 
rod. Air-termination rods are deflected by wind loads. This de-
flection changes the volume to be protected. Objects requir-
ing protection are no longer located in the protected volume 
and / or proximities can no longer be maintained.
Figures 5.1.11.6 and 5.1.11.7 show the use of the calcula-
tion model for a self-supporting air-termination rod with and 
without braces. In this example, the tip of the air-termination 
rod with brace is displaced by approximately 1150 mm. With-
out brace there would be a deflection of about 3740 mm, a 
theoretical value which exceeds the breaking limit of the air-
termination rod under consideration.

Implementation
Above a certain rod height, additional braces significantly re-
duce this defection and the bending stress on the rod.

 ¨ Material characteristics
 The performance of the material is determined by the cross-

sectional values, modulus of elasticity, density and lateral 
contraction.

 ¨ Loads
 The wind load is applied to the geometric model in the form 

of a pressure load.

The break resistance is determined by comparing the permis-
sible bending stress (material property) and the maximum 
bending stress (calculated from the bending moment and the 
effective cross-section at the point of maximum stress).
Break resistance is achieved if the ratio between the permis-
sible and the actual bending stress is > 1. Basically, the same 
also applies in this case: The greater the ratio between the 
permissible and the actual bending stress, the greater is the 
break resistance.

The FEM calculation model was used to calculate the actual 
bending moments for two air-termination rods (length = 8.5 m)  
with and without braces as a function of their height (Figure 
5.1.11.5). This clearly shows the impact of the braces on the 
moments. While the maximum bending moment for the air-
termination rod without brace is about 1270 Nm in the clamp-
ing point, the bending moment for the air-termination rod with 
brace is reduced to about 460 Nm. This brace allows to reduce 
the stress in the air-termination rod to such an extent that, for 
the maximum expected wind loads, the strength of the materi-
als used is not exceeded and the air-termination rod is not 
destroyed.

Figure 5.1.11.5 Comparison of the bending moments of self-
supporting air-termination rods with and without 
braces (length = 8.5 m)

Figure 5.1.11.6 FEM model of a self-supporting air-termination rod 
without brace (length = 8.5 m)
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Two different trades, namely the installation of the safety rope 
system and the installation of the lightning protection system, 
meet on the roof which must be coordinated at the intersection 
of these two trades. With respect to personal safety, it can even 
be dangerous if two different tradesmen work on an “unknown” 
system. Each of them should work independently and compe-
tently and observe the warranty obligation of the other party 
involved. Therefore, only specialised companies should install 
safety rope systems and qualified lightning protection special-
ists should work on external lightning protection systems.
Safety rope systems are prone to lightning strikes since they 
are installed about 30 m above a common air-termination 
mesh. Therefore, many manufacturers of safety rope systems 
point out in their installation instructions that safety rope sys-
tems must be checked for lightning strikes and thus possible 
melting of metal resulting from the injection of lightning cur-
rents during their annual inspection. The Central Association 
of the German Roofing Trade (ZVDH) and the Committee for 
Lightning Protection and Research (ABB) at the VDE has pub-
lished a bulletin in German language (Roof and wall-mounted 
external lightning protection systems).

The tilt resistance, break resistance and deflection are the de-
cisive factors for designing air-termination rods. The post and 
air-termination rod must be coordinated to ensure that the 
stress resulting from the wind speed according to wind zone 2 
do not cause tilting of the rod and / or damage it.

It must be observed that large deflections of the air-termina-
tion rod reduce the separation distance and thus intolerable 
proximities can occur. Higher air-termination rods require addi-
tional braces to prevent such intolerable deflections of the tips 
of air-termination rods. The measures described above ensure 
that self-supporting air-termination rods can withstand wind 
speeds of wind zone 2 when used for their intended purpose.

5.1.12 Safety systems and lightning  
protection

Service and maintenance work is regularly carried out on the 
roof surfaces of industrial and commercial buildings. But also 
e.g. cleaning work on gutters and light strips involves a risk of 
falling. Therefore, it is quite common today that particularly 
flat-roofed industrial buildings are equipped with safety rope 
systems. The service personnel can only be hooked into the 
personal protective equipment (PPE) of the safety rope system 
(Figure 5.1.12.1) or protected from falling by anchor points. 
The advantage of a safety rope system over an anchor point is 
that operators can walk along the rope by hooking the rope 
guide / rope slide into the safety rope system. Anchoring to the 
next fixed anchor point is not required. This increases safety at 
work and the acceptance of such a system.

Figure 5.1.11.7 FEM model of a self-supporting air-termination rod 
with brace (length = 8.5 m)

Figure 5.1.12.1 Safety rope system used on a flat roof

Figure 5.1.12.2 Incorrect installation: Safety rope system intersects 
the air-termination system
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Incorrect installation
Figure 5.1.12.2 shows a negative example which unfortu-
nately can often be found in practice today. This safety rope 
system was positioned above the lightning protection system. 
It is also questionable whether the conventional connecting 
clamp for contacting the safety rope system used in this ex-
ample is capable of carrying lightning currents. The cable used 
to connect the safety rope system and the meshed network 
is very short. If a person falls from the roof, the safety rope 
system can be lowered up to 1 m to compensate the fall. The 
too short connecting cable shown in Figure 5.1.12.2 would 

Figure 5.1.12.3 Integration of the safety rope system (fall protection) in the air-termination system

Figure 5.1.12.4 Flat-roofed structure – Detailed view

Figure 5.1.12.5 Installation example: Connecting set for safety rope systems

Safety rope system (stainless steel)

Intermediate support / support point

Connection set, safety rope system with

Terminal lug, connection of the safety rope system and

Clamping frame, connection to the air-termination system

Roof conductor holder

approx. 1.5 m

tightening torque
1 x M10, 20 Nm

washer

tightening torque
2 x M6, 5 Nm
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 ¨ The connections to conductive parts of the structure are 
made wherever required.

5.2.1 Determination of the number of down 
conductors

The number of down conductors depends on the perimeter of 
the external edges of the roof (perimeter of the projection onto 
the ground surface). The down conductors must be arranged 
to ensure that, starting at the corners of the structure, they are 
distributed as uniformly as possible to the perimeter.
Depending on the structural conditions (e.g. gates, precast 
components), the distances between the various down con-
ductors can be different. In each case, there must be at least 
the total number of down conductors required for the respec-
tive class of LPS.
The IEC 62305-3 (EN 62305-3) standard specifies typical dis-
tances between down conductors and ring conductors for each 
class of LPS (Table 5.2.1.1).

The exact number of down conductors can only be determined 
by calculating the separation distance s. If the calculated sepa-
ration distance cannot be maintained for the intended number 
of down conductors of a structure, one way of meeting this 
requirement is to increase the number of down conductors. The 
parallel current paths improve the partitioning coefficient kc . 
This measure reduces the current in the down conductors and 
the required separation distance can be maintained.
Natural components of the structure (e.g. reinforced concrete 
supports, steel frameworks) can also be used as down conduc-
tors if continuous electrical conductivity can be ensured.
By interconnecting the down conductors at ground level (base 
conductor) and using ring conductors for higher structures, it is 
possible to balance the lightning current distribution which, in 
turn, reduces the separation distance s. 

The latest IEC 62305 (EN 62305) series attaches great signifi-
cance to the separation distance. The measures specified allow 
to reduce the separation distance for structures and thus the 
lightning current can be safely discharged.

break and considerably affect the compensation effect in case 
of a fall. This is impermissible.

Lightning protection
The rope of the safety rope system is part of a personal safety 
system and must not be used as an air-termination system! 
If lightning current is injected into the safety rope system, 
the rope may be damaged by melting (reduced rope cross-
section / reduced resistance). Therefore, the safety rope system 
must be integrated in the external lightning protection system. 
Figures 5.1.12.3 and 5.1.12.4 show the basic principle.
The safety rope system is located in the protected volume of 
the air-termination rods. To implement equipotential bonding, 
an electrically safe connection is established at the intersec-
tions between the safety rope system and the lower air-termi-
nation mesh.
These connections must be capable of carrying lightning cur-
rents and must be established correctly according to the rel-
evant cable diameter. They must also be designed in such a 
way that they are not crossed by the rope guide / rope slide. 
The connection set from DEHN specifically developed for this 
safety rope system provides the required lightning current car-
rying connection to an existing external lightning protection 
system. The personal protective equipment does not have to 
be unhooked, thus ensuring permanent fall protection. Figure 
5.1.12.5 shows an example of a correct installation. The rope 
connecting clamp / terminal lug is designed in such a way that 
the rope guide / rope slide of the safety rope system can be 
passed over the connection without unhooking it. The entire 
connection set, which forms the connection between the rope 
system and the meshed network of the external lightning pro-
tection system, is positioned to ensure that the rope length 
can be lowered up to 1 m if a person falls and the connection 
does not break. To this purpose, the connection set must be 
provided with a longer connecting cable.

5.2 Down conductors
The down conductor is the electrically conductive connection 
between the air-termination system and the earth-termination 
system. The function of a down conductor is to conduct the 
intercepted lightning current to the earth-termination system 
without damaging the building e.g. due to intolerable tem-
perature rises.
To avoid damage caused during the lightning current discharge 
to the earth-termination system, the down conductors must be 
mounted to ensure that from the point of strike to the earth,

 ¨ Several parallel current paths exist,

 ¨ The length of the current paths is kept as short as possible 
(straight, vertical, no loops), 

Table 5.2.1.1 Distances between down conductors according to  
IEC 62305-3 (EN 62305-3)

Class of LPS Typical distance

I 10 m

II 10 m

III 15 m

IV 20 m
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an additional PVC sheath or PVC-sheathed aluminium wire is 
used. 
If the wall is made of highly combustible material and the tem-
perature rise of the down conductors presents a hazard, the 
down conductors must be mounted in such a way that the 
distance between the down conductors and the wall is greater 
than 0.1 m. The fixing elements may touch the wall. The in-
staller of the structure must specify whether the wall on which 
a down conductor is to be installed is made of combustible 
material.
In Germany the terms flame-resistant, normally inflammable 
and highly combustible are exactly defined in Annex E.101  
of Supplement 1 of the DIN EN 62305-3 (VDE 0185-305-3) 
standard.

5.2.2.1 Installation of down conductors
The down conductors must be arranged in such a way that 
they are the direct continuation of the air-termination conduc-
tors. They must be installed vertically in a straight line so that 
they represent the shortest most direct connection to earth.
Loops, e.g. on projecting eaves or structures, must be avoid-
ed. If this is not possible, the distance measured where two 
points of a down conductor are closest and the length I of the 
down conductor between these points must fulfil the require-
ments on the separation distance s (Figure 5.2.2.1.1). The 
separation distance s is calculated by means of the total length  
l = l1 + l2 + l3 .
Down conductors must not be installed in gutters and down-
pipes, even if they are incorporated into an insulating material 
since the moisture in the gutters would cause corrosion of the 
down conductors.
If an aluminium down conductor is used, it must neither be 
installed directly (without separation distance) on, in or under 
plaster, mortar or concrete nor in the ground. If it is equipped 
with a PVC sheath, aluminium can be installed in mortar, plas-
ter or concrete if it is ensured that the sheath will not be me-
chanically damaged and the insulation will not break at low 
temperatures.

If these measures are not sufficient to maintain the required 
separation distance, high voltage-resistant, insulated conduc-
tors (HVI Conductors) can also be used as an alternative. These 
are described in chapter 5.2.4.
Chapter 5.6 describes how to exactly determine the separation 
distance.

5.2.2 Down conductors for a non-isolated 
lightning protection system

Down conductors are primarily mounted directly onto the 
building (without separation distance). The reason for install-
ing them directly onto the structure is the temperature rise in 
the event of lightning striking the lightning protection system. 
If the wall is made of flame-resistant or normally inflammable 
material, the down conductors may be installed directly on or 
in the wall.
Owing to the specifications in the building regulations of the 
German federal states, highly combustible materials are gener-
ally not used. This means that down conductors can usually be 
mounted directly on the building.

Wood with a density greater than 400 kg/m2 and a thickness 
greater than 2 mm is considered to be normally inflammable. 
Thus, the down conductor can be directly mounted on wooden 
poles, for example.
If the wall is made of highly combustible material, the down 
conductors can be directly installed on the surface of the wall 
provided that the temperature rise when lightning currents 
flow through them is not dangerous.

Table 5.2.2.1 shows the maximum temperature rise ΔT in K 
of the various conductors for each class of LPS. These values 
mean that it is generally allowed to install down conductors 
underneath the heat insulation because these temperature 
rises do not present a fire risk to the insulation materials. This 
also ensures fire retardation.
When installing the down conductor in or underneath a heat 
insulation, the temperature rise (on the surface) is reduced if 

q 
[mm2]

 Ø 
[mm]

Class of LPS

Aluminium Iron Copper Stainless steel (V4A)

III + IV II I III + IV II I III + IV II I III + IV II I

16 146 454 * 1120 * * 56 143 309 * * *

50 8 mm 12 28 52 37 96 211 5 12 22 190 460 940

78 10 mm 4 9 17 15 34 66 3 5 9 78 174 310

  * melting / vaporisation

Table 5.2.2.1 Maximum temperature rise ΔT in K of different conductor materials
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5.2.2.2 Natural components of a down  
conductor 

When using natural components of the structure as a down 
conductor, the number of separately installed down conduc-
tors can be reduced or, in some cases, no separately installed 
down conductors are required.
The following parts of a structure can be used as natural com-
ponents of the down conductor:

 ¨ Metal installations 
 These components can be used as natural down conductors 

provided that the various parts are safely connected on a 
permanent basis and their dimensions meet the minimum 
requirements for down conductors. These metal installa-
tions may also be incorporated into insulating material. 
It is not permitted to use pipelines containing flammable 
or explosive materials as down conductors if the seals in 
the flanges / couplings are non-metallic or the flanges / cou-
plings of the connected pipes are not conductively con-
nected in any other way.

 ¨ Metal framework of the structure
	 If the metal framework of steel frame structures or the in-

terconnected reinforcing steel of the structure is used as 
a down conductor, ring conductors are not required since 
additional ring conductors would not improve the splitting 
of the current.

It is recommended to mount down conductors in such a way 
that the required separation distance s is maintained from all 
doors and windows (Figure 5.2.2.1.2).
Metal gutters must be connected with the down conductors at 
the points where they intersect (Figure 5.2.2.1.3).
The base of metal downpipes must be connected to the equi-
potential bonding or earth-termination system, even if the 
downpipe is not used as a down conductor. Since it is connect-
ed to the lightning current carrying gutter, the downpipe also 
carries a part of the lightning current which must be diverted 
to the earth- termination system. Figure 5.2.2.1.4 illustrates 
a possible design.

l 2

l1

l3

s

Figure 5.2.2.1.1 Loop in the down conductor

Only soldered or riveted 
downpipes may be used 
as a down conductor

Connection must be 
as short as possible, 
straight and vertical

ss

s

Figure 5.2.2.1.2 Down conductors

Figure 5.2.2.1.3 Air-termination system  
connected to the gutter

Figure 5.2.2.1.4 Earth connection of a  
downpipe
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 ¨ Façade elements, DIN rails and metal sub-struc-
tures of façades

 These components can be used as natural down conduc-
tors provided that the dimensions meet the requirements 
for down conductors (5.6.2 of IEC 62305-3 (EN 62305-3)) 
and that the thickness is at least 0.5 mm for sheet metal 
and metal pipes and their conductivity in the vertical di-
rection meets the requirements of 5.5.3 of IEC 62305-3  
(EN 62305-3). 

Note: In case of prestressed concrete, the particular risk of 
possible impermissible mechanical effects due to the lightning 

 ¨ Interconnected reinforcement of the structure
 The reinforcement of existing structures cannot be used 

as a natural component of the down conductor unless the 
reinforcement is safely interconnected. Separate external 
down conductors must be installed.

 ¨ Precast parts
	 Precast parts must be designed to provide connection 

points for the reinforcement. They must have a conductive 
connection between all connection points. The individual 
components must be interconnected on site during instal-
lation (Figure 5.2.2.2.1).

Bridging braid
Part No. 377 115

expansion joint

expansion joint

Fixed earthing terminal
Part No. 478 200

Figure 5.2.2.2.1 Use of natural components – New buildings made 
of ready-mix concrete

Bridging braid
Part No. 377 015

vertical box section

wall mounting 
bracket

horizontal support

Figure 5.2.2.2.2 Metal substructure, conductively bridged

Figure 5.2.2.2.3 Earth connection of a metal 
façade

Figure 5.2.2.2.4 Down conductor installed 
along a downpipe

Figure 5.2.2.3.1 Test joint with number plate
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Test joints are required to facilitate the inspection of the fol-
lowing characteristics of the lightning protection system:

 ¨ Connections of the down conductors via the air-termina-
tion systems to the next down conductor

 ¨ Interconnections of the terminal lugs via the earth-termi-
nation system, e.g. in case of ring or foundation earth elec-
trodes (type B earth electrodes)

 ¨ Earth resistances of single earth electrodes (type A earth 
electrodes)

Test joints are not required if the structural design (e.g. rein-
forced concrete or steel frame structure) allows no electrical 
isolation of the natural down conductor from the earth-termi-
nation system (e.g. foundation earth electrode). The test joint 
may only be opened with the help of a tool for measurement 
purposes, otherwise it must be closed. Each test joint must be 
clearly identifiable in the plan of the lightning protection sys-
tem. Typically, all test joints are marked with numbers (Figure 
5.2.2.3.1).

5.2.2.4 Internal down conductors
If the edges of the building (length and width) are four times 
as large as the distance of the down conductors according to 
the class of LPS, supplementary internal down conductors must 
be installed (Figure 5.2.2.4.1). The grid dimensions for the 
internal down conductors are about 40 m x 40 m.
Large flat-roofed structures such as large production halls or dis-
tribution centres frequently require internal down conductors. In 
such cases, the ducts through the surface of the roof should be 
installed by a roofer since he is responsible for rain safety.

current and resulting from the connection to the lightning pro-
tection system must be observed.

Connections to prestressing bars or cables must only be ef-
fected outside the stressed area. The permission of the installer 
of the structure must be given before using prestressing bars 
or cables as a down conductor.
If the reinforcement of existing structures is not safely inter-
connected, it cannot be used as a down conductor. In this case, 
external down conductors must be installed.
Furthermore, façade elements, DIN rails and metal sub-struc-
tures of façades can be used as a natural down conductor pro-
vided that:

 ¨ The dimensions meet the minimum requirements for down 
conductors. For sheet metal, the thickness must not be less 
than 0.5 mm. Their electrical conductivity in the vertical di-
rection must be ensured. If metal façades are used as a 
down conductor, they must be interconnected to ensure 
that the individual sheet metal plates are safely intercon-
nected by means of screws, rivets or bridging connections. 
There must be a safe current carrying connection to the 
air-termination and earth-termination system.

 ¨ If sheet metal plates are not interconnected in accordance 
with the above requirement, but the substructure is such 
that they are continuously conductive from the connec-
tion to the air-termination system to the connection on the 
earth-termination system, they can be used as a down con-
ductor (Figures 5.2.2.2.2 and 5.2.2.2.3).

Metal downpipes can be used as natural down conductors 
as long as they are safely interconnected (soldered or riveted 
joints) and have a minimum wall thickness of 0.5 mm (Figure 
5.2.2.1.2). 
If a downpipe is not safely intercon-
nected, it can be used as a holder for 
the supplementary down conductor. 
This type of application is illustrated in 
Figure 5.2.2.2.4. The downpipe must 
be connected to the earth-termination 
system in such a way that it can carry 
lightning currents since the conductor is 
only connected to the pipe.

5.2.2.3 Test joints
A test joint must be provided at every 
connection of a down conductor to the 
earth-termination system (above the 
earth entry, if practicable).

roofing
heat insulation

timber formwork

metal structure

internal down
conductor

roof bushing

If the separation distance is too small, the conductive parts of the building 
structure must be connected to the air-termination system. The effects 
of the currents must be taken into account.

separation
distance s

Figure 5.2.2.4.1 Air-termination system for large roofs – Internal down conductors
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The separation distance s between the air-termination and 
down-conductor systems and the structure must be main-
tained. If the air-termination system consists of one or more 
spanned wires or cables, each cable end on which the conduc-
tors are fixed requires at least one down conductor (Figure 
5.2.3.2).
If the air-termination system forms an intermeshed network 
of conductors, i.e. the individual spanned wires or cables are 
interconnected to form a mesh (cross-linked), there must be 
at least one down conductor on each cable end on which the 
conductors are fixed (Figure 5.2.3.3).

5.2.4 High voltage-resistant, insulated down 
conductor – HVI Conductor

The main function of an external lightning protection system 
is to intercept a lightning strike according to the principle of 
Benjamin Franklin, discharge it along the building and safely 
conduct it to the ground. To prevent dangerous flashover be-
tween the parts of the external lightning protection system 
and conductive parts inside the structure (electrical / electronic 
equipment, pipes, ventilation ducts, etc.) resulting from a di-
rect lightning strike, it is imperative to maintain the separation 
distance s when designing and installing a lightning protection 
system. 
The separation distance s is calculated according to section 6.3 
of the IEC 62305-3 (EN 62305-3) standard.

However, it is often impractical to keep the separation distance 
in new and existing structures. For aesthetic reasons, modern 
architecture often does not allow to use GRP spacers to lead 
the down conductor to the ground. In modern industrial plants, 
the roof is often the last installation level for equipment such 
as ventilation and air-conditioning systems, antennas, differ-
ent pipe systems and cable ladders. In this context, it is im-
perative to observe lightning protection systems and maintain 
the necessary separation distances. Direct lightning strikes 
to structures protruding above the roof can be prevented if 
air-termination systems dimensioned according to the rolling 

The effects of partial lightning currents flowing through inter-
nal down conductors within the structure must be taken into 
account. When designing the internal lightning protection 
system, the resulting electromagnetic field in the vicinity of 
the down conductors must be considered (observe injection to 
electrical / electronic systems).

5.2.2.5 Courtyards
Structures with enclosed courtyards with a perimeter of more 
than 30 m require down conductors with the distances shown 
in Table 5.2.1.1 (Figure 5.2.2.5.1).

5.2.3 Down conductors of an isolated exter-
nal lightning protection system

If an air-termination system consists of air-termination rods 
on isolated masts (or one mast), they assume the function of 
an air-termination system and down conductor system at the 
same time (Figure 5.2.3.1). Each individual mast must be fit-
ted with at least one down conductor. Steel masts or masts 
with interconnected reinforcing steel require no additional 
down conductors. For aesthetic reasons, a metal flag pole, for 
example, can also be used as an air-termination system.

ss

Figure 5.2.3.1 Air-termination masts isolated 
from the building

s
mechanical fixing

down 
conductor

Figure 5.2.3.2 Air-termination masts 
spanned with cables

Figure 5.2.3.3 Air-termination masts spanned 
with cross-linked cables 
(meshes)

courtyards with a cir- 
cumference of more 
than 30 m, typical 
distances according 
to class of LPS

15 m 

7.
5 

m
 

30
 m

45 m
metal capping of 
the roof parapet

courtyard
circumference 

> 30 m 

Figure 5.2.2.5.1 Down-conductor systems for courtyards
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 ¨ Prevention of creeping discharge

 ¨ Sufficient current carrying capability thanks to a sufficient 
cross-sectional area of the down conductor

 ¨ Lightning current carrying connection of the down conduc-
tor to the air-termination system (air-termination rod, air-
termination conductor, etc.)

 ¨ Connection to the earth-termination or equipotential bond-
ing system

If certain high-voltage boundary conditions are fulfilled, the 
separation distance s can be maintained by covering the 
down conductor with insulating materials with a high electric 
strength. However, possible creeping discharge must be pre-
vented! This problem cannot be solved by using a conductor 
which is covered with insulating materials only.
Creeping discharge near proximities (e.g. between earthed 
metal conductor holders and the feed point), which may lead 
to an overall flashover at the surface over great conductor 
lengths, already occurs in case of relatively low impulse volt-
ages. 
Areas where insulating material, metal (at high voltage poten-
tial or earthed) and air coincide are critical points where creep-
ing discharge may occur. This environment is highly stressed 
since creeping discharge can arise and the electric strength can 
be significantly reduced. Creeping discharge is to be expect-
ed when normal components of the electric field strength E  
(vertical to the surface of the insulating material) exceed the 
creeping discharge inception voltage and tangential field com-
ponents (in parallel to the surface of the insulating material) 
accelerate the propagation of the creeping discharge (Figure 
5.2.4.1).

sphere method are ideally positioned. These structures are 
typically connected to the technical equipment of the building.
Discharging the lightning current to earth while maintaining 
a sufficient separation distance s and ensuring the aesthetical 
appearance of the building is a special challenge. HVI (High 
Voltage Insulation) Conductors are an ideal solution.

Separation distance
The calculation of the separation distance forms the basis for 
the decision whether and which HVI Conductor can be used for 
the installation. Consequently, the design of an isolated light-
ning protection system is based on the separation distance. To 
be able to take adequate protection measures, the separation 
distance must be already calculated at the design stage. Chap-
ter 5.6 gives a detailed description of the different calculation 
options for determining the separation distance. The absolute 
conductor lengths are decisive for calculating the separation 
distance particularly in case of HVI Conductors. According to 
IEC 62305-3 (EN 62305-3), the separation distance s for pre-
venting uncontrolled flashover is calculated as follows:

s =
k

i
k

c

k
m

l

s separation distance

ki depends on the selected class of LPS

kc depends on the lightning current flowing through the 
down conductors

km depends on the material of the electrical insulation

l length along the air-termination system or down con-
ductor in metres from the point where the separation 
distance is supposed to be determined to the next 
equipotential bonding or earthing point

The separation distance is determined by means of the length 
(l) of the down conductor, the class of LPS (ki), the distribution 
of the lightning current to different down conductors (kc) and 
the material factor (km).

Design and functional principle of HVI Conductors
The basic principle of a high-voltage-resistant, insulated down 
conductor is that a lightning current carrying conductor is 
covered with insulating material to ensure that the required 
separation distance s from other conductive parts of the build-
ing structure, electrical lines and pipelines is maintained. In 
principle, a high-voltage-resistant, insulated down conductor 
must fulfil the following requirements if it is used to prevent 
impermissible proximities:

 ¨ Sufficient electric strength of the insulation in case of light-
ning voltage impulses along the entire HVI Conductor 

inner
conductor

insulation

proximity

Figure 5.2.4.1 Formation of a creeping discharge at an insulated 
down conductor without special sheath
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ing end range depends on the type of HVI Conductor. This spe-
cial sealing end begins at the feed point (connection to the air-
termination system) and ends with the equipotential bonding 
connection element at a defined distance (Figure 5.2.4.3).

Based on the necessary separation distance s, the maximum 
conductor length Lmax of such an insulated down conductor 
can be calculated as follows:

L
max

=
k

m
s

k
i

k
c

Types of HVI Conductors
HVI Conductors were adapted to meet the constantly growing 
requirements on the installation environment. Three types of 
HVI Conductors are available:

 ¨ HVI light Conductor, DEHNcon-H

 ¨ HVI Conductor, HVI long Conductor

 ¨ HVI power Conductor

Each of these types of HVI Conductors (Figure 5.2.4.4) has 
different thicknesses and characteristics and thus different 
installation requirements. HVI Conductors are available with 
black and grey sheath. The additional grey sheath allows a 
more aesthetical installation of the HVI Conductor on the rel-
evant building. The most important parameters of the different 
HVI Conductors are listed in Table 5.2.4.1.

HVI Conductors fulfil the requirements of the IEC 62561-2  
(EN 62561-2) standard. In the following, the different types of 
HVI Conductors will be described in detail.

semiconductive sheath
(resistance to creeping voltage)

 insulating material
(electric strength)

copper inner 
conductor

head piece

field line

1.5 m

0 V

EB connection 
element

Figure 5.2.4.3 Functional principle sealing end / field control

injection of lightning 
impulse current

connection to the 
air-termination system

inner conductor

high-voltage-
resistant insulation  connection to the equi-

potential bonding system

semiconductive
sheath

sealing end range

Figure 5.2.4.2 Components of a HVI Conductor

The creeping discharge inception voltage defines the resist-
ance of the entire insulation arrangement and has a lightning 
impulse voltage between 250 and 300 kV for such arrange-
ments.

Coaxial cables with semi-conductive sheath
The specifically developed single-conductor coaxial cable 
(HVI Conductor) allows to prevent creeping discharge and to 
safely discharge the lightning current to the ground (Figure 
5.2.4.2).
Insulated down conductors with field control via a semi-
conductive sheath prevent creeping discharge by specifically 
influencing the electric field in the sealing end range. Thus, the 
lightning current is led into the special cable and is safely dis-
charged while maintaining the necessary separation distance s.  
It must be observed that the magnetic field surrounding the 
current carrying inner conductor is not interfered with.
A specially adapted sealing end range of the conductor was 
created by optimising the field control. The length of this seal-
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The HVI light Conductor is a system for maintaining the sepa-
ration distance in case of intermeshed air-termination systems 
on flat roofs. The high-voltage-resistant insulation of the HVI 
light Conductor prevents uncontrolled flashover e.g. through 
the roofing to metal or electric parts underneath it.
This system significantly differs from the standard HVI Conduc-
tor due to the fact that no direct connection (no sealing end) 
to the functional equipotential bonding system of the build-
ing must be established. The HVI light Conductor (adjustment 
range) is connected at the lower part of the supporting tube by 
means of metal conductor holders, thus facilitating installation 
(Figure 5.2.4.5).
It is equally important that the real conductor lengths of the 
HVI light Conductor are used to calculate the separation dis-
tance. In this context, the conductor length at the supporting 
tube up to the connecting plate (connection to the air-termina-
tion rod) must also be observed.

DEHNcon-H (s ≤ 0.45 m in air, s ≤ 0.9 m in case of solid 
material)
Particularly in residential and low buildings, it can be problem-
atic to install bare, uninsulated conductors due to proximities. 
In this case, it is mostly impractical to consistently maintain the 
necessary separation distances. In addition to the IEC 62305 
(EN 62305) lightning protection standard, the IEC 60728-11 
(EN 60728-11) standard, which requires that radio towers 
should be separately integrated in the lightning protection 
system of buildings, if possible, provides information on sepa-
ration distances. The DEHNcon-H Conductor is ideally suited 
for this purpose.

Depending on field of application, two types of DEHNcon-H 
Conductors (pre-assembled) are available:

 ¨ DEHNcon-H, HVI light Conductor I

 ¨ DEHNcon-H, HVI light Conductor III

DEHNcon-H, HVI light Conductor I is used if the air-termination 
system is directly connected to the earth-termination sys-

HVI light Conductor (s ≤ 0.45 m in air, s ≤ 0.9 m  
in case of solid material)
Irrespective of the hazard of possible lightning strikes, pipe-
lines, electrical and information technology systems as well as 
PV systems are spread at a large scale across the roof surface. 
Due to this installation situation and the dimensions of the 
building, it is almost impractical to maintain the separation 
distance by means of non-insulated conductors. However, 
according to the standard, it is imperative to consistently in-
termesh the air-termination system while maintaining the 
separation distances.

HVI light Conductor HVI long Conductor HVI power Conductor

Figure 5.2.4.4 Different types of HVI Conductors

Table 5.2.4.1 Parameters of a HVI Conductor

s in air s in case 
of solid 
material

Length of 
the seal-
ing end

Cross-section  
of the inner  

conductor (Cu)

Outer  
diameter

Bending 
radius

HVI light Conductor, 
DEHNcon-H,  
HVI Conductor,  
HVI long Conductor

s ≤ 0.45 m s ≤ 0.9 m ≤ 1.2 m 19 mm2 Grey 20 mm ≥ 200 mm

s ≤ 0.75 m s ≤ 1.5 m ≤ 1.5 m 19 mm2 Black 20 mm
Grey 23 mm

≥ 200 mm
≥ 230 mm

HVI power Conductor,  
HVI power long Conductor

s ≤ 0.90 m s ≤ 1.8 m ≤ 1.8 m 25 mm2 Black 27 mm 
Grey 30 mm

≥ 270 mm
≥ 300 mm

Figure 5.2.4.5 Protection of a PV system by means of a HVI light 
Conductor
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tem of the building (Figure 5.2.4.6). DEHNcon-H, HVI light  
Conductor III with a sealing end that must be established on 
site is used if the air-termination system is to be connected 
to other parts (e.g. connection to the eaves). The separation 
distance at the connection point is s ≤ 0.175 m in air or is  
s ≤ 0.35 in case of solid material (Figure 5.2.4.7).

HVI Conductor (s ≤ 0.75 m in air, s ≤ 1.5 m in case of 
solid material)
The standard HVI Conductor offers a wide range of installation 
options. For example, it protects large roof-mounted structures, 
antennas and masts including information technology equip-
ment against direct lightning strikes. Moreover, this conduc-
tor can be routed up to the earth-termination system. If this 
is not required, it can be connected to existing conventional 
lightning protection systems (elevated / isolated ring conduc-
tor). Depending on the field of application, two types (pre-
assembled) are available:

 ¨ HVI Conductor I

 ¨ HVI Conductor III

HVI Conductor I is used if the air-termination system of the 
external lightning protection system is directly connected to 
the earth-termination system of the building (Figure 5.2.4.8).
HVI Conductor III with a fixed sealing end and a sealing end to 
be established on site is typically used where the total length 
cannot be exactly determined at the design stage. It is also 
used if e.g. several parts of the structure to be protected are 
jointly connected to the earth-termination system of the build-
ing via an elevated / isolated ring conductor (Figure 5.2.4.9).

Connection to the equipotential bonding system of the build-
ing (functional equipotential bonding) is required to establish 
the sealing end of the HVI Conductor.

HVI long Conductor (s ≤ 0.75 m in air, s ≤ 1.5 m in case 
of solid material)
Due to unknown and constantly changing building situations, 
the exact lengths of HVI Conductors for new buildings or build-
ings in need of renovation can frequently not be determined at 
the design stage of a lightning protection system. Therefore, 
the HVI long Conductor can be assembled on site and is avail-
able on a reel with a length of 100 m. The installer determines 
the lengths, strips the conductor and fixes the sealing ends 
on site.

Connection to the equipotential bonding system of the build-
ing (functional equipotential bonding) is required to establish 
the sealing end of the HVI long Conductor.

Figure 5.2.4.6 Connection of DEHNcon-H (HVI light Conductor I)  
to the earth-termination system

Figure 5.2.4.7 Protection of a residential building by means of 
DEHNcon-H (HVI light Conductor III)

Figure 5.2.4.8 Protection of a biomethane plant by means of a HVI 
Conductor I
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HVI power Conductor (s ≤ 0.9 m in air, s ≤ 1.8 m in 
case of solid material)
The HVI power Conductor is the most powerful type of high-
voltage-resistant, insulated HVI Conductors. Compared to the 
standard HVI Conductor, an equivalent separation distance of 
0.9 m in air and 1.8 m in case of solid material can be main-
tained. The HVI power Conductor and the associated compo-
nents are tested for a lightning current carrying capability up 
to 200 kA (10/350 µs) and can therefore be used for all classes 
of LPS (I – IV).

This type of conductor is particularly installed for buildings 
such as hospitals, data centres and silos where large separa-
tion distances must be maintained due to the building dimen-
sions (heights). Moreover, it allows larger conductor lengths to 
the earth-termination system (Figure 5.2.4.10).
The conductor is installed in the supporting tube. An integrated 
spring contact automatically establishes functional equipoten-
tial bonding for the sealing end. The supporting tube must be 
connected to the functional equipotential bonding system of 
the structure.

Functional principle of the sealing end
High impulse voltages cause flashover at the surfaces of insu-
lating material if no additional measures are taken. This effect 
is also known as creeping flashover. If the creeping discharge 
inception voltage is exceeded, a surface discharge is initiated 
which can easily flash over a distance of several metres. To 
prevent creeping discharge, HVI Conductors feature a special 
outer sheath which allows to discharge high lightning impulse 
voltages to a reference potential. For functional reasons, a con-
nection is established in the sealing end range between the 
semiconductive outer sheath and the equipotential bonding 
system of the building (no lightning voltage). This connection 
to the equipotential bonding system can made e.g. on earthed 
metal roof-mounted structures located in the protected vol-
ume of the lightning protection system, earthed parts of the 
building structure / radio towers that do not carry lightning 
voltage or the protective conductor of the low-voltage system. 
Figure 5.2.4.3 shows the functional principle of field control 
via the semiconductive sheath of the HVI Conductor.

No conductive or earthed parts such as metal conductor hold-
ers, structural parts or reinforcements may be installed in 
the sealing end range (area between the head piece and the 
equipotential bonding connection element). Figure 5.2.4.11 
shows the separation distance s in the form of a cylinder.

Installation of the connection elements
Black and grey HVI Conductors are available. When installing 
the connection elements of HVI Conductors, it is important 

Figure 5.2.4.9 Installation of a HVI Conductor III with sealing end

Figure 5.2.4.10 Installation of a HVI power Conductor
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that the high-voltage-resistant insulation is stripped correctly. 
User-friendly tools are available for this purpose.
If the grey HVI Conductor (exception: HVI light Conductor) is 
used, the grey sheath must be removed by about 65 mm with-
out damaging the black sheath of the conductor underneath 
it. After that, the outer sheath and the PE insulation are easily 
and safely stripped by 35 mm using the HVI strip tool (Figure 
5.2.4.12) which ensures that the copper conductor under-
neath them is not damaged.

The connection element is then screwed onto the conductor. 
It is fixed by means of two threaded pins and is electrically 
contacted. Finally, a self-adhesive heat-shrinkable sleeve is ap-
plied to the conductor by means of a hot air blower. This heat-
shrinkable sleeve provides additional mechanical protection 
and protects the conductor end from the ingress of moisture, 
thus preventing corrosion of the inner copper conductor.

Installation of the EB connection element
EB connection elements must be installed depending on the 
type of HVI Conductor, installation conditions and sealing end 
length according to the separation distance. More detailed 
information can be found in the relevant installation instruc-
tions.
If a grey HVI Conductor is used, the additional grey sheath 
must be removed to contact the semiconductive sheath un-
derneath it. After that, the EB connection element can be in-
stalled.

Use of HVI Conductors for protecting roof-mounted 
structures
Metal and electrical roof-mounted structures protrude from 
the roof level and are exposed to lightning strikes. Due to 
conductive connections into the structure via pipes, ventila-
tion ducts and electrical lines, partial lightning currents may be 
injected into the structure.
The injection of partial lightning currents into the structure is 
prevented by connecting an isolated air-termination system to 
the insulated down conductor which ensures that the entire 
electrical / metal equipment protruding from the roof is located 
in the protected volume. The lightning current is led past the 
structure to be protected and is distributed via the earth-ter-
mination system.

Installation of HVI Conductors in façades
It is often a special challenge to inconspicuously integrate a 
down conductor while maintaining the required separation 
distance s. In the past, this was achieved by using a round wire 
which was fixed by DEHNiso spacers. This horizontal distance 
is often not acceptable although it was required from a techni-
cal point of view. HVI Conductors can be directly installed on 
or in façades and thus open up different design possibilities. 
This innovative technology combines functionality and design 
and therefore is an important aspect of modern architecture. 
HVI Conductors allow to easily discharge the lightning current 
to the earth-termination system without having to maintain 
distances from metal and electrical parts.

Use of HVI Conductors for transceivers
Cell sites are often installed on rented roof space. The cell site 
operator and the building owner usually agree that the instal-

sealing 
end range

s

EB supporting tube with 
air-termination rod

e.g. antenna

α α

HVI power 
Conductor

Figure 5.2.4.11 Sealing end range

Figure 5.2.4.12 HVI strip stripping tool
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lation of the cell site must not present an additional risk for 
the building.

For the lightning protection system this means that no partial 
lightning currents may enter the building in case of a lightning 
strike to the radio tower since partial lightning currents inside 
the building would threaten the electrical and electronic de-
vices. 
For this reason, the radio tower must be installed in conjunc-
tion with an isolated air-termination system and an insulated 
down conductor (Figure 5.2.4.13). Thanks to this structure 
which is fixed at the antenna standpipe, areas exposed to wind 
are kept to a minimum (HVI Conductor integrated in the sup-
porting tube) and additional mechanical stress on the antenna 
standpipe is minimised (Figure 5.2.4.14).

Use of HVI Conductors for thatched roof
Due to their specific fire load, thatched and soft roofs pose a 
special challenge for installing a lightning protection system. 
If these highly flammable materials are used, separation dis-
tances must be maintained from these objects. HVI Conduc-
tors are also suited for installation on soft roofs. Uncontrolled 
flashover to installations is prevented since the lightning cur-
rent is separately conducted to the earth-termination system. 
In addition, this solution meets architectural requirements. For 
more detailed information on thatched roofs, please refer to 
chapter 5.1.5.

α α

antenna cable
earthing acc. to DIN VDE 0855-300

HVI Conductor III

GRP/Al supporting tube

air-termi-
nation tip

sealing
end range

RBS

low-voltage feeder cable

equipotential bonding conductor

sealing end

bare down conductor

Isolated lightning protection

Note: Observe grandfathering clause

air-termination system

Figure 5.2.4.13 Integration of an antenna in an existing lightning protection system by means of a HVI Conductor

Figure 5.2.4.14 HVI Conductor installed on a radio tower
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Use of HVI Conductors for installations with a risk of 
explosion
Lightning strikes to or near structures and incoming supply 
lines can damage the structure itself or persons and equipment 
therein and can also affect and influence the immediate vicin-
ity. There is a particularly high risk when processing flamma-
ble substances such as gas, vapour, mist or dust which, when 
mixed with air, can form an ignitable atmosphere and cause 
an explosion in combination with an ignition source. From a 
lightning protection point of view, more detailed information 
is required on this topic to ensure proper installation of protec-
tion systems.
According to the German Ordinance on Industrial Safety and 
Health (BetrSichV), the operator must create an explosion pro-
tection document where the potential risks resulting from the 
persistence and expansion of explosive atmospheres are as-
sessed and defined in an Ex zone plan. The following Ex zones 
are distinguished:

Zone 0 Place in which an explosive atmosphere consisting 
of a mixture of air and flammable substances in the 
form of gas, vapour or mist is present continuously, 
for long periods or frequently

Zone 1 Place in which an explosive atmosphere consisting 
of a mixture of air and flammable substances in the 
form of gas, vapour or mist is likely to occur occa-
sionally in normal operation 

Zone 2 Place in which an explosive atmosphere consisting 
of a mixture of air and flammable substances in the 
form of gas, vapour or mist is not likely to occur in 
normal operation but, if it does occur, will persist for 
a short period only

Zone 20 Place in which an explosive atmosphere, in the form 
of a cloud of combustible dust in air, is present con-
tinuously, for long periods or frequently

Zone21 Place in which an explosive atmosphere, in the form 
of a cloud of combustible dust in air, is likely to occur 
in normal operation occasionally

Zone 22 Place in which an explosive atmosphere, in the form 
of a cloud of combustible dust in air, is not likely to 
occur in normal operation but, if it does occur, will 
persist for a short period only

The division of the relevant structure into Ex zones allows to 
identify possible ignition sources. In EN 1127-1 or the Ger-
man TRBS 2152-3, lightning is defined as ignition source in 
an explosive atmosphere. If lightning strikes an explosive at-
mosphere, it is ignited. High currents flow away from the point 
of strike and may generate sparks along the discharge path. 
Lightning-related ignition sources are, for example:

 ¨ Melting at the point of strike

 ¨ Heating of discharge paths

 ¨ Uncontrolled flashover if the separation distance is not 
maintained

 ¨ Induced voltages in cables and lines

 ¨ Lightning strikes to lines entering potentially explosive at-
mospheres

If lightning protection systems are installed on or in a structure 
for which potentially explosive atmospheres (zones) are de-
fined, they must meet the requirements of the relevant zones. 
The division into zones which is required for this purpose is in-
cluded in the explosion protection document according to the 
German Ordinance on Industrial Safety and Health. In Ex sys-
tems with Ex zone 2 and 22, explosive atmospheres are only 
to be expected in rare and unpredictable cases. “Persistence of 
an ignitable explosive atmosphere” in these zones and a light-
ning strike rarely occur at the same time. Therefore, intercep-
tion of lightning strikes (lightning strikes to the air-termination 
system) is permitted in these zones. Nevertheless, uncontrolled 
flashover resulting from the fact that the separation distance 
is not maintained and heating of the discharge paths are not 
acceptable / allowed in all Ex zones.

Electrical isolation of the lightning protection system from con-
ductive parts of the building structure and insulation with re-
spect to the electrical lines in the building prevents flashover and 
thus dangerous sparking in potentially explosive atmospheres.
The HVI Conductor allows to maintain the separation distance 
and prevents impermissible heating of the discharge paths. 
In the high-voltage-resistant, insulated down conductor, the 
lightning current is directly conducted to the earth-termination 
system without causing flashover. The HVI Conductor can be 
directly installed next to metal parts of the building structure 
or electrotechnical systems (Figure 5.2.4.15).

Figure 5.2.4.15 HVI Conductor installed on a gas pressure control 
and measurement system
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ditionally connected to the equipotential bonding system at a 
distance ≤ 1000 mm. More detailed information can be found 
in the relevant installation instructions.

5.3 Materials and minimum dimen-
sions for air-termination and down 
conductors

Table 5.3.1 gives the minimum cross-sectional area, configu-
ration and material of air-termination systems.
These requirements result from the ability of the materials to 
electrically conduct the lightning current (temperature rise) 
and the mechanical stress when in use.
When using a round wire with a diameter of 8 mm as an air-
termination tip, a maximum free height of 0.5 m is permitted. The 
maximum free height of a round wire with a diameter of 10 mm 
is 1 m.

 Conductor holder 
for HVI Conductors –
HVI Ex W200 holder, 
Part No. 275 441 
(distance of 200 mm)

Ø = 20 mm

200 mm

≤
 1

00
0 

m
m

Figure 5.2.4.16 Version for use in hazardous areas 1, metal façade Figure 5.2.4.17 Version for use in hazardous areas 2, metal façade
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m

Conductor holder 
for HVI Conductors –
HVI Ex W70 holder, 
Part No. 275 440 
(distance of 70 mm)

Figure 5.2.4.18 Protection of a biogas fermenter by means of a  
HVI Conductor

If lightning currents flow through the HVI Conductor, a po-
tential arises at the outer semiconductive sheath due to the 
low-power capacitive displacement current at remote earthing 
points. The shorter the distance between the special conductor 
holders (functional equipotential bonding) and the semicon-
ductive sheath, the lower is this potential. If these installation 
instructions are observed when installing the HVI Conductor in 
Ex zones 1 and 2 or 21 and 22, discharge (sparking) is prevent-
ed when lightning current flows through the HVI Conductor. 
However, the effects of the lightning electromagnetic impulse 
are not reduced. Two examples of how to install HVI Conduc-
tors can be found in Figures 5.2.4.16 and 5.2.4.17.

Use of HVI Conductors for biogas plants
When planning lightning protection measures for a biogas 
plant, an integrated lightning protection concept must be cre-
ated. In this context, particularly the protection of fermenters, 
post-fermenters and fermentation tanks, which typically form 
round containers with a large diameter, poses a challenge. A 
dome (membrane) made of rubber-like material is mostly lo-
cated on top of a fermenter. Due to the diameter and height of 
the fermenter with membrane, extremely high air-termination 
systems must be installed to protect the entire fermenter from 
direct lightning strikes. As an alternative to telescopic light-
ning protection masts, which are installed next to a fermenter 
with an adequate foundation, air-termination masts with HVI 
Conductors can be directly installed on the fermenter (Figure 
5.2.4.18). These air-termination masts with integrated HVI 
Conductor can be installed up to a free length ≤ 8.5 m.
The air-termination mast can be equipped with one or two HVI 
Conductors. The number of conductors to be installed depends 
on the effective conductor length and separation distance. 
Since the HVI Conductors may have to be installed in explosive 
areas, the outer sheath of the second conductor must be ad-
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Table 5.3.1 Material, configuration and minimum cross-sectional 
area of air-termination conductors, air-termination rods, 
earth entry rods and down conductors a) according to 
Table 6 of IEC 62305-3 (EN 62305-3)

Material Configuration Cross-sectional 
area in [mm2]

Copper,  
tin-plated copper

Solid tape 50

Solid round b) 50

Stranded b) 50

Solid round c) 176

Aluminium

Solid tape 70

Solid round 50

Stranded 50

Aluminium alloy

Solid tape 50

Solid round 50

Stranded 50

Solid round 176

Copper coated 
aluminium alloy

Solid round 50

Hot-dipped  
galvanised steel

Solid tape 50

Solid round 50

Stranded 50

Solid round c) 176

Copper-coated steel
Solid round 50

Solid tape 50

Stainless steel

Solid tape d) 50

Solid round d) 50

Stranded 50

Solid round c) 176
a)  Mechanical and electrical properties as well as corrosion re-

sistance properties must meet the requirements of the future  
IEC 62561 series.

b) 50 mm2 (diameter of 8 mm) may be reduced to 25 mm2 in 
certain applications where the mechanical strength is not an  
essential requirement. In this case, consideration should be 
given to reduce the spacing between the fasteners.

c)  Applicable for air-termination rods and earth entry rods. For  
air-termination rods where mechanical stress such as wind load 
is not critical, an at least 1 m long rod with a diameter of  
9.5 mm may be used.

d)   If thermal and mechanical considerations are important, these 
values should be increased to 75 mm2.

Tests with a PVC-insulated copper conductor and an impulse 
current of 100 kA (10/350 μs) revealed a temperature rise of 
56 K. Thus, e.g. a copper cable NYY 1 x 16 mm2 can be used as 
a down conductor or as an aboveground and buried connect-
ing cable. This has been normal installation practice for years, 
for example when installing down conductors underneath a 
façade.
This is also pointed out in section 5.6.2 of Supplement 1 of the 
German DIN EN 62305-3 standard.

5.4 Mounting dimensions for air- 
termination systems and down 
conductors 

The following dimensions (Figure 5.4.1) have proven to be 
successful in practice and are mainly due to the mechanical 
forces acting on the components of the external lightning pro-
tection system.
These mechanical forces occur not as a result of the electrody-
namic forces produced by the lightning currents, but as a result 
of the compressive and tensile forces, e.g. due to temperature-
related changes in length, wind loads or snow loads.
The maximum distance of 1.2 m between the conductor hold-
ers primarily refers to St/tZn (relatively rigid). For aluminium, 
distances of maximum 1 m have proven themselves in practice.

Figures 5.4.1 and 5.4.2 show the mounting dimensions for 
an external lightning protection system recommended by the 
IEC 62305-3 (EN 62305-3) standard. Wherever practical, the 
separation distance s from windows, doors and other aper-
tures should be maintained when installing down conductors. 
Figure 5.4.3 shows the use of a down conductor on a flat 
roof. 
Other important mounting dimensions can be found in Fig-
ures 5.4.3 to 5.4.5. 
Surface earth electrodes (e.g. ring earth electrodes) are in-
stalled around the building at a depth > 0.5 m and about 1 m 
away from the structure (Figure 5.4.4).

The earth entry rods or connectors of foundation earth elec-
trodes (ring earth electrodes) must be protected against cor-
rosion. Measures such as anticorrosive tapes or PVC-sheathed 
wires must be taken at least 0.3 m above and below the turf 
(earth entry) (Figure 5.4.5). In many cases, it is easier to use 
terminal lugs made of stainless steel (V4A). Concrete-encased 
fixed earthing terminals made of stainless steel (V4A) are an 
aesthetically acceptable and corrosion-free connection possi-
bility. 
The terminal lug for equipotential bonding inside the building 
must also be protected against corrosion in moist and wet rooms.

Note: According to Table 8 of IEC 62305-3 (EN 62305-3), the 
minimum cross-sectional area for a connecting cable between 
two equipotential bonding bars is 16 mm2 (copper).
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In many cases, older regulations and stipulations generally rec-
ommended to install an expansion piece approximately every 
20 m. This recommendation was based on the use of steel 
wires which used to be the usual and sole material. The higher 
coefficients of linear expansion of stainless steel, copper and 
especially aluminium were not taken into account.
In the course of the year, temperature changes of 100 K must 
be expected on and around the roof. The resulting changes 
in length for the different metal wire materials are shown in 
Table 5.4.1.1. It can be seen that the temperature-related 
change in length between steel and aluminium differs by a 
factor of 2.

Provided that no particularly aggressive environmental influ-
ences must be taken into account, the material combinations 
(air-termination systems, down conductors and structural 
parts) according to Table 5.4.1 have proven to be successful 
in practice. These values are empirical values.

5.4.1 Changes in length of metal wires
The temperature-related changes in length of air-termination 
systems and down conductors are often underestimated in 
practice.
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Figure 5.4.3 Application on a flat roof
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Figure 5.4.1 Examples (details) of an external lightning protection system installed on a build-
ing with a sloped tiled roof

Figure 5.4.2 Air-termination rod for a  
chimney
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Table 5.4.1 Material combinations

Steel (tZn) Aluminium Copper StSt (V4A) Titanium Tin

Steel (tZn) yes yes no yes yes yes

Aluminium yes yes no yes yes yes

Copper no no yes yes no yes

StSt (V4A) yes yes yes yes yes yes

Titanium yes yes no yes yes yes

Tin yes yes yes yes yes yes

Table 5.4.1.1 Calculation of the temperature-related change in length ΔL of metal wires for lightning protection systems

Material
Coefficient of linear expansion α

1

106

1
K

ΔL
Calculation formula: ΔL = α · L · ΔT 

Assumed temperature change on the roof: ΔT = 100 K

Steel 11.5 L = 11.5 10 6 1
K

1m 100K = 0.115cm 1.1
mm
m

Stainless 
steel

16 L = 16 10 6 1
K

1m 100K = 0.16cm 1.6
mm
m

Copper 17 L = 17 10 6 1
K

1m 100K = 0.17cm 1.7
mm
m

Aluminium 23.5 L = 23.5 10 6 1
K

1m 100K = 0.235cm 2.3
mm
m

Table 5.4.1.2 Expansion pieces in lightning protection – Recommended application

Material
Surface under the fixing of the air-termination system or down conductor Distance of 

expansion 
pieces in m

soft, e.g. flat roof with bitumen 
or synthetic roof sheetings

hard,
e.g. pantiles or brickwork

Steel
• ≈ 15

• ≤ 20

Stainless steel /  
Copper

• ≈ 10

• ≤ 15

Aluminium • • ≤ 10

Use of expansion pieces, if no other length compensation is provided

roofs, it should be ensured that there is a flexible connection 
by means of suitable components or other measures. If this 
flexible connection is not made, there is a risk that the metal 
capping of the roof parapet will be damaged by the tempera-
ture-related change in length.
To compensate for the temperature-related changes in length 
of the air-termination conductors, expansion pieces must be 
used for length compensation (Figure 5.4.1.1).

In practice, the requirements shown in Table 5.4.1.2 apply to 
expansion pieces. 
When using expansion pieces, it must be observed that they 
provide flexible length compensation. It is not sufficient to 
bend the metal wires into an S shape since these manually 
installed “expansion pieces” are not sufficiently flexible.
When connecting air-termination systems, for example to 
metal cappings of the roof parapet surrounding the edges of 
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5.4.2 External lightning protection system for 
an industrial and residential building 

Figure 5.4.2.1a shows the design of an external lightning 
protection system for an industrial building and Figure 
5.4.2.1b for a residential building with annexed garage.
These Figures and the Tables 5.4.2.1a and 5.4.2.1 b also 
show examples of the components used today.
The necessary internal lightning protection measures such as 
lightning equipotential bonding and surge protection (see also 
chapter 6) are not taken into account.
Particular attention is drawn to DEHN´s DEHNhold, DEHNsnap 
and DEHNgrip portfolio of holders. Figure 5.4.1.1 Air-termination system – Expansion compensation 

by means of a bridging braid

Table 5.4.2.1a Components for the external lightning protection system of an industrial building
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Figure 5.4.2.1a External lightning protection system of an industrial building

No. Item Part No.
1 Stainless steel wire (Ø 10 mm) StSt (V4A) 860 010
2 Earth entry rod set St/tZn 480 150
3 Cross unit StSt (V4A) 319 209
4 DEHNalu wire (Ø 8 mm) AlMgSi 840 008
5 Bridging braid Al 377 015

6 Air-termination rod with concrete AlMgSi
base and adapted base plate

103 420
102 340

No. Item Part No.
7 Roof conductor holder for flat roofs 253 050
8 DEHNhold conductor holder 274 160

9
Elevated ring conductor 
with concrete base with adapted 
base plate and spacer StSt (V4A)

102 340
106 160

10 DEHNiso spacer ZDC-St/tZn 106 120

11 Self-supporting air-termination rod 105 500
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Table 5.4.2.1b Components for the external lightning protection system of a residential building
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Figure 5.4.2.1b External lightning protection system of a residential building

No. Item Part No.

1 DEHNalu wire, semi-rigid (Ø 8 mm) AlMgSi
DEHNalu wire, soft torsionable (Ø 8 mm)    AlMgSi

840 008
840 018

2 Steel strip (30 x 3.5 mm) St/tZn
Round wire (Ø 10 mm) StSt (V4A)

810 335
860 010

3

Roof conductor holder   St/tZn
for ridge and hip tiles  StSt (V4A)

StSt (V4A)
StSt (V4A)
StSt (V4A)
StSt (V4A)

202 020
204 109
204 249
204 269
206 109
206 239

4

Roof conductor holder StSt (V4A)
for conductors on the roof surface StSt (V4A)
 St/tZn
 St/tZn
 St/tZn
 StSt (V4A)
 St/tZn

204 149
204 179
202 010
202 050
202 080
206 209
206 309

5

DEHNsnap
DEHNgrip
DEHNhold conductor holder with plastic base
Conductor holder for thermal insulation

204 006
207 009
274 150
273 740

6

Gutter board clamp  St/tZn
 StSt (V4A)

St/tZn
 StSt (V4A)

339 050
339 059
339 060
339 069

No. Item Part No.

7 MV clamp St/tZn
 StSt (V4A)

390 050
390 059

8 Snow guard clamp St/tZn 343 000

9

Downpipe clamp, adjustable for Ø 60 – 150 mm
Downpipe clamp for any cross-section
KS connector for connecting conductors
KS connector StSt (V4A)

423 020
423 200
301 000
301 009

10 MV clamp 390 051

11 Bridging bracket Al
Bridging braid Al

377 006
377 015

12 Earth entry rod (Ø 16 mm)
complete

480 150
480 175

13 Rod holder with plastic base 274 260

14 Number plate for marking test joints 480 006
480 005

15

Parallel connector

Cross unit
SV clamp St/tZn
 StSt (V4A)

305 000
306 020
319 201
308 220
308 229

16
Air-termination rod with forged lug
Air-termination rod, chamfered on both ends
Rod clamp

100 100
483 100
380 020
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The DEHNhold conductor holder is made of solid stainless steel 
(V4A) and can be used for different materials such as Al, StSt 
(V4A), St/tZn and Cu.
The DEHNsnap range of plastic holders (Figure 5.4.2.2) is a 
basic component (roof and wall). The cap simply snaps in and 
fixes the conductor in the holder, ensuring loose conductor 
routing. The special snap-in mechanism does not mechanically 
stress the fastener. 
DEHNgrip (Figure 5.4.2.2) is a screwless stainless steel (V4A) 
holder system. This system can be used as a roof and wall con-
ductor holder for conductors with a diameter of 8 mm. The 
conductor is simply pressed in to fix it in the DEHNgrip (Figure 
5.4.2.2).

5.4.3 Instructions for mounting roof conductor 
holders

Ridge and hip tiles
The roof conductor holders are adjusted by means of a locking 
screw to suit the dimensions of the ridge tile (Figure 5.4.3.1).

In addition, conductor holders allow to gradually adjust the 
conductor routing from the top centre to the lower side (con-
ductor holder can be loosened by either turning the holder or 
unscrewing the locking screw).

 ¨ SPANNsnap roof conductor holder with DEHNsnap plastic 
conductor holder or DEHNgrip stainless steel (V4A) conduc-
tor holder (Figure 5.4.3.2). A stainless steel (V4A) tension 
spring ensures permanent tension. Universal tensioning 
range from 180 to 280 mm with laterally adjustable con-
ductor routing for 8 mm round conductors.

 ¨ FIRSTsnap conductor holder with DEHNsnap plastic con-
ductor holder to be fixed on existing ridge tile clips of dry 
ridges (Figure 5.4.3.3).

The FIRSTsnap conductor holder is snapped on the ridge tile 
clip of dry ridges and tightened by hand (only turn DEHNsnap).

Interlocking tiles, smooth tiles
UNIsnap roof conductor holders with pre-punched braces are 
used for roof surfaces. The conductor holder is bent by hand 
before it is hooked into the pantile (Figure 5.4.3.4).

Slated roofs
When used on slated roofs, the inner hook is bent (Figure 
5.4.3.5) or provided with an additional clamping part (Part 
No. 204 089).

Interlocking tiles

 ¨ FLEXIsnap roof conductor holders for interlocking tiles are 
directly pressed on the seams (Figure 5.4.3.6). The flexible 
stainless steel (V4A) brace is pushed between the interlock-

basic component

cap

DEHNgrip 
conductor holder

DEHNsnap 
conductor holder

Figure 5.4.2.2 DEHNsnap and DEHNgrip conductor holders
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angled by hand

Figure 5.4.3.4 UNIsnap roof conductor holder with pre-punched brace – 
Used on pantiles and smooth tiles (e.g. pantile roofs)

when used on slated roofs, 
angle the inner hook

Figure 5.4.3.5 UNIsnap roof conductor holder with pre-punched 
brace – Used on slated roofs

tiles (e.g. plain tiles) or slabs and is tightened by hand (only 
turn DEHNsnap) (Figure 5.4.3.8).

Overlapped constructions
In case of overlapped constructions (e.g. slabs and natural 
slate), the DEHNsnap conductor holder (Figure 5.4.3.9) is 
snapped in from the side and fixed by means of a screw driver 
when the holder is open.
In case of diagonally installed slabs, DEHNsnap can be turned 
to ensure vertical conductor routing.

ing tiles. By pressing on the top interlocking tile, the stain-
less steel (V4A) brace is deformed and adapts itself to the 
shape of the seam. Thus, it is tightly fixed under the tile. 

 ¨ Roof conductor holders (Part No. 204 229) with preformed 
brace are hooked into the lower seam of pantile roofs  
(Figure 5.4.3.7).

Flat tiles or slabs
Together with the DEHNsnap conductor holder, the  
ZIEGELsnap roof conductor holder is pushed between the flat 

Figure 5.4.3.1 Conductor holder with DEHN-
snap for ridge tiles

Figure 5.4.3.2 SPANNsnap with DEHNsnap 
plastic conductor holder

Figure 5.4.3.3 FIRSTsnap for mounting on 
existing ridge clips
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insert the holder
underneath  

lift tile

press on tile 

Figure 5.4.3.6 FLEXIsnap roof conductor holder for direct fitting 
on the seams

lift tile

press on tile 

insert the holder
underneath  

Figure 5.4.3.7 Roof conductor holder for hanging into the lower 
seam of pantile roofs

DEHNsnap

Tile (e.g. pantile)

DEHNsnap

ZIEGELsnap

Figure 5.4.3.8 ZIEGELsnap for fixing between flat tiles or slabs

DEHNsnap

Overlapping construction
(e.g. natural slate)

DEHNsnap

PLATTENsnap

Figure 5.4.3.9 PLATTENsnap roof conductor holder for overlapping 
constructions
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5.5 Earth-termination systems
A detailed description of the terms related to earth-termina-
tion systems can be found in IEC 62305-3 (EN 62305-3) “Pro-
tection against lightning – Physical damage to structures and 
life hazard”, IEC 61936-1 (EN 61936-1) and EN 50522 “Power 
installations exceeding 1 kV” as well as IEC 60050-826 and  
IEC 60364-5-54 (HD 60364-5-54) “Erection of power instal-
lations with nominal voltages up to 1000 V”. In Germany,  
DIN 18014 must be additionally observed for foundation earth 
electrodes. In the following, only the terms are explained 
which are required to understand this chapter.

Terms and definitions
Earth
is the conductive ground and the part of the earth in electrical 
contact with an earth electrode whose electric potential is not 
necessarily zero. The term “earth” also describes both a place 
and a material, e.g. humus, loam, sand, gravel and rock.

Reference earth
(neutral earth) is the part of the earth, especially the surface of 
the earth outside the area influenced by an earth electrode or 

an earth-termination system, in which no perceptible voltages 
arising from the earthing current occur between two arbitrary 
points (Figure 5.5.1).

Earth electrode
is a conductive part or several conductive parts in electrical 
contact with earth which provide(s) an electrical connection 
with the earth (also foundation earth electrodes).

Earth-termination system
all conductively interconnected earth electrodes which are 
physically separated or metal components acting as such (e.g. 
reinforcements of concrete foundations, metal cable sheaths in 
direct contact with earth).

Earthing conductor
is a conductor which connects a system part to be earthed to 
an earth electrode and which is installed above the ground or 
insulated in the ground.

Lightning protection earthing
earthing of a lightning protection system to discharge light-
ning currents to earth.

1 m

U
B2

ϕFE

U
S

FE

ϕ

U
B1

U
E

ϕFE + CE

UE Earth potential
UB Touch voltage
UB1 Touch voltage without potential control 

(at the foundation earth electrode)
UB2 Touch voltage with potential control 

(foundation and control earth electrode)
US Step voltage
ϕ Earth surface potential
FE Foundation earth electrode
CE  Control earth electrode  (ring earth electrode)

reference earth

CE

Figure 5.5.1 Earth surface potential and voltages in case of a current carrying foundation earth electrode FE and control earth electrode CE
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Conventional earthing impedance
Rst is the resistance as lightning currents flow from one point 
of an earth-termination system to reference earth.

Voltages in case of current carrying earth- 
termination systems, potential control
Earth potential
UE is the voltage occurring between an earth-termination sys-
tem and reference earth (Figure 5.5.1).

Earth surface potential
ϕ is the voltage between one point of the surface of the earth 
and reference earth (Figure 5.5.1).

Touch voltage
UB is the part of the earth surface potential which can be 
bridged by persons (Figure 5.5.1), the current path via the 
human body running from hand to foot (horizontal distance 
from the touchable part of about 1 m) or from one hand to 
the other.

Step voltage
US is the part of the earth surface potential which can be 
bridged by persons taking one step of 1 m, the current path via 
the human body running from one foot to the other (Figure 
5.5.1).

Potential control
is the influence of earth electrodes on the earth potential, par-
ticularly on the earth surface potential (Figure 5.5.1).

Equipotential bonding
for lightning protection systems is the connection of metal in-
stallations and electrical systems to the lightning protection 
system via conductors, lightning current arresters or isolating 
spark gaps.

Earth resistance / earth resistivity
Earth resistance RA
The lightning current is not conducted to earth at one point via 
the earth electrode, but rather energises a certain area around 
the earth electrode.
The shape of the earth electrode and type of installation must 
be chosen to ensure that the voltages influencing the surface 
of the earth (touch and step voltages) do not assume hazard-
ous values.
The earth resistance RA of an earth electrode is best explained 
with the help of a metal sphere buried in the ground.
If the sphere is buried deep enough, the current discharges 
radially so that it is uniformly distributed over the surface of 
the sphere. Figure 5.5.2a illustrates this case; in comparison, 

Some types of earth electrodes and their classification accord-
ing to their location, shape and profile will be described below.

Classification according to the location  
of earth electrodes
Surface earth electrode
is an earth electrode that is generally driven into the earth 
at a depth up to 1 m. It can consist of round material or flat 
strips and can be designed as a radial, ring or meshed earth 
electrode or a combination thereof.

Earth rod
is an earth electrode that generally extends vertically into the 
earth at great depths. It can consist of round material or mate-
rial with another profile, for example.

Foundation earth electrode
consists of one or several conductors embedded in concrete 
which are in contact with earth over a large area.

Control earth electrode
is an earth electrode whose shape and arrangement serve 
more to control the potential than to maintain a certain earth 
resistance.

Ring earth electrode
earth electrode that forms a closed ring around the structure 
underneath or on the surface of the earth.

Natural earth electrode
is a metal part in contact with earth or with water either direct-
ly or via concrete which is originally not intended for earthing 
purposes, but which acts as an earth electrode (reinforcements 
of concrete foundations, pipes, etc.).

Classification according to the shape and profile 
of earth electrodes
A distinction is made between strip earth electrodes, crossed 
earth electrodes and earth rods.

Types of resistance
Earth resistivity
ρE is the electric resistivity of the earth. It is specified in Ωm 
and represents the resistance of an earth cube with 1 m long 
edges between two opposite sides of the cube.

Earth resistance
RA of an earth electrode is the resistance of the earth between 
the earth electrode and reference earth. RA is practically an 
effective resistance.



120  LIGHTNING PROTECTION GUIDE www.dehn-international.com

equipotential lines

a) Spherical earth electrode 
deep in the ground

b) Spherical earth electrode 
close to the earth surface

Figure 5.5.2 Current flowing out of a spherical earth electrode
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Figure 5.5.3 Earth resistance RA of a spherical earth electrode with 
20 cm, 3 m deep, at ρE = 200 Ωm as a function of the 
distance x from the centre of the sphere

Figure 5.5.2b shows a sphere buried directly below the sur-
face of the earth.
The concentric circles around the surface of the sphere represent 
a surface of equal voltage. The earth resistance RA consists of 
partial resistances of individual sphere layers connected in se-
ries. The resistance of such a sphere layer is calculated as follows:

R =
E

l
q

where 

ρE  is the earth resistivity of the ground, assuming it is 
homogeneous, 

l  is the thickness of an assumed sphere layer and 

q  is the centre surface of this sphere layer

To illustrate this, we assume a metal sphere with a diameter of 
20 cm buried at a depth of 3 m in case of an earth resistivity 
of 200 Ωm.
If the increase in earth resistance is calculated for the different 
sphere layers, a curve as shown in Figure 5.5.3 as a function 
of the distance from the centre of the sphere is achieved.
The earth resistance RA for the spherical earth electrode is cal-
culated as follows:

R
A
= E

100

2 r
K

  
1+

r
K

2t
2

ρE  Earth resistivity in Ωm

t  Burial depth in cm

rK  Radius of the spherical earth electrode in cm
This formula results in an earth resistance RA = 161 Ω for the 
spherical earth electrode.

The curve in Figure 5.5.3 shows that the largest portion of 
the total earth resistance occurs in the immediate vicinity of 
the earth electrode. For example, at a distance of 5 m from the 
centre of the sphere, 90 % of the total earth resistance RA has 
already been achieved.

Earth resistivity ρE

The earth resistivity ρE , which is decisive for the magnitude of 
the earth resistance RA of an earth electrode, depends on the 
soil composition, moisture in the soil and the temperature. It 
can fluctuate within wide limits.

Values for various types of soil
Figure 5.5.4 shows the fluctuation ranges of the earth resis-
tivity ρE for various types of soil.

Seasonal fluctuations
Extensive measurements have shown that the earth resistiv-
ity varies greatly depending on the burial depth of the earth 
electrode. Owing to the negative temperature coefficient of 
the ground (α = 0.02 to 0.004), the earth resistivity reaches a 
maximum in winter and a minimum in summer. It is therefore 
advisable to convert the measured values obtained from earth 
electrodes to the maximum prospective values since the per-
missible values must not be exceeded even under unfavour-
able conditions (very low temperatures). 

The curve of the earth resistivity ρE as a function of the time 
of year (ground temperature) can be represented to a good 
approximation by a sine curve which has its maximum in mid-
February and its minimum in mid-August. Investigations have 
also shown that, for earth electrodes buried not deeper than 
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the earth resistivity in Figure 5.5.5, the earth resistance RA of 
an earth-termination system measured on a particular day can 
be converted to the maximum value to be expected.

Measurement
The earth resistivity ρE is determined using an earthing meas-
uring bridge with four clamps (four-conductor method / four-
pole measuring method) which operates according to the zero 
method.
Figure 5.5.6 shows the measurement arrangement of this 
measuring method named after WENNER. The measurement 
is carried out from a fixed central point M which is kept for 
all subsequent measurements. Four measuring probes (30 to  
50 cm long earth spikes) are driven into the soil along a line 
a – a' pegged out in the ground. The earth resistivity ρE of the 
ground can be determined from the measured resistance R:

E
= 2 e R

R  Measured resistance in Ω

e  Probe spacing in m

ρE Average earth resistivity in Ωm up to a depth accord-
ing to the probe spacing e

By increasing the probe spacing e and retuning the earthing 
measuring bridge, the curve of the earth resistivity ρE can be 
determined as a function of the depth.

Calculation of earth resistances
Table 5.5.1 shows the formulas for calculating the earth re-
sistances of commonly used earth electrodes. In practice, these 
approximate formulas are quite sufficient. The exact calcula-
tion formulas are specified in the following sections.

about 1.5 m, the maximum deviation of the earth resistivity 
from the average value is about ± 30 % (Figure 5.5.5).

If earth electrodes (particularly earth rods) are buried deeper, 
the fluctuation is only ± 10 %. From the sine-shaped curve of 

Concrete

Boggy soil, turf

Farmland, loam

Humid sandy soil

Dry sandy soil

Rocky soil

Gravel

Lime

River / lake water

Sea water

ρE in Ωm 0.1 1 10 100 1000 10000

Figure 5.5.4 Earth resistivity ρE in case of different types of soil
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Figure 5.5.5 Earth resistivity ρE as a function of the time of year 
without precipitation effects (burial depth of the earth 
electrode < 1.5 m)

e e e

a M a’

measuring
device

Figure 5.5.6 Determination of the earth resistivity ρE by means of a 
four-terminal measuring method (WENNER method)
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Figure 5.5.7 Earth resistance RA as a function of length I of the 
surface earth electrode in case of different earth  
resistivities ρE
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Figure 5.5.8 Earth potential UE between the supply line of the earth 
electrode and the earth surface as a function of the 
distance from the earth electrode in case of an strip 
earth electrode (8 m long) in different depths

In practice, it is sufficient to calculate the earth resistance us-
ing the approximate formula in Table 5.5.1:

R
A
=

2
E

l
Earth rod
The earth resistance RA of an earth rod is calculated as follows:

R
A
= E

2 l
ln

2l
r

Straight surface earth electrode
Surface earth electrodes are typically embedded horizontally in 
the ground at a depth of 0.5 to 1 m. Since the soil layer above 
the earth electrode dries out in summer and freezes in winter, 
the earth resistance RA of such a surface earth electrode is 
calculated as if it is installed on the surface of the ground:

R
A
= E

l
ln

 l
r

RA Earth resistance of a stretched surface earth electrode 
in Ω

ρE  Earth resistivity in Ωm

l  Length of the surface earth electrode in m

r  Quarter width of strip steel in m or radius of the round 
wire in m

Figure 5.5.7 shows the earth resistance RA as a function of 
the length of the earth electrode.

Figure 5.5.8 shows the transverse and longitudinal earth po-
tential UE for an 8 m long strip earth electrode. The effect of the 
burial depth on the earth potential can be clearly seen.

Figure 5.5.9 illustrates the step voltage US as a function of 
the burial depth.
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Figure 5.5.9 Maximum step voltage US as a function of the burial 
depth for a stretched strip earth electrode
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RA Earth resistance in Ω

ρE Earth resistivity in Ωm 

l Length of the earth rod in m

r Radius of the earth rod in m
As an approximation, the earth resistance RA can be calculated 
using the approximate formula given in Table 5.5.1:

R
A
= E

l
Figure 5.5.10 shows the earth resistance RA as a function of 
the rod length l and the earth resistivity ρE .

Combination of earth electrodes
If several earth rods are installed next to one another (due 
to the soil conditions), the distance between the earth elec-

Earth electrode
Approximate 

formula
Auxiliary

Surface earth 
electrode (radial 
earth electrode)

R
A
=

2
E

l
–

Earth rod R
A
=

 
E

l –

Ring earth  
electrode

R
A
=

2
E

3 d
d = 1.13 A2

Meshed earth 
electrode

R
A
= E

2 d
d = 1.13 A2

Earth plate R
A
= E

4.5 a –

Hemispherical /  
foundation earth 
electrode

R
A
= E

d d = 1.57 V3

RA Earth resistance (Ω)
ρE Earth resistivity (Ωm)
l Length of the earth electrode (m)
d Diameter of a ring earth electrode, the area of the equivalent  
 circuit or a hemispherical earth electrode
A Area (m2) of the enclosed area of a ring or meshed earth  
 electrode
a Edge length (m) of a square earth plate. In case of rectangular  
 plates: a is substituted by b c , where b and c are the two 
 sides of the rectangle
V Volume of a single foundation earth electrode

Table 5.5.1 Formulas for calculating the earth resistance RA for 
different earth electrodes

trodes should correspond at least to their drive-in depth. The 
individual earth rods must be interconnected.

The earth resistances calculated using the formulas and the 
measurement results in the diagrams apply to low-frequency 
direct current and alternating current provided that the expan-
sion of the earth electrode is relatively small (a few hundred 
metres). For greater lengths, e.g. in case of surface earth elec-
trodes, the alternating current also has an inductive compo-
nent.
However, the calculated earth resistances do not apply to 
lightning currents. In this case, the inductive component plays 
a role, which can lead to higher values of the conventional 
earthing impedance in case of a large expansion of the earth-
termination system.
Increasing the length of the surface earth electrodes or earth 
rods to more than 30 m only insignificantly reduces the con-
ventional earthing impedance. It is therefore advisable to com-
bine several short earth electrodes. In such cases, it must be 
observed that the actual total earth resistance is higher than 
the value calculated from the individual resistances connected 
in parallel due to the mutual interaction of the earth electrodes. 

Radial earth electrodes
Radial earth electrodes in the form of crossed surface earth 
electrodes are important when relatively low earth resistances 
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Figure 5.5.10 Earth resistance RA of earth rods as a function of their 
length I in case of different earth resistivities ρE
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Figure 5.5.11 Earth resistance RA of crossed surface earth elec-
trodes (90 °) as a function of the burial depth

According to Figure 5.5.12, the earth resistance of a meshed 
earth electrode is calculated as follows:

R
A
= E

2 d

where d is the diameter of the analogous circle which has the 
same area as the meshed earth electrode. It is determined as 
follows:

For rectangular or polygonal dimensions of the meshed earth 
electrode:

d =
4 A

A  Area of the meshed earth electrode in m2

For square dimensions (edge length b):

d = 1.1 b

Figure 5.5.13 shows the curve of the conventional earth 
impedance of single-arm and multiple-arm surface earth elec-
trodes in case of square-wave impulse voltages.

should be created in poorly conducting ground at acceptable 
costs.
The earth resistance RA of a crossed surface earth electrode 
whose sides are arranged at an angle of 90 ° to each other is 
calculated as follows:

R
A
= E

4 l
ln

 l
r
+1.75

RA Earth resistance of the crossed surface earth electrode 
in Ω

ρE Earth resistivity in Ωm

l Side length in m

d Half bandwidth in m or diameter of the round wire in m 

As a rough approximation, in case of greater arm lengths  
(l > 10 m), the earth resistance RA can be determined using the 
total arm length from the equations in Table 5.5.1. 

Figure 5.5.11 shows the curve of the earth resistance RA of 
crossed surface earth electrodes as a function of the burial 
depth; Figure 5.5.12 shows the curve of the earth potential.
In case of radial earth electrodes, the angle between the indi-
vidual arms should be greater than 60 °.
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Figure 5.5.12 Earth potential UE between the supply line of the earth 
electrode and the earth surface of crossed surface earth 
electrodes (90 °) as a function of the distance from the 
cross centre point (burial depth of 0.5 m)
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Earth rods connected in parallel
To keep interactions within acceptable limits, the distances be-
tween the single earth electrodes for earth rods connected in 
parallel should not be less than the drive-in depth.
If the single earth electrodes are roughly arranged in a circle 
and have approximately the same length, the earth resistance 
can be calculated as follows:

R
A
=

R
A '

p

where RA' is the average earth resistance of the single earth 
electrodes. The reduction factor p as a function of the length 
of the earth electrodes, the distance between the single earth 
electrodes and the number of earth electrodes can be taken 
from Figure 5.5.14.

Combination of strip earth electrodes and earth 
rods
If earth rods provide a sufficient earth resistance, for example 
in case of deep water carrying layers in sandy soil, the earth 
rod should be installed as close as possible to the object to 
be protected. If a long supply line is required, it is advisable to 
install a multiple radial earth electrode in parallel to the line to 
reduce the resistance as the current rises.

As can be seen from this diagram, it is more favourable to 
install a radial earth electrode than a single arm for the same 
length.

Foundation earth electrodes
The earth resistance of a metal conductor in a concrete foun-
dation can be calculated as an approximation using the for-
mula for hemispherical earth electrodes:

R
A
= E

d

where d is the diameter of the analogous hemisphere having 
the same volume as the foundation:

d = 1.57 V3

V Volume of the foundation in m3

When calculating the earth resistance, it must be observed 
that the foundation earth electrode is only effective if the con-
crete body contacts the surrounding ground over a large area. 
Water-repellent, insulating shielding significantly increases the 
earth resistance or insulates the conductor in the foundation 
(see 5.5.2).
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Figure 5.5.14 Reduction factor p for calculating the total earth 
resistance RA of earth rods connected in parallel
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The potential of the earth´s surface decreases as the distance 
from the earth electrode increases (Figure 5.5.1).

The inductive voltage drop across the earth electrode as the 
lightning current increases only has to be taken into account 
for extended earth-termination systems (e.g. in case of long 
surface earth electrodes in poorly conducting soil with rocky 
surface). In general, the earth resistance is defined by the ohm-
ic component only.

If isolated conductors are led into the structure, the full earth 
potential UE occurs.
In order to avoid the risk of puncture and flashover, such con-
ductors are connected to the earth-termination system via 
isolating spark gaps or in case of live conductors via surge pro-
tective devices (see DEHN surge protection main catalogue) as 
part of the lightning equipotential bonding.

The magnitude of the earth resistance must be limited to mini-
mise touch and step voltages.

The earth-termination system can be designed as a foundation 
earth electrode, a ring earth electrode and, in case of buildings 
with large surface areas, as a meshed earth electrode and, in 
special cases, also as a single earth electrode. 
In Germany, foundation earth electrodes must be designed in 
accordance with DIN 18014.
Conventional foundation earth electrodes are designed as a 
closed ring and arranged in the foundations of the external 
walls of the building or in the foundation slab according to 
DIN 18014. In case of large structures, foundation earth elec-
trodes should contain cross-connections to prevent that the 
maximum mesh size of 20 m x 20 m is exceeded.
Foundation earth electrodes must be arranged so that they are 
enclosed by concrete on all sides. 
In the service entrance room, the foundation earth electrode 
must be connected to the equipotential bonding bar. Accord-
ing to IEC 62305-3 (EN 62305-3), a foundation earth electrode 
must be provided with terminal lugs to connect the down 
conductors of the external lightning protection system to the 
earth- termination system.

Due to the risk of corrosion at the point where a terminal lug 
leaves the concrete, additional anti-corrosion measures should 
be taken (PVC sheath or preferably stainless steel e.g. of mate-
rial No. AISI/ASTM 316 Ti).
The reinforcement of slab or strip foundations can be used as 
a foundation earth electrode if the required terminal lugs are 
connected to the reinforcement and the reinforcements are 
interconnected via the joints in such a way that the can carry 
currents.

As an approximation, the earth resistance of a strip earth 
electrode with earth rod can be calculated as if the strip earth 
electrode was extended by the drive-in depth of the earth rod.

R
A

E

l
stripearthelectrode

+ l
earth rod

Ring earth electrode
In case of circular ring earth electrodes with large diameters  
(d > 30 m), the earth resistance is calculated as an approxima-
tion using the formula for the strip earth electrode (where the 
circumference π ⋅ d is used for the length of the earth elec-
trode):

R
A
= E

2 d
ln

d
r

r  Radius or the round wire or quarter width of the strip 
earth electrode in m

For non-circular ring earth electrodes, the earth resistance is 
calculated by using the diameter d of an analogous circle with 
the same area:

R
A
=

2
E

3 d

d =
A 4

A Area encircled by the ring earth electrode in m2

Implementation
According to the IEC standards, each installation to be protect-
ed must have its own earth-termination system which must 
be fully functional without using metal water pipes or earthed 
conductors of the electrical installation.
The magnitude of the earth resistance RA plays only a minor 
role for protecting a building or installation against lightning. 
More important is that the equipotential bonding is estab-
lished consistently at ground level and the lightning current is 
safely distributed in the ground.
The lightning current i raises the object to be protected to the 
earth potential UE 

U
E
= i R

A
+

1
2

L
di
dt

with respect to reference earth.
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trodes and earth rods with the same earth resistance are 
roughly the same.

According to Figure 5.5.15, an earth rod must only have ap-
proximately half the length of a surface earth electrode.
If the conductivity of the ground is better in deep ground than 
on the surface, e.g. due to ground water, an earth rod is gener-
ally more cost-effective than a surface earth electrode.

The question of whether earth rods or surface earth electrodes 
are more cost-effective in individual cases can frequently only 
be answered by measuring the earth resistivity as a function 
of the depth. 
Since earth rods are easy to assemble and achieve excellent 
constant earth resistances without requiring excavation work 
and damaging the ground, these earth electrodes are also suit-
able for improving existing earth-termination systems.

5.5.1 Earth-termination systems in accordance 
with IEC 62305-3 (EN 62305-3)

The earth-termination system is the continuation of the air-
termination systems and down conductors to discharge the 
lightning current to the earth. Other functions of the earth-
termination system are to establish equipotential bonding be-
tween the down conductors and to control the potential in the 
vicinity of the building walls.
It must be observed that a common earth-termination system 
is to be preferred for the different electrical systems (lightning 
protection systems, low-voltage systems and telecommunica-
tions systems). This earth-termination system must be connect-
ed to the equipotential bonding system via the main earthing 
busbar (MEB).
Since the IEC 62305-3 (EN 62305-3) standard requires con-
sistent lightning equipotential bonding, no particular value 
is specified for the earth resistance. In general, a low earth 
resistance (≤ 10 Ω, measured with a low frequency) is recom-
mended.
The standard distinguishes two types of earth electrode ar-
rangements, type A and type B.
Both type A and B earth electrode arrangements have a mini-
mum earth electrode length I1 of the earthing conductors ac-
cording to the class of LPS (Figure 5.5.1.1)
The exact soil resistivity can only be determined by on-site 
measurements using the “WENNER method“ (four-conductor 
measuring method).

Type A earth electrodes 
Type A earth electrode arrangements describe individually ar-
ranged vertical earth electrodes (earth rods) or horizontal ra-

Surface earth electrodes must be buried at a depth of at least 
0.5 m in the form a closed ring.

The conventional earthing impedance of earth electrodes de-
pends on the maximum value of the lightning current and of 
the earth resistivity (see also Figure 5.5.13). As an approxi-
mation, the effective length of the earth electrode in case of 
lightning currents is calculated as follows:

Surface earth electrode:

l
eff

= 0.28 î
E

Earth rod:

l
eff

= 0.2 î
E

leff Effective length of the earth electrode in m

î Peak value of the lightning current in kA

ρE Earth resistivity in Ωm

The conventional earthing impedance Rst can be calculated  
using the formulas in Table 5.5.1, where the effective length 
of the earth electrode Ieff is used for the length I.
Surface earth electrodes are advantageous when the upper 
soil layers have a lower resistivity than the subsoil.

If the ground is relatively homogeneous (namely if the earth 
resistivity at the surface of the earth is roughly the same as 
in deep ground), the construction costs of surface earth elec-
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earth rods as a function of the earth electrode length I
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Figure 5.5.1.1 Minimum lengths of earth electrodes

the connecting cable of the single earth electrodes can also be 
implemented in the structure.

Type B earth electrodes 
Type B earth electrodes are ring earth electrodes encircling the 
object to be protected or foundation earth electrodes. In Ger-
many, the requirements for earth-termination systems of new 
buildings are described in DIN 18014.
If it is not possible to encircle the structure by means of a 
closed ring, the ring must be complemented by means of con-
ductors inside the structure. Pipework or other permanently 
conductive metal components can also be used for this pur-

dial earth electrodes (surface earth electrodes), which must be 
connected to a down conductor.
A type A earth electrode arrangement require at least two 
earth electrodes. A single earth electrode is sufficient for indi-
vidually positioned air-termination rods or masts.
A minimum earth electrode length of 5 m is required for class 
of LPS III and IV. For class of LPS I and II the length of the 
earth electrode is defined as a function of the soil resistivity. 
Figure 5.5.1.1 shows the minimum earth electrode length I1. 
The minimum length of each earth electrode is:

I1 x 0.5 For vertical or inclined earth electrodes

I1 For radial earth electrodes

The values determined apply to each single earth electrode.
If different earth electrodes (vertical and horizontal) are com-
bined, the equivalent total length should be taken into account.
The minimum earth electrode length can be disregarded if an 
earth resistance of less than 10 Ω is achieved.
In general, earth rods are vertically driven deeply into natu-
ral soil which typically starts below foundations. Earth elec-
trode lengths of 9 m have proven to be advantageous. Earth 
rods have the advantage that they reach soil layers in greater 
depths whose resistivity is generally lower than in the areas 
close to the surface.
It is recommended that the first metre of a vertical earth elec-
trode is considered ineffective under frost conditions.
Type A earth electrodes do not meet the requirements with 
regard to equipotential bonding between the down conduc-
tors and potential control. Single earth electrodes of type A 
must be interconnected to ensure that the current is evenly 
split. This is important for calculating the separation distance s. 
Type A earth electrodes can be interconnected below or on the 
surface of the earth. When retrofitting existing installations, 

A
π

A = A1 = A2

r = 

r ≥ l1

r
area under 
consideration A1

circular area A2
mean radius r

In case of ring or foundation 
earth electrodes, the mean 
radius r of the area enclosed 
by the earth electrode must 
not be less than l1.

Figure 5.5.1.2 Type B earth electrode – Determination of the mean 
radius – Sample calculation

A
π

A = A1 = A2

r = 

r ≥ l1

r

12 m

12 m

5 m

5 m

7 m

7 m

area under 
consideration A1

circular area A2
 mean radius r

Example: Residential building, 
class of LPS III, l1 = 5 m

A1 = 109 m2

r  = 

r  = 5.89 m

109 m2

3.14
No additional 
earth electrodes 
are required!

Figure 5.5.1.3 Type B earth electrode – Determination of the mean 
radius – Sample calculation



LIGHTNING PROTECTION GUIDE  129www.dehn-international.com

5.5.2 Earth-termination systems, foundation 
earth electrodes and foundation earth 
electrodes for special structural measures

Foundation earth electrodes – Type B earth  
electrodes
DIN 18014 (German standard) specifies the requirements for 
foundation earth electrodes of new buildings.
Many national and international standards prefer founda-
tion earth electrodes because, when properly installed, they 
are embedded in concrete on all sides and are thus corrosion-
resistant. The hygroscopic characteristics of concrete typically 
ensure a sufficiently low earth resistance.
The foundation earth electrode must be installed as a closed 
ring in the strip foundation or floor slab (Figure 5.5.2.1) and 
thus primarily serves the purpose of functional equipotential 
bonding. The division into meshes ≤ 20 m x 20 m and the 
connectors required to the outside to connect the down con-
ductors of the external lightning protection system and to the 
inside for equipotential bonding must be considered (Figure 
5.5.2.2). According to DIN 18014, the installation of the foun-
dation earth electrode is an electrical measure and must there-

pose. The earth electrode must be in contact with the soil for 
at least 80 % of its total length to ensure that a type B earth 
electrode can be used as a base for calculating the separa-
tion distance. The minimum lengths of type B earth electrodes 
depend on the class of LPS. In case of classes of LPS I and II, 
the minimum earth electrode length also depends on the soil 
resistivity (Figure 5.5.1.1).
The mean radius r of the area encircled by a type B earth elec-
trode must be not less than the specified minimum length l1.
To determine the mean radius r, the area under consideration 
is transferred into an equivalent circular area and the radius is 
determined as shown in Figures 5.5.1.2 and 5.5.1.3.

Sample calculation:
If the required value of l1 is greater than the value of r cor-
responding to the structure, further radial or vertical earth 
electrodes (or inclined earth electrodes) must be added whose 
relevant lengths lr (radial / horizontal) and lv (vertical) result 
from the following equations:

l
r
= l

1
r

l
v
=

l
1

r

2
The number of additional earth electrodes must not be less 
than the number of down conductors, but at least two. These 
additional earth electrodes should be connected to the ring 
earth electrode so as to be spaced equally around the perim-
eter.

If additional earth electrodes are to be connected to the 
foundation earth electrode, the earth electrode material and 
the connection to the foundation earth electrode must be 
observed. Stainless steel, e.g. material No. AISI/ASTM 316 Ti, 
should be preferably used (see chapter 5.5.2, Figure 5.5.2.1).

The following systems may place additional requirements on 
the earth-termination system:

 ¨ Electrical systems – Disconnection requirements of the rel-
evant system configuration (TN, TT, IT systems) in accord-
ance with IEC 60364-4-41 (HD 60364-4-41)

 ¨ Equipotential bonding in accordance with IEC60364-5-54 
(HD 60364-5-54)

 ¨ Electronic systems – Data information systems

 ¨ Antenna earthing in accordance with DIN VDE 0855  
(German standard)

 ¨ Electromagnetic compatibility (EMC)

 ¨ Transformer station in or near the structure in accordance 
with EN 50522 

2 m... ...

Foundation earth electrode
– Round wire (Ø 10 mm) or strip (30 mm x 3.5 mm), St/tZn
– Concrete cover of at least 5 m
– Closed ring
– Connection to the reinforcement at intervals of 2 m by means  
 of a clamp  

Terminal lug        to main earthing busbar        and

terminal lugs        for the external lightning protection system 

with SV clamp        at least 1.5 m long, easily identifiable

– Round wire, StSt, e.g. mat. No. AISI/ASTM 316 Ti (V4A), 10 mm
– Strip, StSt, e.g. mat. No. AISI/ASTM 316 Ti (V4A), 30 x 3.5 mm  
– Round wire, StZn, Ø 10 mm, with plastic sheath
– Fixed earthing terminal

Higher earth electrode 
cross-sections may be re-
quired for buildings with 
transformer stations.

Figure 5.5.2.1 Foundation earth electrode with terminal lug
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≤ 20 m 

≤
 2

0 
m

15 m 

2 m... ...

Recommendation: Several 
terminal lugs e.g. in every 
technical equipment room

terminal lug 
e.g. according to class of 
LPS III at intervals of 15 m

additional connecting cable 
for forming meshes 
≤ 20 x 20 m

Figure 5.5.2.2 Mesh of a foundation earth electrode

Figure 5.5.2.3 Foundation earth electrode

fore be carried out or supervised by a certified lightning 
protection specialist or electrician.
The question of how to install the foundation earth electrode 
depends on the measure required to ensure that the founda-
tion earth electrode is embedded in concrete on all sides.

Installation in non-reinforced concrete
Spacers must be used in non-reinforced foundations such as 
strip foundations of residential buildings (Figure 5.5.2.3). 
Only by using these spacers at intervals of approximately 2 m it 
is ensured that the foundation earth electrode is “raised” and 
embedded in concrete (at least 5 cm) on all sides to protect the 
foundation earth electrode (St/tZn) against corrosion.

Installation in reinforced concrete
In case of closed reinforced foundations, the foundation earth 
electrode is installed on the lowest reinforcement layer. When 
installed properly, a foundation earth electrode made of round 
or strip steel (galvanised) is covered by concrete by at least  
5 cm on all sides and is thus corrosion-resistant. The hygro-
scopic characteristics of concrete typically ensure a sufficiently 
low earth resistance.

When using steel mats, reinforcement cages or reinforcing bars 
in foundations, the foundation earth electrode should be con-
nected to these natural iron components at intervals of 2 m by 
means of clamping or welding to improve the function of the 
foundation earth electrode. 

Figure 5.5.2.4 Foundation earth electrode in use

Figure 5.5.2.5 Fixed earthing terminal
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alloy stainless steel, e.g. material No. AISI/ASTM 316 Ti, or fixed 
earthing terminals (Figure 5.5.2.5).

When installing the foundation earth electrode, the mesh size 
must not exceed 20 x 20 m. This mesh size does not depend 
on the class of LPS of the external lightning protection system 
(Figure 5.5.2.6).

Nowadays, various types of foundations with different designs 
and sealing versions are used.
Heat insulation regulations have also influenced the design of 
strip foundations and foundation slabs. 
If foundation earth electrodes are installed in new structures 
based on DIN 18014, the sealing / insulation affects their in-
stallation and arrangement.

Connecting clamps for reinforcements
Foundation earth electrodes must be connected to the rein-
forcement of the foundation slab at intervals of 2 m. To do so, 
there are various possibilities.
Clamping turned out to be the most cost-effective solution 
since this connection can be made easily and quickly on site. 
Moreover, according to the latest lightning protection stand-
ards, reinforcing steel, for example, can be used as a natural 
component of the down-conductor system. Since the compo-
nents of the foundation earth electrode must be connected in 
such a way that they are permanently conductive and mechan-
ically stable, these connections are efficiently made by means 
of screws according to IEC 62561-1 (EN 62561-1) (Lightning 
protection system components Part 1: Requirements for con-
nection components). More detailed information on this topic 
can be found in chapter 5.8.

Figure 5.5.2.7 gives an overview of the nominal and outer 
diameters as well as the cross-sections of reinforcing steel.
The outer diameter of reinforcing steel is decisive for selecting 
the connection components / clamps.

The modern methods of laying concrete in reinforced concrete 
foundations and then vibrating / compacting it ensure that the 
concrete also “flows” under the earth electrode enclosing it 
on all sides if the flat strip is installed horizontally, thus ensur-
ing corrosion resistance. Consequently, vertical installation of 
the flat strip is not required when mechanically compacting 
concrete. Figure 5.5.2.4 shows an example of the horizontal 
installation of a flat strip as a foundation earth electrode. The 
intersections of the foundation earth electrode must be con-
nected in such a way that they are capable of carrying currents. 
It is sufficient to use galvanised steel for foundation earth elec-
trodes.

Terminal lugs to the outside into the ground must be protected 
against corrosion at the point where they leave the structure. 
Suitable materials are, for example, plastic sheathed steel wire 
(owing to the break risk of the plastic sheath at low tempera-
tures, special care must be taken during the installation), high-

Figure 5.5.2.6 Meshed foundation earth electrode

Outer diameter dANominal diameter dS

The outer diameter 
including the ribs is about 
dA = 1.15 x dS

Figure 5.5.2.7 Diameters of reinforcing steels

Nominal diameter ds (mm) 6 8 10 12 14 16 20 25 28 32 40

Outer diameter including the ribs dA (mm) 6.9 9.2 11.5 13.8 16.1 18.4 23 29 32 37 46

Nominal cross-section (mm2) 28.3 50.3 78.5 113.1 154 201 314 491 616 804 1257
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Concrete buildings with a high resistance to water penetra-
tion are built without additional extensive external sealing 
and prevent the ingress of water solely due to the concrete 
and structural measures such as joint sealing and crack width 
limitation. Particular care is required when erecting these wa-
terproof buildings since all building components such as joint 
sealings, entries for water, gas, electricity and telephone lines 
(in the form of multi-line building entries), sewer pipes, other 

Figure 5.5.2.8 Bridging braid with fixed earthing terminals

expansion 
joint

foundation slab

Figure 5.5.2.9 Bridging a foundation earth electrode by means of an 
expansion strap

Figure 5.5.2.10 Membrane of foundation slabs

Expansion joints
Foundation earth electrodes cannot be passed across expan-
sion joints. At these points, they can be led out near walls and 
connected by means of fixed earthing terminals and bridging 
braids in case of e.g. concrete walls (Figure 5.5.2.8).

However, in case of foundation slabs with large dimensions, 
the meshes of the foundation earth electrode must be led 
through these expansion joints (sections or joints) without 
leading them out of the wall. Special expansion straps, which 
create cavities in the concrete by means of a styrofoam block 
and an integrated flexible connection, can be used in this 
case.
The expansion strap is embedded in the foundation slab in 
such a way that the styrofoam block is situated in one section 
and the other end is routed loosely in the next section (Figure 
5.5.2.9).

Membranes in case of foundation slabs
Membranes made of polyethylene with a thickness of about 
0.3 mm are often laid on the blinding layer as a separation 
layer (Figure 5.5.2.10).
These membranes only slightly overlap and are not water-
repellent.
They typically only have little impact on the earth resistance 
and can thus be neglected. For this reason, foundation earth 
electrodes can be installed in the concrete of the foundation 
slab.

Dimpled membranes
Dimpled membranes are used to replace the blinding layer for 
foundation slabs and often enclose the entire basement (Fig-
ure 5.5.2.11).
These dimpled membranes are made of special high-density 
polyethylene with a thickness of approximately 0.6 mm (dim-
ple height of approximately 8 mm) (Figure 5.5.2.12). The 
individual membranes have a width of about 2 to 4 m, over-
lap (about 20 to 25 cm) and keep water away. The foundation 
earth electrode therefore cannot be effectively installed in the 
foundation slab.
For this reason, a ring earth electrode made of stainless steel 
(V4A), e.g. material No. AISI/ASTM 316 Ti, with an adequate 
mesh size is buried outside the foundation below the dimpled 
membranes. 

Foundations with an increased earth contact 
resistance
“White tank” made of waterproof concrete
Waterproof concrete has a high resistance to water penetra-
tion. In Germany, closed tanks made of waterproof concrete 
are informally also referred to as “white tanks”.
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cables or lines, connection components for the foundation 
earth electrode or equipotential bonding must be permanently 
waterproof or pressure-water-proof. The installer is responsible 
for the watertightness of the building.
The term waterproof concrete is not defined in the latest 
concrete production standards. In practice, concrete with a 
concrete quality of e.g. C20/25 is used (compressive strength 
cylinder / cube in N/mm2).
The watertightness of concrete mixes depends on the cement 
content. 1 m3 of waterproof concrete has a cement content 

Figure 5.5.2.11 Use of dimpled membranes Figure 5.5.2.12 Dimpled membrane

of at least 320 kg cement (low-heat cement). A low degree 
of concrete shrinkage, the recommended minimum concrete 
compressive strength C25/30 and the water / cement ratio, 
which must be below 0.6, are equally important. 

Compared to previous years, moisture no longer penetrates 
some centimetres into the “white tank”. Modern concretes 
with a high resistance to water penetration only absorb 1.5 cm 
of water. Since the foundation earth electrode must be covered 
by a concrete layer of at least 5 cm (corrosion), the concrete 

Waterproof concrete, 
compressive strength 
≥ C25/30, water / cement 
ratio < 0.6*

Soil

Maximum ground water level

* Zement-Merkblatt H 10: Wasserundurch-
lässige Betonbauwerke (www.beton.org)

Membrane

Foundation slab

Blinding layer

Reinforcement

Functional equipotential 
bonding conductor

Corrosion-resistant ring 
earth electrode, StSt (V4A) 
(e.g. material No. AISI/ASTM 316 Ti)

Sealing tape

Connection for the LPS

Main earthing busbar (MEB)
Part No. 563 200

Pressure-water-tight 
wall bushing
Part No. 478 530

SV clamp
Part No. 308 229

Connecting clamp
Part No. 308 025

Figure 5.5.2.13 Arrangement of the foundation earth electrode in case of a “white tank” according to the German DIN 18014 standard
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floor surface

blinding layer

foundation slab

soil

ring earth electrode

functional equipotential 
bonding conductor

maximum ground 
water level

terminal lug for 
the down conductor

connection to 
the reinforcement

pressure-water-tight 
wall bushing

main earthing busbar (MEB)

Figure 5.5.2.14 Three-dimensional representation of the ring earth electrode, functional equipotential bonding conductor and connections via 
pressure-water-tight wall bushings

or below the ground water level by means of pressure-water-
tight bushings.
Figures 5.5.2.13 and 5.5.2.14 show the arrangement of a 
ring earth electrode and a functional equipotential bonding 
conductor in a “white tank”.

Waterproof wall bushings
The electrical connection to the ring earth electrode must be 
waterproof. The requirements, which are for example placed 
on “white tanks”, were also considered when developing the 
waterproof wall bushing. During the product development 
process, special emphasis was placed on incorporating com-
ponent requirements as realistically as possible. The specimens 
were embedded in concrete (Figure 5.5.2.15) and then sub-
jected to a pressure water test. Since installation situations 
up to a depth of 10 m are common practice in the building 
industry (e.g. underground car parks), this installation situa-
tion was transferred to the specimens by subjecting them to a 
water pressure of 1 bar after the concrete had cured (Figure 
5.5.2.16). In a long-time test over 65 hours, the watertight-
ness of the specimens was tested.
Capillary action is a problem for wall bushings. This means that 
liquids (e.g. water) disperse differently in narrow gaps or ducts 
in the concrete and are thus virtually drawn up or soaked into 

can be considered to be an electrical insulator downstream of 
the water penetration area. Thus, the foundation earth elec-
trode is no longer in contact with the soil.
For this reason, a ring earth electrode with a mesh size  
≤ 20 m x 20 m must be installed in the blinding layer or soil 
below the foundation slab of buildings with “white tank”. If 
a lightning protection system is required, the mesh size is re-
duced to ≤ 10 m x 10 m. This reduced mesh size is supposed 
to prevent possible puncture between the functional equi-
potential bonding conductor / reinforcement and the sealing 
(concrete) to the ring earth electrode installed underneath the 
concrete in case of a lightning strike.
In addition, a functional equipotential bonding conductor with 
a mesh size ≤ 20 m x 20 m must be installed in the foundation 
slab according to the German DIN 18014 standard. The proce-
dure is identical to that in case of a foundation earth electrode.

The ring earth electrode must be connected to the concrete-
embedded functional equipotential bonding conductor at in-
tervals of 20 m (perimeter of the building) or, if a lightning 
protection system is installed, to each down conductor of the 
lightning protection system to act as a combined equipotential 
bonding system according to IEC 60364-4-44 (HD 60364-4-44).  
These connections can be made above the ground water level 
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the building. These narrow gaps or ducts can occur during the 
curing process and the resulting shrinkage of concrete.
Therefore, professional and proper installation of the wall 
bushing into the formwork is essential. This is described in de-
tail in the relevant installation instructions. 
Waterproof wall bushings for “white tanks”, e.g. Part No.  
478 550 (Figure 5.5.2.17):

 ¨ Version for installation into the formwork with water bar-
rier and M10/12 double thread on both ends is connected 
e.g. to a ring earth electrode or equipotential bonding bar.

 ¨ Adjustable depending on the wall thickness by means of 
M10 thread and lock nut. The thread of the bushing can be 
shortened, if required.

 ¨ Tested with compressed air of 5 bars according to  
IEC 62561-5 (EN 62561-5)

“Black tank”
The term “black tank” refers to the black multi-layer bitumi-
nous coating applied to the building in the soil to seal the 
building. The building structure is covered with a bitumen / 
tar mass over which typically up to three layers of bituminous 
sheetings are applied (Figure 5.5.2.18). Nowadays, a poly-
mer-modified bituminous coating is also used.

Due to the high insulation values of the materials used, it can-
not be ensured that a foundation earth electrode is in contact 
with the soil. Here again, a ring earth electrode in conjunction 
with a functional equipotential bonding conductor is required 
(same procedure as for “white tanks”).

Wherever practical, the external ring earth electrode should be 
led into the building above the building sealing, in other words 
above the highest ground water level, to ensure that the tank 
is waterproof in the long term (Figure 5.5.2.19). Pressure-
water-tight penetration of the concrete is only possible by 
means of special components.

Perimeter insulation
Nowadays, various types of foundations with different designs 
and sealing versions are used.

Heat insulation regulations have also influenced the design 
of strip foundations and foundation slabs. If foundation earth 
electrodes are installed in new structures based on the Ger-
man DIN 18014 standard, the sealing / insulation has an effect 
on their installation and arrangement. Perimeter refers to the 
wall and floor area of a building that is in contact with the soil. 
Perimeter insulation is the heat insulation fitted around the 
building. The perimeter insulation situated outside on the seal-
ing layer encloses the building structure without forming heat Figure 5.5.2.18 Bituminous sheetings used as sealing material

Figure 5.5.2.15 Wall bushing installed in the formwork
Figure 5.5.2.16 Test setup (sectional view) with connection for the 

pressure water test

5.5.2.15 5.5.2.16

Figure 5.5.2.17 Waterproof wall bushing
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Tank sealing

Connection for the LPS, 
e.g. StSt (V4A, material 
No. AISI/ASTM 316 Ti)

Blinding layerFunctional equipotential bonding conductor

Corrosion-resistant ring earth electrode, StSt (V4A) (e.g. material No. AISI/ASTM 316 Ti)
Max. mesh size of the ring earth electrode of 10 m x 10 m

Foundation slab

Soil

Maximum ground water level

Wall / earth electrode bushing
Part No. 478 410

Cross unit
Part No. 319 209

Concrete

Connecting clamp
Part No. 308 025

Main earthing busbar (MEB)
Part No. 563 200

Figure 5.5.2.19 Arrangement of the earth electrode in case of a “black tank” according to the German DIN 18014 standard

bridges and additionally protects the sealing from mechanical 
damage (Figures 5.5.2.20 and 5.5.2.21).
The resistivity of the perimeter insulation boards is a decisive 
factor when considering the effects of the perimeter insulation 

Figure 5.5.2.20 Ring earth electrode in case of perimeter insulation; 
source: Company Mauermann

Figure 5.5.2.21 Detailed view of a ring earth electrode; source: 
Company Mauermann

on the earth resistance of foundation earth electrodes which 
are conventionally installed in the foundation slab. A resistivity 
of 5.4 ⋅ 1012 Ωm is specified for e.g. polyurethane foam with a 
density of 30 kg/m3. The resistivity of concrete, in contrast, is 
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This type of perimeter insulation is commonly used below 
the floor slab and laterally at the basement wall. Apart from 
its heat-insulating properties, foam glass gravel also has the 
advantage that it is draining, capillary-breaking, load-bearing 
and, compared to gravel, easy to transport. Before filling the 

between 150 Ωm and 500 Ωm. This means that, in case of full 
perimeter insulation, a foundation earth electrode convention-
ally arranged in the foundation has virtually no effect. Conse-
quently, the perimeter insulation acts as an electrical insulator. 

If the foundation slab and the outer walls are fully insulated 
(full perimeter insulation), a ring earth electrode with an ad-
equate mesh size must be installed below the foundation slab 
in the blinding layer or soil. This earth electrode must be made 
of corrosion-resistant stainless steel (V4A), e.g. material No. 
AISI/ASTM 316 Ti (Figure 5.5.2.22). As with “white tanks”, a 
functional equipotential bonding conductor is required in this 
case.

Capillary-breaking, poorly conducting floor layers 
e.g. made of recycling material
Nowadays, recycling materials such as foam glass gravel or 
other capillary-breaking materials are used as an alternative 
to full perimeter insulation (Figure 5.5.2.23). These materials 
are a cost-effective alternative to common polyurethane foam 
sheets made of crude oil and serve as blinding layer (subgrade) 
at the same time.

Main earthing busbar (MEB)
Part No. 563 200

SV clamp
Part No. 308 229

Concrete

Soil

Connection 
for the LPS

Foundation slab

Blinding
layer

Reinforcement

Functional equipotential 
bonding conductor

Corrosion-resistant ring earth electrode, 
StSt (V4A) (e.g. material No. AISI/ASTM 316 Ti)

Perimeter 
insulation

Fixed earthing terminal
Part No. 478 011

Connecting clamp
Part No. 308 025

MV clamp
Part No. 390 050

Figure 5.5.2.22 Arrangement of the foundation earth electrode in case of a closed floor slab (fully insulated) acc. to the German DIN 18014 standard

Figure 5.5.2.23 Perimeter insulation: Foam glass granulate is filled in; 
source: TECHNOpor Handels GmbH
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Figure 5.5.2.24 Foundation earth electrode for pad foundations 
with terminal lug; source: Wettingfeld, Krefeld

to use a spacer due to the high-density subgrade (wet mix  
aggregate with rocks, etc.).

Reinforced strip foundations 
In case of reinforced strip foundations, the foundation earth 
electrode is embedded in concrete as a closed ring. The rein-
forcement is also integrated and connected in such a way that 
it is permanently conductive. Due to the risk of corrosion, it 
must be observed that the foundation earth electrode is cov-
ered by a concrete layer of 5 cm. The connection components / 
terminal lugs must be made of stainless steel (V4A).

Steel fibre concrete
Steel fibre concrete is a material which is produced by adding 
steel fibres to the fresh concrete. In comparison to concrete 
without fibres, steel fibre concrete may be subjected to tensile 
force (tensile strength) within certain limits so that the com-
monly used concrete steel reinforcement can be completely 
replaced in many cases. Steel fibre concrete foundations are 
made on site (cast or pumped).

foam glass gravel in the excavation pit, the excavation pit is 
covered with e.g. geotextiles.

To be able to install a standard-compliant earth-termination 
system for this type of perimeter insulation, the ring earth elec-
trode must be installed in contact with the soil below the foam 
glass gravel and geotextiles. Thus, compared to conventional 
methods, the earth electrode is installed at an earlier stage. The 
responsible company must be aware of the fact that the instal-
lation of the earth electrode must be incorporated at an early 
design stage, namely directly after the excavation work. Stain-
less steel (V4A), e.g. material No. AISI/ASTM 316 Ti, must be 
used for the round or flat conductor as well as for the required 
clamps and connectors which are directly installed in the soil. 
Also in this case, the functional equipotential bonding conduc-
tor must be installed in the foundation (see “White tank”).

Pad foundations / point foundations
Pad foundations, also referred to as point foundations, are of-
ten used for industrial buildings. These pad foundations serve 
as a foundation, e.g. for steel supports or concrete beams of 
halls. The foundation slab is not closed. Since these structures 
also require a functioning earth-termination system, earthing 
measures are required for these pad foundations.

Foundation earth electrodes made of round or flat steel (galva-
nised) must have a length of at least 2.5 m in the pad founda-
tions and must be covered by a concrete layer of at least 5 cm 
(Figure 5.5.2.24).

These “individual earth-termination systems” must be inter-
connected to prevent potential differences in the earth-termi-
nation system. This connection should be made on the lowest 
floor, preferably in contact with the soil. Both the connecting 
lines and the connection components of the pad foundation 
must be made of corrosion-resistant stainless steel (V4A). 
If these pad foundations are made of e.g. concrete with a high 
resistance to water penetration (waterproof concrete), a ring 
earth electrode made of stainless steel (V4A) with a mesh size 
≤ 20 m x 20 m must be installed in the soil.

Non-reinforced strip foundations 
Spacers must be used in non-reinforced foundations such as 
strip foundations of residential buildings. Only by using these 
spacers at intervals of approximately 2 m, it is ensured that 
the foundation earth electrode is “raised” and covered by a 
concrete layer of at least 5 cm on all sides (Figures 5.5.2.25 
and 5.5.2.26).
Wedge connectors must not be used when compacting (vi-
brating) this concrete mechanically. The foundation earth 
electrode must be directly positioned on the subgrade and 
must be made of stainless steel (V4A) if it is not possible Figure 5.5.2.25 Spacer with cross unit
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the efficiency of the steel fibres used. A static calculation must 
be made to select the required type and quantity of steel fibres.
Since steel fibres do not significantly influence the electrical 
conductivity of concrete, an earth electrode with a mesh size 
≤ 20 m x 20 m must be installed as earthing measure for pure 
steel fibre concrete slabs. The earthing conductor can be in-
stalled in the concrete and must be covered by a concrete layer 
of 5 cm on all sides for corrosion protection reasons if it con-
sists of galvanised material. This is impractical on site in most 
cases. It is therefore advisable to install a corrosion-resistant 
ring earth electrode made of stainless steel (V4A), e.g. mate-
rial No. AISI/ASTM 316 Ti, below the later foundation slabs. The 
relevant terminal lugs must be considered.

5.5.3 Ring earth electrodes – Type B earth 
electrodes

The earth-termination system of existing structures can be de-
sign in the form of a ring earth electrode (Figure 5.5.3.1). This 
earth electrode must be installed as a closed ring around the 
building or, if this is not possible, a connection must be made 
inside the structure to close the ring. 80 % of the conductors of 

In Germany, steel fibre concrete is mainly used for industri-
al and residential buildings. The steel fibres typically have a 
length of 50 to 60 mm and a diameter of 0.75 to 1.00 mm. 
Straight steel fibres with hooked ends or crimped steel fibres 
are most commonly used (Figure 5.5.2.27). The required con-
tent of steel fibres depends on the load on the floor slab and 

Main earthing busbar (MEB)
Part No. 563 200

Soil

Perimeter 
insulation

LPS

Foundation earth electrode

Concrete

Cross unit
Part No. 318 209

Fixed earthing terminal
Part No. 478 011

MV clamp
Part No. 390 050

Spacer
Part No. 290 001

Blinding layer

Floor slab

Figure 5.5.2.26 Arrangement of the foundation earth electrode in case of a strip foundation (insulated basement wall) according to the Ger-
man DIN 18014 standard

Figure 5.5.2.27 Fresh concrete with steel fibres
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HES

Figure 5.5.3.1 Ring earth electrode around a residential building

struction has the advantage that this connection is mechani-
cally highly stable, electrically safe and capable of carrying 
lightning currents during the drive-in process.

 ¨ With an earth electrode of type S, the soft metal in the 
borehole deforms during the drive-in process, creating an 
excellent electrical and mechanical connection.

 ¨ With an earth electrode of type Z, the high coupling quality 
is achieved by means of a multiply knurled pin.

 ¨ With an earth electrode of type AZ, the high coupling qual-
ity is achieved by means of an offset multiply knurled pin.

Different striking tools are used to drive the earth rods into 
the ground. When selecting these tools, it must be observed 
that the earth rod is driven into the ground with approximately 
1200 strokes/min. A significantly higher number of strokes is 
not advisable, since the striking energy is often not sufficient 
to drive the earth rod deep enough into the ground. In case of 
striking tools whose striking frequency is too low as is the case 
with pneumatic tools, the striking power is much too high and 
the number of strokes is too low. The weight of the striking tool 
should not exceed 20 kg.
The penetration depth of earth rods depends on various geo-
logical conditions. In light grounds, which can be found for 
example in coastal areas or wetlands, penetration depths 
between 30 m to 40 m are possible. Where extremely hard 
grounds are encountered, for example in natural sandy 
ground, penetration depths of more than 12 m are frequently 
impractical. If conventional earth rods are used, the soil is not 
drilled out during the drive-in process, but pushed away by the 
earth rod. This compresses the soil around the earth electrode 
and ensures good electrical contact with the surroundings. The 
larger the outer diameter of the earth rod, the more soil is 
pushed away. For heavy grounds, for example, an earth rod 
with an outer diameter of 25 mm is optimal with regard to 
the maximum drive-in depth and the soil pushed away by the 
earth electrode.
To drive earth rods into greater depths (penetration depths  
> 6 m), it is recommended to use a hammer frame (Part No. 

the earth electrode must be installed in such a way that they 
are in contact with the soil. If this is not possible, it has to be 
checked if additional type A earth electrodes are required.

The requirements on the minimum earth electrode length must 
be taken into account depending on the class of LPS (see chap-
ter 5.5.1). When installing the ring earth electrode, it must be 
also observed that it is buried at a depth > 0.5 m and 1 m 
away from the building. If the earth electrode is driven into the 
soil as described before, it reduces the step voltage and thus 
controls the potential around the building.

This ring earth electrode should be installed in natural soil. If it 
is installed in backfill or soil filled with construction waste, the 
earth resistance is reduced.
When choosing the earth electrode material with regard to 
corrosion, local conditions must be taken into consideration. It 
is advisable to use stainless steel. This earth electrode material 
does neither corrode nor subsequently require time-consuming 
and expensive reconstruction measures for the earth-termina-
tion system such as removal of paving stones, tar surfaces or 
even steps for installing a new earthing material.
In addition, the terminal lugs must be particularly protected 
against corrosion.

5.5.4 Earth rods – Type A earth electrodes 
The sectional DEHN earth rods are made of special steel and 
are hot-dip galvanised or consist of high-alloy stainless steel 
(V4A), e.g. material No. AISI/ASTM 316 Ti. These earth rods are 
characterised by their self-closing coupling joint, which allows 
the earth rods to be connected without increasing their diam-
eter.

Each rod has a borehole at its lower end, while the other end 
of the rod has a corresponding pin (Figure 5.5.4.1). This con-

Type S

Type Z

Type AZ

Figure 5.5.4.1 Couplings of DEHN earth rods
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 ¨ The coupling joints of galvanised earth rods are also hot-
dip galvanised

 ¨ Easy to store and transport since the individual rods are 
1.5 or 1 m long. The smaller individual rod length of 
1 m is particularly designed for subsequent installation 
e.g. into buildings (working height including vibration 
hammer).

5.5.5 Earth electrodes in rocky ground
In rocky or stony ground, surface earth electrodes such as ring 
or radial earth electrodes are often the only way to create 
an earth-termination system. When installing the earth elec-
trodes, the strip or round material is laid on the stony or rocky 
ground. The earth electrode should be covered with gravel, wet 
mix aggregate or the like and should be made of stainless steel 
(V4A), e.g. material No. AISI/ASTM 316 Ti. The clamping points 
should be installed with care and should be protected against 
corrosion. They should consist of a similar corrosion-proof ma-
terial as the earth electrode.

5.5.6 Meshed earth-termination systems
An earth-termination system can fulfil a variety of func-
tions.
The purpose of protective earthing is to safely connect electri-
cal installations and equipment to the earth potential and to 
protect human life and property in the event of an electrical 
fault.
Lightning protection earthing ensures that the current from the 
down conductors is safely discharged to the ground.
The function of functional earthing is to ensure safe and fault-
less operation of electrical and electronic systems.
The earth-termination system of a structure must be used for 
all earthing tasks, in other words the earth-termination system 
fulfils all earthing tasks. If this is not the case, potential differ-
ences can occur between the installations earthed on different 
earth-termination systems. 
In practice, “clean earth” used to be separated from light-
ning protection and protective earth for functionally earthing 
electronic equipment. This is extremely unfavourable and can 
even be dangerous. In the event of lightning effects, extremely 
high potential differences up to some 100 kV occur in the 
earth-termination system. This can lead to the destruction of 
electronic equipment and life hazard. Therefore, IEC 62305-3  
(EN 62305-3) and IEC 62305-4 (EN 62305-4) require consist-
ent equipotential bonding within a structure.
Electronic equipment within a structure can be earthed ra-
dially, centrally or by meshes. A meshed earth-termination 
system should be preferably used. This depends both on the 
electromagnetic environment and on the characteristics of the 

600 003) (Figure 5.5.4.2). When using this hammer frame 
with a striking tool, the striking energy is constantly applied to 
the striking surface of the earth rod via the hammer insert. This 
is not ensured if no hammer frame is used and the striking tool 
is operated by hand. Therefore, it is not advisable to drive earth 
rods more than 6 m into medium or heavy grounds without 
using a hammer frame.

DEHN earth rods have the following benefits:

 ¨ Special coupling: no increase in diameter so that the earth 
rod is in direct contact with the soil across its full length

 ¨ Self-closing coupling when driving the rods into the soil

 ¨ Easy to drive in by means of a vibration hammer or manual 
beetle

 ¨ Constant resistance values are achieved since the earth 
rods penetrate through soil layers which are unaffected by 
seasonal changes in moisture and temperature

 ¨ High corrosion resistance as a result of hot-dip galvanising 
(thickness of the zinc coating: 70 μm)

 ¨ Earth rods made of galvanised steel and stainless steel 
(V4A), e.g. material No. AISI/ASTM 316 Ti, are available

Figure 5.5.4.2 Driving an earth rod into the ground by means of a 
hammer frame and a vibration hammer
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administrationworkshop warehouse

gate

production

production

production

power centre

industrial chimney

Figure 5.5.6.1 Intermeshed earth-termination system of an industrial plant

5.5.7 Corrosion of earth electrodes
5.5.7.1 Earth-termination systems with a  

special focus on corrosion
Metals in direct contact with the soil or water (electrolytes) 
can corrode due to stray currents, corrosive soils and cell 
formation. It is not possible to protect earth electrodes from 
corrosion by completely enclosing them, i.e. by separating the 
metals from the soil since all common sheaths used until now 
have a high electrical resistance and therefore eliminate the 
effect of the earth electrodes.
Earth electrodes made of the same material are prone to corro-
sion due to corrosive soils and the formation of concentration 
cells. The risk of corrosion depends on the material and the 
type and composition of the soil.
Corrosion damage due to cell formation is on the rise. This cell 
formation between different types of metals with very differ-
ent metal / electrolyte potentials has been known for years. 
However, it is often not known that the reinforcements of con-
crete foundations can also become the cathode of a cell and 
hence cause corrosion to other buried installations.
Due to changing construction methods – larger reinforced con-
crete structures and smaller free metal areas in the ground – 
the surface ratio of the anode / cathode is becoming more and 
more unfavourable and the risk of corrosion for non-precious 
metals inevitably increases.

electronic equipment. If a large structure comprises more than 
one building and these buildings are connected by electrical 
and electronic connecting cables, the (total) earth resistance 
can be reduced by combining the individual earth-termination 
systems (Figure 5.5.6.1). In addition, the potential differ-
ences between the buildings are also considerably reduced. 
This significantly reduces the voltage load on the electrical and 
electronic connecting cables. The individual earth-termination 
systems of the buildings should be interconnected to form a 
meshed network. This meshed earthing network should be 
designed such that it contacts the earth-termination systems 
at the point where the vertical down conductors are con-
nected. The smaller the mesh size of the earthing network, 
the lower is the potential differences between the buildings 
in the event of a lightning strike. This depends on the to-
tal area of the structure. Mesh sizes of 20 m x 20 m up to  
40 m x 40 m have proven to be cost-effective. If, for example, 
industrial chimneys (preferred points of strike) are installed, 
the connection components around the relevant part of the 
installation should be closer, and, if possible, arranged radially 
with circular cross-connections (potential control). Corrosion 
resistance and compatibility of materials must be observed 
when choosing the material for the conductors of the meshed 
earthing network.
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Reference electrode
is a measuring electrode for determining the potential of a 
metal in the electrolyte.

Copper sulphate electrode
is an almost non-polarised reference electrode consisting of 
copper in a saturated copper sulphate solution.
The copper sulphate electrode is the most common reference 
electrode for measuring the potential of buried metal objects 
(Figure 5.5.7.1.1).

Corrosion cell
is a galvanic cell with locally different partial current densities 
for dissolving the metal. Anodes and cathodes of the corrosion 
cell can be formed:

 ¨ on the material
 due to different metals (contact corrosion) or different 

structural constituents (selective or intercrystalline corro-
sion).

 ¨ on the electrolyte
 due to different concentrations of certain substances with 

stimulating or inhibitory characteristics for dissolving the 
metal.

Potentials

 ¨ Reference potential
 potential of a reference electrode with respect to the stand-

ard hydrogen electrode.

 ¨ Electrical potential
 is the electrical potential of a metal or an electron-conduct-

ing solid in an electrolyte.

An electrical isolation of parts of an installation acting as an-
odes to prevent this cell formation is only possible in excep-
tional cases. Today the aim is to interconnect all earth elec-
trodes also with other metal installations in contact with the 
soil to establish equipotential bonding and thus ensure maxi-
mum safety against excessive touch voltages in the event of a 
fault and lightning effects.
In high-voltage installations, high-voltage protective earth 
electrodes are increasingly connected to low-voltage op-
erational earth electrodes in accordance with IEC 60364  
(EN 60364). IEC 60364-4-41 (HD 60364-4-41) / IEC 60364-5-54  
(HD 60364-5-54) requires to integrate pipework and other in-
stallations in the protection measures against electric shock. 
Thus, the only way of preventing or at least reducing the risk 
of corrosion for earth electrodes and other installations con-
nected to them is to choose suitable earth electrode materials.
In Germany, the national DIN VDE 0151 standard “Material 
and minimum dimensions of earth electrodes with respect to 
corrosion” is available since June 1986. Apart from decades of 
experience in the field of earthing technology, the results of 
extensive preliminary examinations have also been included in 
this standard. The fundamental processes leading to corrosion 
are explained below. Practical anti-corrosion measures espe-
cially for lightning protection earth electrodes can be derived 
from this and from the material prepared by the VDE task force 
on “Earth electrode materials”.

Terms used in connection with corrosion  
protection and anti-corrosion measurements
Corrosion
is the reaction of a metal material with its environment which 
impairs the characteristics of the metal material and / or its en-
vironment. In most cases, the reaction is electrochemical.

Electrochemical corrosion
is corrosion during which electrochemical processes occur. 
They only take place in the presence of an electrolyte.

Electrolyte
is an ion-conducting corrodent (e.g. soil, water, molten salt).

Electrode
is an electron-conducting material in an electrolyte. The elec-
trode and electrolyte form a half-cell.

Anode
electrode from which direct current passes into the electrolyte.

Cathode
electrode which absorbs direct current from the electrolyte.

Copper rod with hole 
for measurements

Rubber plug

Ceramic cylinder with porous base

Glaze

Saturated Cu/CuSO4 solution

Cu/CuSO4 crystals

Figure 5.5.7.1.1 Application example of a non-polarisable measuring 
electrode (copper / copper sulphate electrode) for 
tapping a potential within the electrolyte (cross-
sectional view)
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Such a concentration cell can be formed, for example, by two 
iron electrodes, one of which is fixed in iron-reinforced con-
crete while the other lies in the ground (Figure 5.5.7.2.3).
Connecting these electrodes, the iron in the concrete becomes 
the cathode of the concentration cell and the iron in the 
ground becomes the anode. The latter is therefore destroyed 
by ion emission.
For electrochemical corrosion it is generally the case that the 
larger the ions and the lower their charge, the greater the 
transport of metal associated with the current flow i (this 
means that i is proportional to the atomic mass of the metal).

In practice, the calculations are carried out with currents 
flowing over a certain period of time, e.g. one year. Table 
5.5.7.2.1 specifies values which define the effect of the corro-
sion current (current density) in terms of the quantity of metal 
dissolved. Corrosion current measurements thus make it pos-
sible to calculate in advance how many grammes of a metal 
will be eroded over a specific period.
Of more practical interest, however, is the prediction if, and 
over which period of time, corrosion will cause holes or re-
cesses in earth electrodes, steel containers, pipes etc. Thus, 
it is important whether the current attack will be diffuse or 
punctiform.
As far as the corrosive attack is concerned, it is not solely the 
magnitude of the corrosion current which is decisive, but also, 
in particular, its density, namely the current per unit of area of 
the discharge area.
It is often not possible to directly determine this current densi-
ty. In such cases, potential measurements are carried out from 
which the extent of the available "polarisation" can be read 
off. The polarisation behaviour of electrodes is discussed only 
briefly here.
Let us consider the case of a galvanised steel strip situated in 
the ground and connected to the (black) steel reinforcement 
of a concrete foundation (Figure 5.5.7.2.4). According to our 
measurements, the following potential differences occur here 
with respect to the copper sulphate electrode:

 ¨ Steel (black) in concrete: –200 mV to –400 mV

 ¨ Steel, galvanised, in sand: –800 mV to –900 mV

 ¨ Steel, galvanised, as good as new: about –1000 mV 

Thus, there is a potential difference of 600 mV between these 
two metals. If they are now connected above ground, a current 
i flows in the outer circuit from concrete steel to the steel in the 
sand, and in the ground from the steel in the sand to the steel 
in the reinforcement.
The magnitude of the current i is now a function of the voltage 
difference, the conductance of the ground and the polarisation 
of the two metals. 

5.5.7.2 Formation of galvanic cells, corrosion
Corrosion processes can be clearly described with the help of 
a galvanic cell. If, for example, a metal rod is immersed into 
an electrolyte, positively charged ions pass into the electrolyte 
and conversely, positive ions are absorbed from the electrolyte 
by the metal band. This is called “solution pressure” of the 
metal and “osmotic pressure” of the solution. Depending on 
the magnitude of these two pressures, either the metal ions 
from the rod pass into the solution (the rod becomes nega-
tive compared to the solution) or the ions of the electrolyte 
deposit on the rod (the rod becomes positive compared to the 
electrolyte). Voltage is thus applied between two metal rods in 
the same electrolyte.
In practice, the potentials of the metals in the ground are 
measured with the help of a copper sulphate electrode which 
consists of a copper rod immersed into a saturated copper sul-
phate solution (Figure 5.5.7.1.1) (the reference potential of 
this reference electrode remains constant).
In the following, it will be described how two rods made of 
different metals are immersed into the same electrolyte. A volt-
age of a certain magnitude is now created on each rod in the 
electrolyte. A voltmeter can be used to measure the voltage 
between the rods (electrodes); this is the difference between 
the potentials of the individual electrodes compared to the 
electrolyte.
How does it come that current flows in the electrolyte and that 
material is transported, that is corrosion occurs?
If, as shown here, the copper and the iron electrode are con-
nected via an ammeter outside the electrolyte, for example, the 
following (Figure 5.5.7.2.1) is observed: In the outer circuit, 
the current i flows from + to –, namely from the “more pre-
cious” copper electrode according to Table 5.5.7.2.1 to the 
iron electrode.
In the electrolyte, in contrast, the current i must therefore flow 
from the “more negative” iron electrode to the copper elec-
trode to close the circuit. In general, this means that the more 
negative pole passes positive ions to the electrolyte and hence 
becomes the anode of the galvanic cell, in other words it is 
dissolved. The metal is dissolved at those points where the cur-
rent enters the electrolyte. A corrosion current can also arise 
due to the concentration cell (Figure 5.5.7.2.2). In this case, 
two electrodes made of the same metal immerse into differ-
ent electrolytes. The electrode in electrolyte II with the higher 
concentration of metal ions becomes electrically more positive 
than the other. 

This process is also referred to as polarisation. Connecting the 
two electrodes enables the current i to flow and the electrode 
which is electrochemically more negative dissolves.
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i

electrolyte I
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to ions

electrode IIelectrode I

electrolyte II

Figure 5.5.7.2.2 Concentration cell
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i

electrolyte

electrode II
Cu

electrode I
Fe

Figure 5.5.7.2.1 Galvanic cell: Iron / copper
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i

soil

electrode II
Fe

electrode I
Fe

concrete

Figure 5.5.7.2.3 Concentration cell: Iron in the soil / iron in concrete

i

i

electrode II
St

electrode I
St/tZn

soil concrete

Figure 5.5.7.2.4 Concentration cell: Galvanised steel in the soil / 
steel (black) in concrete

Table 5.5.7.2.1 Potential values and corrosion rates of common metal materials (according to Table 2 of the German VDE 0151 standard)

Designation Symbol Copper Lead Tin Iron Zinc

1
Free corrosion potential  
in the soil 1) [V]

UM-Cu/CuSO4 0 to –0.1 –0.5 to –0.6 –0.4 to –0.6 2) –0.5 to –0.8 3) –0.9 to –1.1 5)

2
Cathodic protection  
potential in the soil 1) [V]

UM-Cu/CuSO4 –0.2 –0.65 –0.65 2) –0.85 4) –1.2 5)

3
Electrochemical equivalent
[kg/(A · year)]

K =
m

I  t
10.4 33.9 19.4 9.1 10.7

4
Linear corrosion rate 
at J = 1 mA/dm2 [mm/year]

W
lin

=
s

t
0.12 0.3 0.27 0.12 0.15

1)  Measured against a saturated copper / copper sulphate electrode (Cu/CuSo4).
2) The potential of tin-coated copper depends on the thickness of the tin coating and, in case of common tin coatings up to some μm, is 

between the values of tin and copper in the soil.
3)  These values also apply to low-alloy steel. The potential of steel in concrete (reinforcing bar of foundations) heavily depends on external 

influences. Measured against a saturated copper / copper sulphate electrode, it is generally between –0.1 and –0.4 V. In case of a metal 
conducting connection with large-scale underground installations made of metal with more negative potentials, it is cathodically polarised 
and reaches values up to approximately –0.5 V.

4)  In anaerobic soils, the protection potential should be –0.95 V.
5)  Hot-dip galvanised steel with a zinc layer according to the above table has a closed external pure zinc layer. The potential of hot-dip galva-

nised steel in the soil is therefore almost equal to the value of zinc in the soil. If the zinc layer is removed, the potential gets more positive 
and can reach the value of steel in case it is completely removed. The potential of hot-dip galvanised steel in concrete has approximately 
the same initial values. In the course of time, the potential can get more positive. However, values more positive than approx. –0.75 V have 
not been found yet. Heavily hot-dip galvanised copper with a zinc layer of at least 70 μm also has a closed external pure zinc layer. The 
potential of hot-dip galvanised copper in the soil is therefore almost equal to the value of zinc in the soil. In case of a thinner zinc layer or 
removal of the zinc layer, the potential gets more positive. Limit values are still unsecure.
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the soil composition alone are too high. It is, however, possible 
to define potential shift areas for natural soils.

A polarisation below +20 mV is generally not hazardous. Po-
tential shifts exceeding +100 mV are definitely hazardous. Be-
tween 20 and 100 mV there will always be cases where the 
polarisation causes considerable corrosion effects.
To sum up: The presence of metal and electrolytic anodes and 
cathodes connected so as to be conductive is always a pre-
requisite for the formation of corrosion cells (galvanic cells).
Anodes and cathodes consist of:

 ¨ Materials
 – Different metals or different surface quality of a metal  

 (contact corrosion)
 – Different structural constituents (selective or intercrystal- 

 line corrosion)

 ¨ Electrolytes
 – Different concentration (e.g. salt content, ventilation)

In corrosion cells, the anodic areas always have a more nega-
tive metal / electrolyte potential than the cathodic areas.
The metal / electrolyte potentials are measured using a satu-
rated copper sulphate electrode mounted in the immediate vi-
cinity of the metal in or on the ground. If there is a conductive 
metal connection between the anode and cathode, the poten-
tial difference causes a direct current in the electrolyte which 
passes from the anode into the electrolyte by dissolving metal 
before entering the cathode again.

The “area rule” is often used to estimate the average anodic 
current density JA:

J
A
=

U
C

U
A

C

A
C

A
A

 in A/m2

JA  Average anodic current density

UA , UC Anode or cathode potentials in V

ϕC Polarisation resistivity of the cathode in Ωm2

AA , AC Anode or cathode surfaces in m2

The polarisation resistance is the quotient of the polarisation 
voltage and the total current of a mixed electrode (an elec-
trode where more than one electrode reaction takes place).
In practice, it is possible to determine the driving cell voltage 
UC – UA and the areas AC and AA as an approximation in order 
to estimate the corrosion rate, however, the values of ϕA (po-
larisation resistivity of the anode) and ϕC are not available with 
sufficient accuracy. They depend on the electrode materials, the 
electrolytes and the anodic and cathodic current densities.

Generally, it is found that the current i in the ground generates 
changes in the material. 
But a change to the material also means that the voltage of 
the individual metals changes with respect to the ground. This 
potential drift caused by the corrosion current i is called polari-
sation. The strength of the polarisation is directly proportional 
to the current density. Polarisation phenomena now occur at 
the negative and positive electrode. However, the current den-
sities at both electrodes are mostly different.

To illustrate this, the following example is considered:
A well-insulated steel gas pipe in the ground is connected to 
copper earth electrodes.
If the insulated pipe has only a few small defects, there is a 
high current density at these points resulting in quick corrosion 
of the steel. In contrast, the current density is low in case of a 
much larger area of the copper earth electrodes via which the 
current enters. Thus, the polarisation is greater in case of the 
more negative insulated steel pipe than in case of the posi-
tive copper earth electrodes. The potential of the steel pipe is 
shifted to more positive values. Thus, the potential difference 
between the electrodes also decreases. The magnitude of the 
corrosion current therefore also depends on the polarisation 
characteristics of the electrodes.
The strength of the polarisation can be estimated by measur-
ing the electrode potentials in case of a disconnected circuit 
which avoids the voltage drop in the electrolyte. Recording in-
struments are usually used for such measurements since there 
is frequently a rapid depolarisation immediately after the cor-
rosion current is interrupted.
If a high polarisation is now measured at the anode (the more 
negative electrode), i.e. if there is an obvious shift to more pos-
itive potentials, there is a high risk that the anode will corrode.
Let us now return to the corrosion cell steel (black) in con-
crete / steel, galvanised in sand (Figure 5.5.7.2.4). With respect 
to a distant copper sulphate electrode, it is possible to meas-
ure a potential of the interconnected cell between –200 mV  
and –800 mV depending on the ratio between the anode and 
cathode and the polarisability of the electrodes. 
If, for example, the area of the reinforced concrete foundation 
is very large compared to the surface of the galvanised steel 
wire, a high anodic current density occurs at the latter so that 
it is polarised to almost the potential of the reinforcing steel 
and destroyed in a relatively short time.
Consequently, a high positive polarisation always indicates an 
increased risk of corrosion. 
In practice, it is of course important to know the limit above 
which a positive potential shift denotes an imminent risk of 
corrosion. Unfortunately, it is not possible to give an exact 
value for this which applies in every case since the effects of 
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weeks, they are neutral to other (more precious and non-pre-
cious) materials. Stainless steels should consist of at least 16 % 
chromium, 5 % nickel and 2 % molybdenum. Extensive meas-
urements have shown that only high-alloy stainless steels with 
material No. AISI/ASTM 316 Ti / AISI/ASTM 316 L, for example, 
are sufficiently corrosion-resistant in the ground. Stainless 
steels without molybdenum are not suited for use as earth 
electrode material and are not permitted by the standard.

Other materials
Other materials can be used if they are particularly corrosion-
resistant in certain environments or are at least equivalent to 
the materials listed in Table 5.5.8.1.

5.5.7.4 Combination of earth electrodes made 
of different materials

The cell current density resulting from the conductive combi-
nation of two different buried metals leads to the corrosion of 
the metal acting as anode (Table 5.5.7.4.1). This cell current 
density basically depends on the ratio between the size of the 
cathodic area AC and the size of the anodic area AA .
The German “Corrosion behaviour of earth electrode mate-
rials” research project has found that, when selecting earth 
electrode materials particularly regarding the combination of 
different materials, a higher degree of corrosion only has to be 
expected in case of the following area ratio:

A
C

A
A

>100

Generally, it can be assumed that the material with the more 
positive potential will become the cathode. The anode of a cor-

Previous examination results allow the conclusion that ϕA is 
much smaller than ϕC .

The following applies for ϕC :
Steel in the ground  approx. 1 Ωm2

Copper in the ground approx. 5 Ωm2

Steel in concrete approx. 30 Ωm2

From the area rule, however, it can be clearly seen that high 
corrosion effects occur both on enclosed steel pipes and tanks 
with small defects connected to copper earth electrodes and 
earthing conductors made of galvanised steel connected to 
extended copper earth-termination systems or extremely large 
reinforced concrete foundations. 
The risk of corrosion for earth electrodes can be avoided or 
reduced by choosing suitable materials. To achieve a sufficient 
service life, the minimum material dimensions must be main-
tained (Table 5.5.8.1).

5.5.7.3 Selection of earth electrode materials
Commonly used earth electrode materials and their minimum 
dimensions are listed in Table 5.5.8.1.

Hot-dip galvanised steel
Hot-dip galvanised steel can also be embedded in concrete. 
Foundation earth electrodes, earthing and equipotential bond-
ing conductors made of galvanised steel in concrete may be 
connected with reinforcing bars.

Steel with copper sheath
In case of copper-sheathed steel, the comments for bare 
copper apply to the sheath material. Damage to the copper 
sheath, however, presents a high risk of corrosion for the steel 
core. Therefore, a completely closed copper layer must always 
be applied.

Bare copper
Bare copper is very resistant due to its position in the electro-
chemical series. Moreover, when connected to earth electrodes 
or other installations in the ground made of more “non-pre-
cious” materials (e.g. steel), bare copper additionally provides 
cathodic protection, however, at the expense of the more 
“non-precious” metals.

Stainless steel
Certain high-alloy stainless steels according to EN 10088-1 
are inert and corrosion-resistant in the ground. The free corro-
sion potential of high-alloy stainless steels in normally aerated 
soils is mostly close to the value of copper. Since the surface of 
stainless steel earth electrode materials passivate within a few 

Table 5.5.7.4.1 Material combinations of earth-termination systems 
for different area ratios (AC > 100 x AA)

 Material  
with a 

small area

Material with a large area
Galva-

nised steel
Steel

Steel in 
concrete

Copper

Galvanised 
steel

+
+

zinc removal
– –

Steel + + – –
Steel  

in concrete
+ + + +

Steel with 
copper 
sheath

+ + + +

Copper /  
StSt 

+ + + +

+ combinable  – not combinable
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This particularly also applies to short connecting cables in the 
immediate vicinity of the foundations or fixed earthing termi-
nals.

Installation of isolating spark gaps
As already explained, it is possible to interrupt the conductive 
connection between buried installations with very different 
potentials by integrating isolating spark gaps. It is then nor-
mally no longer possible that corrosion currents flow. In case 
of a surge, the isolating spark gap trips and interconnects the 
installations for the duration of the surge. However, isolating 
spark gaps must not be installed for protective and operational 
earth electrodes since these earth electrodes must always be 
connected to the installations.

rosion cell actually present can be recognised by the fact that 
it has the more negative potential when the conductive metal 
connection is opened. When combined with buried steel instal-
lations, the earth electrode materials bare copper, tin-plated 
copper and high-alloy stainless steel always behave as cath-
odes in (covering) soils.

Steel reinforcement of concrete foundations
The steel reinforcement of concrete foundations can have a 
very positive potential (similar to copper). Earth electrodes and 
earthing conductors directly connected to the reinforcement 
of large reinforced concrete foundations should therefore be 
made of stainless steel or copper.

Material Configuration
Minimum dimensions

Earth rod Ø  
[mm]

Earthing conductor  
[mm2]

Earth plate  
[mm]

Copper,
tin-plated copper

Stranded 50

Solid round 15 50

Solid tape 50

Pipe 20

Solid plate 500 x 500

Lattice plate c) 600 x 600

Hot-dip  
galvanised steel

Solid round 14 78

Pipe 25

Solid tape 90

Solid plate 500 x 500

Lattice plate c) 600 x 600

Profile d)

Bare steel b)

Stranded 70

Solid round 78

Solid tape 75

Copper-coated steel
Solid round 14 50

Solid tape 90

Stainless steel
Solid round 15 78

Solid tape 100
a)  Mechanical and electrical characteristics as well as corrosion resistance properties must meet the requirements of the IEC 62561 series.
b)  Must be embedded in concrete for a minimum depth of 50 mm.
c)  Lattice plates should be constructed with a minimum total conductor length of 4.8 m.
d)  Different profiles are permitted with a cross-section of 290 mm2 and a minimum thickness of 3 mm.
e)  In case of a type B foundation earth electrode, the earth electrode shall be correctly connected at least every 5 m with the reinforcing steel.
Note: According to the German DIN 18014 standard, the earth electrode must be connected to the reinforcement at intervals ≤ 2 m. 

Table 5.5.8.1 Material, configuration and minimum dimensions of earth electrodes a) e) according to Table 7 of IEC 62305-3 (EN 62305-3)
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trical installations in the structure requiring protection is not 
sufficient.
Metal installations such as water, air-conditioning and elec-
tric lines form induction loops in the building where impulse 
voltages are induced due to the quickly changing magnetic 
lightning field. It must be prevented that these impulse volt-
ages cause uncontrolled flashover which can also result in fire. 
Flashover on electric lines, for example, can cause enormous 
damage to the installation and the connected loads. Figure 
5.6.1 illustrates the principle of the separation distance.
In practice, it is often difficult to use the formula for calculating 
the separation distance:

s = k
i

k
c

k
m

l [m]

where

ki depends on the class of LPS selected (induction factor)

kc depends on the geometric arrangement (partitioning 
coefficient)

km depends on the material used in the point of proximity 
(material factor) and

5.5.7.5 Other anti-corrosion measures
Connecting cables / terminal lugs between founda-
tion earth electrodes and down conductors
Galvanised steel connecting cables between foundation earth 
electrodes and down conductors should be laid in concrete or 
masonry until they are above the surface of the earth.
If the connecting cables are led through the ground, terminal 
lugs with e.g. NYY cable, 1 x 16 mm2 Cu, stainless steel (V4A), 
or fixed earthing terminals must be used.
Earthing conductors installed in the masonry can also be led 
upwards without corrosion protection.

Earth entries made of galvanised steel
Earth entries made of galvanised steel must be protected 
against corrosion over a distance of at least 0.3 m above and 
below the surface of the earth.
Generally, bituminous coatings are not sufficient. A moisture-
proof sheath, e.g. butyl rubber strips, heat-shrinkable sleeves 
or preferably stainless steel, provides protection.

Buried connection points
Cut surfaces and connection points in the ground must be de-
signed so as to ensure that they have an equivalent corrosion 
resistance as the corrosion protection layer of the earth elec-
trode material. Connection points in the ground must therefore 
be equipped with a suitable coating, e.g. wrapped with an an-
ticorrosive tape.

Corrosive waste
When filling ditches and pits where earth electrodes are in-
stalled, pieces of slag and coal must not directly contact the 
earth electrode material. The same applies to construction 
waste.

5.5.8 Materials and minimum dimensions of 
earth electrodes

Table 5.5.8.1 illustrates the minimum cross-sections, configu-
ration and materials of earth electrodes.

5.6 Electrical isolation of the external 
lightning protection system –  
Separation distance

There is a risk of uncontrolled flashover between parts of the 
external lightning protection system and metal and electrical 
installations in the building if the distance between the air-
termination system or down conductor and metal and elec- Figure 5.6.1 Principle of the separation distance

MDB

MEB

S1

s2 s2

l2

l1 = l

s1

l
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According to Supplement 1 of the German DIN EN 62305-3 
standard, the factor km can be calculated for multi-layered 
brickwork. This factor km consists of the material thicknesses 
and the insulation properties of the materials (Figure 5.6.3). 
The following formula is used to calculate the factor km :

k
mtotal

=
(l

1
k

m1
+ l

2
k

m2
...+ lx k

mx
)

l
g

where

km total is the total material factor

l1, l2 … lx stands for the material thicknesses

lg is the total material thickness

km 1, 2 … kmx defines the insulation property of the relevant 
material

For a wall construction as shown in Figure 5.6.3, the material 
factor km total is calculated as follows:

k
mtotal

=
(0.35m 0.5+ 0.08m 1+ 0.12m 0.5)

0.55m

km total = 0.573

However, in case of multi-layered brickwork connection ele-
ments are commonly used between the different materials 

l [m] is the length along the air-termination system or down 
conductor from the point where the separation dis-
tance is to be determined to the next equipotential 
bonding or earthing point.

Coefficient ki
The coefficient ki (induction factor) of the relevant class of 
LPS stands for the risk posed by the current steepness. It de-
pends on the class of LPS and is specified in Table 10 of the  
IEC 62305-3 (EN 62305-3) standard (Table 5.6.1).

Material factor km
The material factor km takes into consideration the insulation 
properties of the surroundings. The electrical insulation proper-
ties of air are assumed to be a factor 1. All other solid materials 
used in the building industry (brickwork, wood, etc.) insulate 
only half as well as air. This must also be taken into account 
for a roof-mounted air-termination rod. As shown in Figure 
5.6.2, solid material (km = 0.5) is situated between the base of 
the air-termination rod and the roof-mounted structure and an 
air clearance (km = 1) is situated between the top edge of the 
roof-mounted structure and the air-termination rod.
Since no other material factors than km = 0.5 and 1 are speci-
fied in the standard, deviating values must be verified in tests 
or calculations. A factor 0.7 is specified for glass-fibre rein-
forced plastic (GRP) which is used in the DEHN products for 
isolated air-termination systems (DEHNiso spacer, DEHNiso 
Combi). This factor can be inserted in the calculation in the 
same way as the other material factors.

Table 5.6.1 Induction factor ki

Class of LPS ki

I 0.08

II 0.06

III and IV 0.04

s

km = 1

km = 0.5

Figure 5.6.2 Material factors for an air-termination rod on a flat roof

l1 = 0.35

concrete
km = 0.5

clinker
km = 0.5

air
km = 1

l3 = 0.12l2 = 0.08

lg = 0.55

Figure 5.6.3 km in case of different materials with air clearance

l1 = 0.35

concrete
km = 0.5

clinker
km = 0.5

wire
km = 0

wires between
concrete

and clinker

l3 = 0.12l2 = 0.08

lg = 0.55

Figure 5.6.4 km in case of different materials without air clearance
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reference point for determining the length l. High buildings make 
it more difficult to maintain the required separation distances.

Partitioning coefficient kc
The factor kc considers the current distribution in the down-
conductor system of the external lightning protection system. 
Different calculation formulas for kc are specified in the stand-
ard. To be able to achieve separation distances for high build-
ings which are feasible in practice, it is recommended to install 
ring conductors. This intermeshing balances the current flow, 
thus reducing the required separation distance.
The potential difference between the installations of the build-
ing and the down conductors is equal to zero near the surface 
of the earth and grows in relation with the height. This poten-
tial gradient area can be imagined as a cone standing on its tip 
(Figure 5.6.1). Thus, the separation distance to be maintained 
is greatest at the tip of the building or on the roof surface 
and becomes less towards the earth-termination system. This 
means that the distance from the down conductors may have 
to be calculated several times with a different length l.

The calculation of the partitioning coefficient kc often proves 
to be difficult due to the different structures.

Partitioning coefficient kc , single air-termination rod
If a single air-termination mast is installed, for example, next 
to the building, the total lightning current flows through this 
air-termination and down conductor. The factor kc is therefore 
equal to 1 and the lightning current cannot split here. There-
fore, it is often difficult to maintain the separation distance. In 
Figure 5.6.5, this can be achieved if the air-termination mast 
(e.g. telescopic lightning protection mast) is installed further 
away from the building.

Partitioning coefficient kc , simplified approach
To be able to easily and quickly assess kc , the value can be 
assumed depending on the number of down conductors as 
shown in Table 5.6.2. The simplified approach can only be 
used if the largest horizontal expansion of the structure (length 
or width) is not four times higher than the height.

The values of kc apply to type B earth electrodes. These values 
can also be used for type A earth electrodes if the earth resist-

α

s

I

protective angle

Figure 5.6.5 Air-termination mast with kc = 1 Table 5.6.2 Partitioning coefficient kc , simplified approach

Number of down conductors n kc

1 (only in case of an isolated lightning  
   protection system)

1

2 0.66

3 and more 0.44

(e.g. concrete, clinker, thermal insulation composite system) 
(Figure 5.6.4). Thus, it cannot be assumed that there is an air 
clearance between the two materials. The total material factor 
for this constellation is accordingly lower:

k
mtotal

=
(0.35m 0.5+ 0.08m 0+ 0.12m 0.5)

0.55m

km total = 0.427

In general, it is advisable to assume the worst case and to use 
a material factor km = 0.5.

Length l
The length l (Figure 5.6.4) is the actual length along the air-
termination system or down conductor from the point at which 
the separation distance is to be determined to the next light-
ning equipotential bonding level (zero potential level) or the 
earth-termination system.
Each building with a lightning equipotential bonding system 
has an equipotential surface of the foundation earth electrode 
or earth electrode near the surface of the earth. This surface is 
the reference plane for determining the length l.
If a lightning equipotential bonding level is to be created in 
case of high buildings, lightning equipotential bonding must 
be established for all electrical and electronic lines and all 
metal installations in case of a height of e.g. 20 m. In this case, 
type I surge protective devices must be used to establish 
lightning equipotential bonding at this height.
In case of high buildings, the equipotential surface of the foun-
dation earth electrode / earth electrode must also be used as a 
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k
c
=

9+12
2 9+12

= 0.7

Partitioning coefficient kc and separation distance s  
in case of a gable or flat roof with ≥ 4 down con-
ductors
The arrangement of the down conductors shown in Figure 
5.6.7 should no longer be used even on a single-family house. 
The partitioning coefficient kc is significantly improved by us-
ing two further down conductors, namely a total of four down 
conductors (Figure 5.6.8). The following formula is used for 
calculation:

k
c
=

1
2n

+ 0.1+ 0.2 
c
h

3

where

h is the length of the down conductor up to the gutter of 
the building as most unfavourable point for the injec-
tion of lightning currents

c is the distance between the down conductors 

n is the total number of down conductors

k
c
=

1
2 4

+ 0.1+ 0.2 
12
4

3

Result: kc ≈ 0.51

ances of the adjoining earth electrodes (earth rods) do not dif-
fer by more than a factor of 2. If, however, the earth resistances 
of individual earth electrodes differ more than a factor of 2,  
kc = 1 should be assumed. 

Partitioning coefficient kc , two air-termination rods /
interconnected down conductors
If two air-termination rods or masts are spanned, the lightning 
current can split between two current paths (Figure 5.6.6). 
However, the current is not split 50 % to 50 % due to the dif-
ferent lengths (impedances) since lightning does not always 
strike exactly the centre of the arrangement (same impedanc-
es), but can also strike any point along the air-termination sys-
tem. The following formula for calculating the factor kc takes 
this worst case into account:

k
c
=

h +c
2h +c

where

h is the length of the down conductor

c is the distance between the air-termination rods or air-
termination masts

A type B earth-termination system is assumed in this calcula-
tion. If single earth electrodes of type A are installed, they must 
be interconnected.

The following example shows the calculation of coefficient kc 
in case of a gable roof with two down conductors (Figure 
5.6.7). A type B earth-termination system (ring or foundation 
earth electrode) is installed:

h
c

Figure 5.6.6 Determination of kc in case of two masts with spanned 
cable and a type B earth electrode

h

c

Figure 5.6.7 Determination of kc in case of a gable roof with two 
down conductors
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The distances of the down conductors are based on the class of 
LPS (Table 6 of IEC 62305-3 (EN 62305-3)). A deviation of +/– 
20 % is acceptable. Thus, the distance c defines the largest dis-
tance between the symmetrically arranged down conductors.

Detailed approach for determining the separation 
distance s
In addition to the possibilities described above for determining 
the partitioning coefficient kc and the separation distance s,  
a more detailed calculation method can be used. In case of 
buildings with a meshed lightning protection system, the cur-
rent is split evenly due to the high number of current paths 
formed by conductors on the flat roof and down conductors. 
This has a positive effect on the separation distance. If a roof-
mounted structure as shown in Figure 5.6.10 is installed on 
a building, the detailed calculation method allows to calculate 

The equation is an approximation for spatial structures and for 
n ≥ 4. The values of h and c are assumed to be up to 20 m at a 
distance of 3 m. If internal down conductors are installed, they 
should be considered in the number n.
In case of flat-roofed structures, the partitioning coefficient kc 
is calculated as follows. A type B earth electrode arrangement 
is a precondition in this case (Figure 5.6.9):

k
c
=

1
2n

+ 0.1+ 0.2 
c
h

3

where

h is the distance or height between ring conductors

c is the distance between a down conductor and the 
next down conductor

n is the total number of down conductors

h

l

c

Figure 5.6.8 Gable roof with four down conductors

If the current is < 1/n, further calculations 
with  kcn = 1/n must be performed

The current is reduced by 50 % at any further junction

Even current distribution at the point of strike 

B

0.042 0.0625 0.125

1.0

0.5

0.250.12

0.25
factor kc1

down
conductor

air-termination 
conductor 
mesh size acc. 
to class of LPS

number 
of down 
conductors
n = 24
1/n = 0.042

0.5

0.25 0.25 0.25

A

Determination of the shortest current path from
the point of strike to the earth-termination system

s = ki (kc1 ⋅ l1 + kc2 ⋅ l2 + ... + kcn ⋅ ln)

Figure 5.6.10 Values of coefficient kc in case of a system consisting 
of several down conductors according Figure C.5 of 
IEC 62305-3 (EN 62305-3)

c

h

Figure 5.6.9 Values of coefficient kc in case of a meshed network 
of air-termination conductors and a type B earthing 
arrangement
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 ¨ kc = 1 from the point of proximity to the first node.

Between the first node and the next node, kc2 depends on the 
number of conductors:

 ¨ kc = 0.5 in case of two conductors

 ¨ kc = 0.33 in case of three conductors

 ¨ kc = 0.25 in case of four conductors

In every further node, the previous value of kc is halved. The 
minimum value of kc should not be less than “1/number of 
down conductors”.

Example: To illustrate this, the separation distance s is de-
scribed for a flat roof with a roof-mounted structure.
An air-conditioning system was installed on the roof of a build-
ing (Figures 5.6.11 and 5.6.12) with class of LPS II.

Data of the building:

 ¨ Class of LPS II

 ¨ Induction factor ki : 0.06

 ¨ Length: 60 m

 ¨ Width: 60 m

 ¨ Height: 7 m

 ¨ Number of down conductors: 24

 ¨ Minimum value of kc (1/number of down conductors)  
kcmin = 0.042

 ¨ Earth-termination system, type B foundation earth  
electrode: –1.0 m

The air-conditioning system is supposed to be located in the 
protected volume (LPZ 0B) thanks to two diagonally arranged 
air-termination rods. The separation distance is supposed to 

the separation distance s as exactly as possible. The following 
general calculation formula is used:

s =
k

i

k
m

k
c1

l
1
+ k

c2
l
2
+ ...+ k

cn
l
n( )

where

kc1 , kcn is the partitioning coefficient according to the num-
ber of current paths

l1 , ln is the conductor length up to the next node

The values of kc depend on the number of current paths. Con-
sequently, the following applies:

air-termination rod

roof-mounted structure

kc4 = 0.125
l4 = 10 m

kc3 = 0.25
l3 = 4 m

kc2 = 0.5
l2 = 8 m

l = 10 m

kc6 = 0.042
l6 = 8 m

kc5 = 0.063
l5 = 10 m

Figure 5.6.11 Current distribution in case of several conductors

kc2 = 0.5
l2 = 8 m

air-con-
ditioning
system

s

Figure 5.6.12 Example: Roof-mounted structure; system with several down conductors
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potential level is equal to the height of the building. No sepa-
ration distances must be maintained.

In general, the requirements of the IEC 62305-3 (EN 62305-3)  
standard must be observed. The DEHN Distance Tool of the 
DEHNsupport software allows to easily calculate the separa-
tion distance based on nodal analysis as described in 3.3.2.1.

5.7 Step and touch voltage
IEC 62305-3 (EN 62305-3) points out that, in special cases, 
touch or step voltage outside a building in the vicinity of the 
down conductors can present a life hazard even though the 
lightning protection system was designed according to the lat-
est standards. 
Special cases are, for example, the entrance areas or covered 
areas of highly frequented structures such as theatres, cin-
emas, shopping centres or nursery schools where bare down 
conductors and earth electrodes are present in the immediate 
vicinity. 
Measures against impermissibly high step and touch voltages 
may also be required for structures which are particularly ex-
posed (prone to lightning strikes) and freely accessible to the 
general public. 
These measures (e.g. potential control) are primarily taken for 
churches, observation towers, shelters, floodlight pylons in 
sports grounds and bridges. 
The number of people can vary from place to place (e.g. in the 
entrance area of shopping centres or in the staircase of obser-
vation towers). Therefore, measures to reduce step and touch 
voltage are only required in areas which are particularly at risk. 

Possible measures are potential control, standing surface insu-
lation or additional measures which will be described below. 
The individual measures can also be combined with each other. 

Definition of touch voltage 
Touch voltage is a voltage acting on a person between its 
standing surface on earth and when touching the down con-
ductor. The current path leads from the hand via the body to 
the feet (Figure 5.7.1). 

For structures with a steel frame or reinforced concrete con-
struction, there is no risk of impermissibly high touch voltages 
provided that the reinforcement is safely interconnected or the 
down conductors are laid in concrete. 
Moreover, the touch voltage can be disregarded in case of 
metal façades if they are integrated in the equipotential bond-
ing system and / or used as natural components of the down 
conductor. 

be determined at the base of the air-termination rod. Current 
paths with different conductor lengths are formed due to the 
finely meshed conductor routing on the roof surface. Moreover, 
the lightning current is split as follows according to the nodes:

 ¨ 1. Base of the air-termination rod (two conductors)

 kc1 = 0.5 with a conductor length l1 of 8.0 m

 ¨ 2. Node 1 (two conductors)

 kc2 = 0.25 with a conductor length l2 of 4.0 m

 ¨ 3. Node 2 (two conductors)

 kc3 = 0.125 with a conductor length l3 of 10.0 m

 ¨ 4. Node 3 (three conductors)

 kc4 = 0.063 with a conductor length l4 of 10.0 m

 ¨ 5. Node 4 (three conductors)

 kc5 = 0.042 with a conductor length l5 of 8.0 m

The separation distance is calculated as follows:

s =
k

i
(k

c1
l
1
+ k

c2
l
2
+ ...+ k

cn
l
n
)

k
m

s =
0.06(0.5 8m + 0.25 4m + 0.125 10m + 0.063 10m + 0.042 8m)

0.5

s = 0.87 in case of solid material

A separation distance of 0.87 m (solid material) must be main-
tained at the base of the air-conditioning system.

Determination of the zero potential level
To calculate the separation distance, it is important to deter-
mine the zero potential level. The zero potential level of build-
ings is located at the same height as the foundation or ring 
earth electrode. Thus, the definition of the zero potential level 
is decisive for the separation distance s.

Buildings with a wall and ceiling reinforcement, which is inter-
connected in such a way that it is capable of carrying lightning 
currents, can be used as a down-conductor system. Thus, no 
separation distances must be maintained due to the constant 
potential. However, the roof surfaces are typically covered with 
insulations and roof membranes on which meshed air-termina-
tion systems are installed. These meshed air-termination sys-
tems are connected to the reinforcement in the vicinity of the 
roof parapet. In case of a lightning strike, separation distances 
must be maintained from the meshes and the conductors. 
Therefore, it is recommended to install insulated conductors 
which allow to maintain the separation distances. 
In case of buildings with an interconnected steel frame con-
struction and a metal roof, it can be assumed that the zero 
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Definition of step voltage
Step voltage is a part of the earth potential which can be 
bridged by a person taking a step of 1 m. The current path runs 
via the human body from one foot to the other (Figure 5.7.1). 
The step voltage depends on the shape of the potential gradi-
ent area. As shown in the figure, the step voltage decreases as 
the distance from the building increases. The risk to persons is 
therefore reduced the further they are from the structure.

The following measures can be taken to reduce step voltage:

 ¨ Persons can be prevented from accessing the areas which 
are at risk (e.g. by barriers or fences)

 ¨ Reducing the mesh size of the earthing network – Potential 
control

 ¨ The contact resistance of the floor layer within an interval 
of 3 m around the down conductors is not less than 100 kΩ 
(IEC 62305-3 (EN 62305-3), chapter 8.2). 

If a large number of persons frequently stays in an area which 
is at risk near the structure requiring protection, potential con-
trol should be provided to protect them. 

Potential control is sufficient if the resistance gradient on the 
surface of the earth in the area requiring protection does not 
exceed 1 Ω/m. 
To achieve this, an existing foundation earth electrode should 
be supplemented by a ring earth electrode installed at a dis-
tance of 1 m and at a depth of 0.5 m. If the structure already 
has an earth-termination system in form of a ring earth elec-
trode, this is already “the first ring” of the potential control.
Additional ring earth electrodes should be installed at a dis-
tance of 3 m from the first and the subsequent ring earth 
electrodes. The depth of the ring earth electrode should be 
increased (in steps of 0.5 m) the further it is from the building 
(see Table 5.7.1).

If potential control is implemented for a structure, it must be 
installed as follows (Figures 5.7.2 and 5.7.3):

 ¨ The down conductors must be connected to all the rings of 
the potential control. 

 ¨ However, the individual rings must be connected at least 
twice (Figure 5.7.4). 

If reinforced concrete with a safe connection between the 
reinforcement and the foundation earth electrode is installed 
under the surface of the earth in the areas outside the struc-
ture which are at risk, this measure already improves the curve 
of the potential gradient area and acts as potential control. 
Therefore, step voltage can be neglected.
The following measures reduce the risk that persons are in-
jured or even killed when touching the down conductor:

 ¨ The down conductor is covered with insulating material (at 
least 3 mm cross-linked polyethylene with an impulse with-
stand voltage of 100 kV (1.2/50 μs)).

 ¨ The position of the down conductors can be changed so 
that they are not located e.g. in the entrance area of the 
structure.

 ¨ The probability of persons accumulating can be reduced by 
notes or prohibition signs. Barriers are also a possibility.

 ¨ The contact resistance of the floor layer within a radius 
of 3 m around the down conductors is not less than  
100 kΩ. 

 Note: A 5 cm thick layer of insulating material, for example 
asphalt (or a 15 cm thick gravel layer), typically reduces 
the risk to an acceptable level (IEC 62305-3 (EN 62305-3), 
chapter 8.1).

 ¨ Compression of the meshed network of the earth-termina-
tion system by means of potential control.

Note: A downpipe, even if it is not defined as a down conduc-
tor, can present a risk for persons touching it. In this a case, 
the metal pipe must be replaced by a PVC pipe (height of 3 m).

1 m

ϕFE

U
S

FE

ϕ

U
E

U
t

UE Earth potential
Ut Touch voltage
US Step voltage
ϕ Earth surface potential
FE Foundation earth electrode

reference earth

Figure 5.7.1 Step and touch voltage Table 5.7.1 Ring distances and potential control depths

Distance from the building Depth

First ring  1 m 0.5 m

Second ring  4 m 1.0 m

Third ring  7 m 1.5 m

Fourth ring  10 m 2.0 m
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Figure 5.7.2 Potential control – Basic principle and curve of the potential gradient area
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Figure 5.7.5 Connection control at the ring / 
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(e.g. shelters), measures against impermissibly high touch 
voltages may also be required. In addition, the risk to per-
sons is included in a risk analysis for a structure according to  
IEC 62305-2 (EN 62305-2) in the form of the parameter L1 
(injury or death of persons).

The following measures reduce the risk of touch voltage:

 ¨ The down conductor is covered with insulating material (at 
least 3 mm cross-linked polyethylene with an impulse with-
stand voltage of 100 kV (1.2/50 µs)).

 ¨ The position of the down conductors is changed (e.g. no 
down conductors in the entrance area of the structure).

 ¨ The resistivity of the surface layer of the earth within up 
to 3 m around the down conductor is at least 100 kΩ  
(IEC 62305-3 (EN 62305-3)).

 ¨ The probability of persons accumulating can be reduced by 
notes or prohibition signs. Barriers are also a possibility.

Protection measures against touch voltage are not always 
sufficient to ensure effective personal protection. For exam-
ple, it is not sufficient to cover an exposed down conductor 
with a high-voltage-resistant insulation if protection measures 
against creeping flashover at the surface of the insulation are 
not taken at the same time. This is particularly important if 
environmental influences such as rain (moisture) must be con-
sidered.
As is the case with bare down conductors, a high voltage builds 
up in the event of a lightning strike if insulated down conduc-
tors are used. However, the insulation protects persons from 
this voltage. Since it can be assumed that the human body is 
extremely conductive compared to the insulating material, the 
insulation layer is loaded with almost the total touch voltage. 
If the insulation does not withstand this voltage, a part of the 
lightning current can travel through the human body to earth 
as is the case with bare down conductors. To ensure that per-
sons are reliably protected against touch voltage, it is therefore 

If ring earth electrodes (control earth electrodes) cannot be 
installed as a circle, their ends must be connected to the other 
ends of the ring earth electrodes. There should be at least two 
connections within the individual rings (Figure 5.7.5).

When choosing the materials for the ring earth electrodes, pos-
sible corrosion must be observed (chapter 5.5.7).

Stainless steel (V4A), e.g. material No. AISI/ASTM 316 Ti, has 
proven to be a good choice when the cell formation between 
the foundation and ring earth electrode is taken into account. 
Ring earth electrodes can be designed as round wires  
(Ø 10 mm) or flat strips (30 mm x 3.5 mm).

5.7.1 Coping with touch voltage at the down 
conductors of a lightning protection 
system

The area at risk of touch and step voltages for persons outside 
a building is located within a distance of 3 m around the build-
ing and at a height of 3 m. The height of this area is equal to 
the height of the maximum reachable height of a person rais-
ing a hand and an additional separation distance s (Figure 
5.7.1.1).

Special requirements apply to protection measures in e.g. 
entrance areas or covered areas of highly frequented struc-
tures such as theatres, cinemas, shopping centres and nursery 
schools for which no insulated down conductors and lightning 
protection earth electrodes are in close proximity.
In case of extremely exposed structures (structures prone to 
lightning strikes) which are accessible to the general public 

s

2.50 m

Figure 5.7.1.1 Area to be protected for a person

copper conductor

PEX insulation

PE sheath

Figure 5.7.1.2 Design of a CUI Conductor
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creeping flashover along the surface of the insulation. Impulse 
withstand voltage tests under wet conditions according to  
IEC 60060-1 (EN 60060-1) have shown that the CUI Conductor 
is both resistant to puncture and creeping flashover in case of 
impulse voltages up to 100 kV (1.2/50 µs). During these wet 
tests, a defined quantity of water with a specific conductivity is 
sprayed onto the conductor at an angle of about 45 ° (Figure 
5.7.1.3).

CUI Conductors are prewired with an element which can be 
connected to the down conductor (test joint) and can be short-
ened on site where appropriate to connect the CUI Conductor 
to the earth-termination system. The product is available with 
a length of 3.5 m and 5 m and the required plastic or metal 
conductor holders (Figure 5.7.1.4).
The special CUI Conductor copes with touch voltages at down 
conductors through simple measures and is easy to install, thus 
considerably reducing the risk to persons in areas which are 
particularly at risk.

Inductive coupling in case of an extremely high 
current steepness
The effects of the magnetic field of the arrangement on the 
immediate vicinity of the down conductor must also be con-
sidered to protect persons from touch voltage. In large instal-
lation loops, for example, voltages of several 100 kV can occur 
in close proximity to the down conductor, resulting in serious 
economic consequences. In conjunction with the down con-
ductor and the conductive soil, the human body, which con-
ducts electricity, also forms a loop with a mutual induction M 
in which high voltages Ui can be induced (Figures 5.7.1.5a 
and 5.7.1.5b). The combination of the down conductor and 
the human body acts like a transformer.
This induced voltage is applied to the insulation since the hu-
man body and the soil can be assumed to be conductive. If the 
voltage load becomes too high, puncture or flashover occurs on 
the insulation. The induced voltage pushes a current through 
this loop whose magnitude depends on the resistances and 
the self-inductance of the loop and can be life-threatening for 
the relevant person. Therefore, the insulation must withstand 
this voltage load.

mandatory to prevent puncture of the insulation and creeping 
flashover along the insulating clearance.
A harmonised system solution such as the CUI Conductor pre-
vents puncture and creeping flashover and thus ensures pro-
tection against touch voltage.

Design of CUI Conductors
CUI Conductors consist of an inner copper conductor with a 
cross-section of 50 mm2 and is coated with an insulation layer 
of impulse-voltage-proof cross-linked polyethylene (PEX) with 
a thickness of about 6 mm (Figure 5.7.1.2).

To protect the insulated conductor from external influences, it 
is additionally covered with a thin polyethylene (PE) layer. The 
insulated down conductor is installed in the entire area which 
is at risk, in other words 3 m of the CUI Conductor are verti-
cally installed above the surface of the earth. The upper end 
of the conductor is connected to the down conductor coming 
from the air-termination system, the lower end to the earth-
termination system.
In addition to the puncture strength of the insulation, the risk 
of creeping flashover between the connection point to the 
bare down conductor and the hand of the person touching it 
must also be considered. Pollution layers such as rain make 
this problem of creeping discharge even worse. It could be 
proven in tests that under wet conditions flashover can occur 
on an insulated down conductor along a distance of more than 
1 m if no additional measures are taken. If the insulated down 
conductor is provided with an adequate shield, a sufficient-
ly dry area is created on the CUI Conductor which prevents 

Figure 5.7.1.3 Withstand voltage test under wet conditions

connection
element

conductor holder

shield

Figure 5.7.1.4 CUI Conductor
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step / body voltage can be included in the simulation. However, 
simulations with unloaded step voltages lead to excessive and 
supposedly unacceptable voltage values.

To be able to assess the simulation results, a step voltage value 
is available, which is secured by extensive literature research.
A prerequisite for the optimisation of earth-termination sys-
tems with regard to step voltage aspects is to define a permis-
sible step / body voltage which does not cause health damage.

Step voltage limit values
Literature provides information on technical a.c. voltages as 
well as hand-to-hand and hand-to-foot current paths. Step 
voltage control in case of short-term impulses and a foot-to-
foot current path are not considered. Based on the time pa-
rameters of a first stroke of a 10/350 µs impulse form, pos-
sible limit values can be derived from IEC/TS 60479-1: “Effects 
of current on human beings and livestock – Part 1: General 
aspects” and IEC/TS 60479-2: “Effects of current on human 
beings and livestock – Part 2: Special aspects”, volume 44 of 
the German VDE series “Neuhaus, H.: Blitzschutzanlagen – Er-
läuterungen zur DIN 57185/VDE 0185” [Lightning protection 
systems – Explanations on DIN 57185/VDE 0185] and the so-
called “electrocution equation” from C. F. Dalziel and W. R. Lee 
“Reevaluation of Lethal Electric Currents. IEEE Transactions on 
Industry Applications”. To affirm this information and to make 
it comprehensible, the flow fields in the human body in case 
of a step voltage were simulated on a PC by means of an FEM 
software and the so-called Hugo model. This Hugo model is a 
3D simulation of the human body including all organs with a 
spatial resolution of max. 1 mm x 1 mm x 1 mm and is based 

The normative requirement of 100 kV at 1.2/50 µs includes 
the high, but extremely short voltage impulses which are only 
present during the current rise (0.25 µs in case of a negative 
subsequent stroke). The loop and thus the mutual inductance 
increase in relation with the burial depth of the insulated 
down conductors. Consequently, the induced voltage and the 
load on the insulation are increased accordingly. This must be 
observed when considering inductive coupling.

5.7.2 Optimisation of lightning protection 
earthing considering step voltage  
aspects

The arrangements of ring earth electrodes as described in 5.7.1 
are not always feasible since they involve substantial struc-
tural and financial effort and for space reasons cannot always 
be implemented in, for example, densely built-up residential 
areas. In the following, the optimisation possibilities using to-
day’s modern simulation tools and their use for real arrange-
ments will be described.
Due to fundamental research and a comprehensive analy-
sis of literature, a tool is now available, which allows a 3D 
simulation of widespread earth-termination systems and also 
considers the effect of soil ionisation. This is a considerable 
improvement compared to the previous simplified analytic ap-
proaches. Moreover, the reaction of the human body to the 
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Figure 5.7.1.5 a) Loop formed by a down conductor and a person  
b) Mutual inductance M and induced voltage Ui

969
1000

906
844
781
719
656
594
531
469
406
344
281
219
156

93.8
31.3

0
1 m

V

Figure 5.7.2.1 HUGO model with feet in step position acting as 
contact points (source: TU Darmstadt)
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Calculations are performed in the stationary flow field. The 
lightning current amplitude is assumed to be 100 kA.
The soil was simulated by means of two different models:

 ¨ Model 1: The electrical properties of the soil are independ-
ent from other electrical parameters (“linear“). Unless 
specified otherwise, an electrical conductivity of 0.001 S/m 
is selected which corresponds to a resistivity of 1000 Ωm. 
This represents a soil with a relatively poor electrical con-
ductivity.

 ¨ Model 2: Soil that changes its electrical conductivity de-
pending on the electric field strength (“non-linear“). This 
model was selected to simulate the effect of soil ionisa-
tion. To achieve this, a conductivity characteristic is defined 
which has an electrical conductivity of 0.001 S/m for an 
electric field strength of less than 300 kV/m and an electri-
cal conductivity of 0.01 S/m for an electric field strength of 
more than 500 kV/m and approximately linearly increases 
between these values. 

To be able to compare different earth-termination systems, a 
reference model was defined: 

 ¨ Small building with a floor space of 10 m × 10 m and a 
basement depth of 2 m

 ¨ This building is assumed to be ideally insulating

To perform the simulation, the lightning current is injected into 
a terminal lug of the earth-termination system. From there it 
spreads through the earth-termination system and the soil to 
the ground area. The arising electric potential is determined at 
the soil surface and the value of the step voltage |US| is calcu-
lated for a step width dstep = 1 m. This is done along a straight 
line on the soil surface ranging from the one of the house walls 
to the edge of the calculation area. The location r is equal to 
the distance from the house wall (Figure 5.7.2.2).

Simulations at the reference model
Simulations are performed at the reference model with an in-
creasing number of ring earth electrodes that are installed in 
line with common practice at a distance of 1 m, 4 m, 7 m and 
10 m from the house walls and at a depth of 0.5 m, 1 m, 1.5 m 
and 2 m (Figure 5.7.2.3).

When comparing the results, several aspects are particularly 
striking: It can be seen that the step voltages are considerably 
reduced compared to a linear soil if soil ionisation is consid-
ered. While a maximum step voltage of approximately 325 kV 
can be observed on an individual ring earth electrode when 
considering soil ionisation, a voltage of approximately 750 kV 
occurs on a single earth electrode in case of linear soil. Howev-
er, the more rings are used, the smaller is the difference. In case 
of two ring earth electrodes, for example, only approximately 
220 kV respectively 225 kV occur. 

on the “Visible Human Project” of the National Library of 
Medicine in Bethesda / USA. It can also be used to simulate 
electrical fields in the human body.

Simulation of step voltages
A step voltage of 1 kV is applied to the Hugo model with feet 
in step position (step size of 1 m) (Figure 5.7.2.1). In case of 
this arrangement, the maximum current density in the heart is 
about 1.2 A/m2 and the total current flowing through the heart 
is 7.5 kA. In case of a 10/350 µs impulse, the maximum heart 
current must not exceed 200 mA. This results in a maximum 
value of the step / body voltage of 26.6 kV. These calculated 
limit values of the step / body voltage are summarised in Table 
5.7.2.1 according different sources. 
After evaluating all theoretical considerations and the relevant 
backgrounds of the limit values, the IEC limit value of 25 kV 
was used for the simulations. Different configurations were 
simulated to be able to test and vary earth-termination sys-
tems at low costs.

Reference model
To minimise the influence of side effects, the calculation for all 
earth-termination systems is performed in a hemisphere with a 
radius of 100 m. The surface of the sphere is defined as ground 
(zero potential). The slice plane of the sphere is equivalent to 
the surface of the earth if it is defined as electrical insulation. 

Table 5.7.2.1 Step / body voltage limit values according to different 
sources

Source Uk

IEC 60479-1 and IEC 60479-2 25 kV

Neuhaus 15 kV

Dalziel 32 kV

Electric shock simulation (HUGO) 26.6 kV

house
wall

|US|

dstepr

Φ(r)

Figure 5.7.2.2 Reference system for information on the step voltage
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Reaction of the human body
Since in some cases the arising step voltages are considerably 
higher than the assumed limit value, the question arises as to 
whether the current state of the art and common practice pro-
vide adequate protection from excessive step voltages. Bear-
ing in mind that, in particular in case of a poorly conducting 
soil, the human body represents a significantly lower electric 
resistance than the soil, the human body reacts to the arising 
step voltage. This is comparable to the load on a voltage source 
with an extremely high internal resistance (Figure 5.7.2.4).

In “Blitzschutzanlagen – Erläuterungen zur DIN 57185 / 
VDE 0185” [Lightning protection systems – More detailed in-
formation on DIN 57185 / VDE 0185], H. Neuhaus introduces 
a similar concept in the form of earth resistances of the feet, 
which present some kind of contact resistance between the 

As expected, the relevant step voltages are considerably 
reduced if further rings are added. However, it must be ob-
served that the step voltages are particularly reduced within 
the earth-termination system. Step voltages typically rise at 
the edge of the earth-termination system where the flow field 
controlled by the ring earth electrodes enters the uncontrolled 
electrical fields in the soil. 
In this context, it is also remarkable that the step voltages aris-
ing outside the earth-termination system have a similar char-
acteristic curve and are virtually independent of the number 
of rings installed in the earth-termination system. This can be 
clearly seen in Figure 5.7.2.3 for r > 11 m. It is equally re-
markable that, even in case of a very complex arrangement of 
four rings and under consideration of soil ionisation, the step 
voltages determined still significantly exceed the limit value 
of 25 kV.
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Figure 5.7.2.3 Comparison of the step voltages in the reference model when using several ring earth electrodes: Soil ionisation is not  
considered (left), soil ionisation is considered (right)

r in m

0
0

50

100

150

200

250

300

350

2 4 6 8 10 12 14 16

US in kV

18 20

1 ring
2 rings
3 rings
4 rings
Limit value

RE‘

IK

½ RK ½ RK

RK << RE

RE‘ RE‘

soil surface

Itot
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rings and the step voltage resulting from the reaction of the ob-
ject to this step voltage is calculated (Figure 5.7.2.5).
Figure 5.7.2.6 shows the arising step voltages US,with with re-
action of the human body, the step voltages US,without without 
reaction of the human body as well as the quotient obtained 
from both values for soil models without ionising effect and an 
electrical conductivity of σ = 0.001 S/m. 
Table 5.7.2.2 compares the results of further simulations 
with the factors analytically assessed by Neuhaus.
Figure 5.7.2.6 shows that the factor US,without / US,with is ap-
proximately constant over the entire calculation period at a 
given soil conductivity. If the soil conductivity varies, the fac-
tor US,without / US,with also changes (Table 5.7.2.2). The factors 
determined in the simulation are in good agreement with the 
factors analytically assessed by Neuhaus. For these reasons, 
the factors described before can be used to directly convert the 
simulation results of step voltages into the arising step / body 
voltages without performing time-consuming individual simu-
lations with a replacement body for each earth electrode 
configuration to be simulated. Figure 5.7.2.7 shows the 

Figure 5.7.2.6 Reaction of a human body to the arising step voltage
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Table 5.7.2.2 Simulation results with and without consideration of 
the reaction of the human body to the step voltage

ρ in Ωm σ in S/m
US, without / 

US, with

Factor acc. 
to Neuhaus

100 0.01 1.64 1.66

200 0.005 2.3 2.3

500 0,002 4.1 4.3

1000 0.001 7.2 7.6
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Figure 5.7.2.7 Comparison of step voltages in the reference model of several ring earth electrodes considering the correction factor for the  
reaction of a human body: Soil ionisation is not considered (left), soil ionisation is considered (right)
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soil and the feet. However, these resistances are not to be 
mistaken for other resistances such as shoe soles. According 
to Neuhaus, these earth resistances act in series with the in-
ternal resistance of the human body, form a voltage divider 
and reduce the step / body voltage actually applied to a person 
compared to the pure step voltage on the soil.
To be able to verify this reaction also in the simulation, a highly 
simplified object in the form of an arc was developed, the two 
bases of which correspond to the area of a foot assumed by 
Neuhaus (D = 0.15 m). The electrical conductivity is selected so 
that the resistance of the arc is 1 kΩ. Extensive research has 
shown that this value is the most critical case to be assumed 
with regard to the resulting electric shock. The arc is positioned 
on the soil surface above an earth-termination system with four 
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riod of 16 hours. After that, the humid sulphurous atmosphere 
is replaced.
Both components for outdoor use and components buried in 
the ground must be subjected to ageing / conditioning. How-
ever, additional requirements and measures must be con-
sidered for components buried in the ground. In general, no 
aluminium clamps or conductors should be installed in the 
ground. If stainless steel clamps or conductors are installed 
in the ground, only high-alloy stainless steel may be used, 
e.g. StSt (V4A). In accordance with the German DIN VDE 0151 
standard, StSt (V2A) is not permissible. Components for indoor 
use such as equipotential bonding bars do not have to be 
subjected to ageing / conditioning. The same applies to compo-
nents which are embedded in concrete. These components are 
therefore often made of non-galvanised (black) steel.

converted step voltage values for different earth electrode 
configurations. This shows that in case of an earth-termination 
system with three or four ring earth electrodes, the permissible 
step voltages inside and outside the system are complied with.
It can be seen that common earth electrode configurations 
do not exceed the permissible step voltages based on the as-
sumptions described before. In general, it should be observed 
that significantly higher step voltages occur at the edge of 
every earth-termination system than within the earth elec-
trode region.
Further examinations are supposed to show up possibilities 
to optimise the design and installation of earth-termination 
systems. Moreover, it must be clarified whether stationary cal-
culations correctly reflect the actual conditions and which ad-
ditional effects occur in case of transient calculations.

5.8 Manufacturer’s test of lightning 
protection components

Prior to a manufacturer’s test, metal lightning protection com-
ponents such as clamps, conductors, air-termination rods or 
earth electrodes, which are exposed to all weather conditions, 
must be subjected to artificial ageing / conditioning to prove 
their suitability for this field of application.

Natural weathering and corrosion
According to IEC 60068-2-52 (EN 60068-2-52) and ISO 6988 
(EN ISO 6988), artificial ageing and testing of metal compo-
nents is done in two steps.

Step 1: Salt mist treatment
This test is used for components or devices which are designed 
to withstand a saline atmosphere. The test equipment (Figure 
5.8.1) consists of a salt mist chamber where the specimens 
are tested for more than three days using severity 2. Severity 2 
includes three spraying periods of 2 hours each with a 5 % so-
dium chloride solution (NaCl) at a temperature between 15 °C 
and 35 °C followed by a storage period under humid condi-
tions between 20 and 22 hours at a relative humidity of 93 % 
and a temperature of 40 °C.

Step 2: Humid sulphurous atmosphere treatment
This test is a method to assess the resistance of materials or 
objects to condensed humidity containing sulphur dioxide. 
The test equipment (Figure 5.8.2) consists of a test chamber 
where the specimens are treated in seven test cycles.
Each cycle, which has a duration of 24 hours, consists of a 
heating period of 8 hours at a temperature of 40 ± 3 °C in a 
humid saturated atmosphere which is followed by a rest pe-

Figure 5.8.1 Test in a salt mist chamber

Figure 5.8.2 Test in a Kesternich chamber
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tors (down conductors, air-termination conductors, earth en-
tries) with one another or to an installation. Depending on 
the type of clamp and clamp material, many different clamp 
combinations are possible. These depend on the type of con-
ductor routing and the relevant material combinations. Type 
of conductor routing means whether the clamp connects the 
conductor or conductors in a cross or parallel arrangement. 
A lightning current load causes electrodynamic and thermal 
forces which act on the clamp and must be withstood by the 
clamp. The resulting forces are heavily dependant on the type 
of conductor routing and the clamp connection. Table 5.8.1 
shows materials which can be combined without causing con-
tact corrosion. The combination of different materials with one 
another and their different mechanical strengths and thermal 
properties have different effects on the connection compo-
nents when lightning current flows through them. This par-
ticularly becomes evident in case of connection components 
made of stainless steel (V4A) where high temperatures occur 
due to the low conductivity as soon as lightning currents flow 
through them. Therefore, a lightning current test in compliance  

Air-termination systems and rods
Air-termination rods with a length of 1 m (e.g. installed in a 
concrete base in case of flat-roofed buildings) up to 25 m (e.g. 
in case of biogas plants) are typically used as air-termination 
system.
IEC 62561-2 (EN 62561-2) specifies the material combinations 
of air-termination systems and down conductors with one an-
other and with structural parts, minimum cross-sections and 
permissible materials including their electrical and mechanical 
properties. In case of air-termination rods with larger heights, 
the bending resistance of the air-termination rod and the sta-
bility of complete systems (air-termination rod in a tripod) must 
be verified in a static calculation. The required cross-sections 
and materials are then selected based on this calculation. The 
requirements / parameters of the relevant wind zone form the 
basis for this calculation.

Testing of connection components
Connection components, often simply referred to as clamps, 
are used for lightning protection systems to connect conduc-

Table 5.8.1 Possible material combinations of air-termination systems and down conductors with one another and with structural parts

Steel Aluminium Copper StSt (V4A) Titanium Tin

Steel (StZn) yes yes no yes yes yes

Aluminium yes yes no yes yes yes

Copper no no yes yes no yes

StSt (V4A) yes yes yes yes yes yes

Titanium yes yes no yes yes yes

Tin yes yes yes yes yes yes

Figure 5.8.3 New and artificially aged components
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with IEC 62561-1 (EN 62561-1) must be carried out for all  
clamps. 
The test procedure is described below based on the exam-
ple of a MV clamp. At first, it must be determined how many 
combinations are to be tested. The MV clamp used is made of 
stainless steel (V4A) and hence can be combined with steel, 
aluminium, stainless steel (V4A) and copper conductors. More-
over, it can be connected in cross and parallel arrangement 
which also has to be tested. This means that there are eight 
possible test combinations for the MV clamp used (Figures 
5.8.3 and 5.8.4). 
In accordance with IEC 62561-1 (EN 62561-1), each of these 
test combinations must be tested with three suitable speci-
mens / test set-ups. This means that 24 specimens of this single 
MV clamp must be tested to cover the complete range. Every 
single specimen is mounted with the adequate tightening 
torque in compliance with normative requirements and is sub-
jected to artificial ageing consisting of a salt mist and humid 
sulphurous atmosphere treatment as described above. For the 
subsequent electrical test, the specimens are fixed on an insu-
lated plate (Figure 5.8.5). 

Each specimen is subjected to three 50 kA (normal duty) and 
100 kA (heavy duty) lightning current impulses of 10/350 µs 
wave form. After this lightning current load, the specimens 
must not show signs of damage. The contact resistance 
(measured above the clamp) must not exceed 1 mΩ in case 
of aluminium, copper or steel clamps and 2.5 mΩ in case of 
stainless steel clamps. Moreover, the required loosening torque 
must still be ensured. A manufacturer’s test report is prepared 
for every test combination which is available on request from 
the manufacturer or a less detailed report can be down-
loaded from the internet (e.g. www.dehn-international.com  
¨ Product data). 
For installers of lightning protection systems this means that 
the connection components must be selected for the duty  
(H or N) to be expected at the place of installation. Conse-
quently, a clamp for duty H (100 kA) must be used for e.g. an 
air-termination rod (full lightning current) and a clamp for duty 
N (50 kA) must be used e.g. in a mesh or at an earth entry 
(lightning current is already split). 

Requirements on conductors 
IEC 62561-2 (EN 62561-2) also places specific requirements on 
conductors (air-termination and down conductors or e.g. ring 
earth electrodes) for example:

 ¨ Mechanical properties (minimum tensile strength and mini-
mum elongation),

 ¨ Electrical properties (maximum resistivity) and 

 ¨ Corrosion protection properties (artificial ageing as de-
scribed before).

Figure 5.8.4 Test combinations for MV clamps (parallel and cross 
arrangement)

Figure 5.8.5 Specimen (MV clamp) fixed on an insulating plate for  
a test in an impulse current laboratory

Figure 5.8.6 Tensile test of conductors
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Isolated air-termination systems 
Isolated air-termination systems can be installed in a concrete 
base or tripod (without additional mechanical fixing). If air-
termination rods are between 2.5 m and 3.0 m high, they must 
be installed in a concrete base and mechanically fixed at the 
object to be protected using spacers made of insulating mate-
rial (insulating clearance made of GRP – glass-fibre reinforced 
plastic) due to the wind load. 
If no additional measures are taken, high impulse voltages 
will cause flashover at the surfaces of the insulating materi-
als. This effect is known as creeping flashover. If the creeping 
discharge inception voltage is exceeded, a surface discharge 
occurs which can easily flash over a distance of several metres 
to earthed parts. This undesired flashover to metal installations 
at or in the object to be protected can be prevented if the 
necessary separation distance calculated in accordance with  
IEC 62305-3 (EN 62305-3) is maintained. In general, the sepa-
ration distance s is calculated as follows:

s =
k

i
k

C

k
m

l

s Separation distance

ki Factor depending on the lightning protection level  
selected

kc Factor depending on the current distribution

km Factor depending on the material of the electrical  
insulation 

l Length along the air-termination or down conductor 
from the point where the separation distance s is to 
be determined to the nearest equipotential bonding 
point or earthing point.

It can be seen that the separation distance depends on the 
length of the down conductor, the lightning protection level 
selected, the distribution of the lightning current to the dif-
ferent down conductors and the insulating material in the in-
sulating clearance. The factor km must also be considered in 
addition to the factors ki , kc and the length l. The values of km 
have been sufficiently determined and proven for solid materi-
als and air. 

DEHNiso spacers and DEHNiso Combi supporting tubes have 
been sufficiently tested with impulse voltage and are specified 
with a factor km of 0.7 which is used to calculate the separa-
tion distance s. Thus, the factor km of 0.7 can be taken into ac-
count when calculating the necessary separation distance for 
the relevant object (air or solid material in conformity with the 
standard). The separation distance calculated must be smaller 
or equal to the insulating clearance of the product used to pre-
vent flashover as shown in Figure 5.8.7 which would impair 
the function of the entire lightning protection system. 

Figure 5.8.6 shows the test set-up for testing the tensile 
strength of round conductors (e.g. aluminium). The coating 
quality as well as the minimum thickness and adhesion to the 
base material are important and must be tested particularly 
if coated materials such as galvanised steel (St/tZn) are used.
Moreover, the conductor materials must be easy to process 
during the installation of lightning protection systems. Wires 
or strips, for example, are supposed to be easily straightened 
by means of a wire straightener (guide pulleys) or by means of 
twisting. These normative requirements are relevant product 
features which must be documented. This information can be 
found in the manufacturer’s product data sheets. 

Earth electrodes and earth rods
IEC 62561-2 (EN 62561-2) describes the requirements earth 
electrodes have to fulfil. These requirements include the mate-
rial, configuration, minimum dimensions as well as mechani-
cal and electrical properties. The coupling joints linking the 
individual rods are weak points of earth rods. For this reason,  
IEC 62561-2 (EN 62561-2) requires that additional mechanical 
and electrical tests be performed to test the quality of these 
coupling joints. The test setup contains a test holder and a 
steel plate (impact area). A specimen consisting of two joined 
rod parts with a length of 500 mm each is inserted into this 
test holder. Three specimens are required for every type of 
earth electrode. The top end of the specimen is impacted with 
a vibration hammer for a duration of two minutes. The stroke 
rate of the hammer must be 2000 ± 1000 min-1 and the single 
stroke impact energy must be 50 ± 10 [Nm].
If the coupling joints have passed this test without visible de-
fects, they are subjected to artificial ageing consisting of a salt 
mist and humid sulphurous atmosphere treatment. After that, 
each coupling joint is loaded with three 50 kA and 100 kA 
lightning current impulses of 10/350 µs wave form. The contact 
resistance of stainless steel earth rods (measured above the 
coupling) must not exceed 2.5 mΩ in case of stainless steel 
earth rods. 
To test whether the coupling joint is still firmly connected af-
ter being subjected to this lightning current load, the coupling 
force is tested by means of a tensile testing machine. 

Lightning protection components made of GRP
Nowadays roof-mounted structures such as domelights, anten-
nas, air-conditioning systems, advertising signs, sirens, etc. are 
often located on the roofs of large office and industrial build-
ings. These roof-mounted structures are typically electrically 
operated or have a conductive connection into the building. 
According to the latest lightning protection technology, these 
roof-mounted structures are protected against direct lightning 
strikes by means of isolated air-termination systems. This pre-
vents partial lightning currents from entering the building.
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 ¨ EN 50522: Earthing of power installations exceeding  
1 kV a.c.

 ¨ IEC 62271-202 (EN 62271-202): High-voltage / low-voltage 
prefabricated substation

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

 ¨ IEC 60364-5-54 (HD 60364-5-54): Low-voltage electrical 
installations – Part 5-54: Selection and erection of elec-
trical equipment – Earthing arrangements and protective 
conductors

 ¨ IEC 62305-3 (EN 62305-3): Protection against lightning: 
Physical damage to structures and life hazard

 ¨ DIN 18014: Foundation earth electrode – General planning 
criteria (German standard)

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

Important terms and definitions
Earth electrodes are defined as non-insulated conductors in 
contact with earth. A locally restricted system of conductively 
interconnected earth electrodes is termed earth-termination 
system. This earth-termination system is connected to the part 
of an installation to be earthed via the earthing conductor 
and the main earthing busbar. The earth resistance RE (remote 
earth) can be determined depending on the earth resistivity ρ.  
Earthing of a dead part is called protective earthing, while 
earthing of a point of the operating circuit such as the neutral 
of a transformer is called operational earthing. If currents flow 
into the earth-termination system in the event of a fault, the 
earth potential can be calculated as follows:

U
E
= I

E
Z

E

UE earth potential rise

IE current to earth

ZE impedance to earth

Depending on the distance, the earth surface potential ϕ arises 
between the earth-termination system and remote earth. A 
person approaching the fault location is exposed to step volt-
age and a person touching the faulty part of the installation is 
exposed to touch voltage UT . To reduce possible step voltage, 
potential control measures can be taken. All conductive parts 
inside the electrical installation are integrated in the equipo-
tential bonding system.
The term transferred potential means that potentials can be 
transferred into areas with a different or no potential rise by 
means a conductor (e.g. cable shield, PEN conductor) connect-
ed to the earth-termination system. Global earth-termination 

If the separation distance is calculated correctly and the re-
quired components are properly selected and mounted on site, 
an effective isolated lightning protection system can be imple-
mented for the structure.
Components tested in conformity with the standard must be 
used to be able to install a functional lightning protection 
system. Installers of lightning protection systems must select 
the components according to the requirements at the place of 
installation and install them correctly. In addition to the me-
chanical requirements, the electrical criteria according to the 
latest lightning protection technology must be considered and 
observed. This also applies to GRP components used for light-
ning protection systems. 
In addition to the standards described before, international 
component standards e.g. for test joints or conductor holders 
have already been published.

5.9 Dimensioning of earth-termination 
systems for transformer stations

Earth-termination systems are vital for a functioning power 
supply. The main tasks of a properly functioning earth-termi-
nation are to form high-voltage protection and low-voltage 
ground, ensure protection measures and voltage limitation to 
permissible maximum values even in case of a fault, form the 
basis for all equipotential bonding and lightning protection 
measures and ensure the protection of persons and material 
assets. Irrespective of this, experience and discussion about 
earth-termination systems took a back seat. Properly function-
ing earth-termination systems are often taken as given with-
out any question. Therefore, the most important physical and 
normative backgrounds and possible technical solutions will 
be described in this chapter.

Normative references
The requirements of high-voltage and low-voltage systems 
typically go hand in hand in a transformer station. The follow-
ing standards apply:

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

Figure 5.8.7 Flashover along the DEHNiso spacer made of GRP
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(typically up to max. 10 % of the uncompensated earth fault 
current) stresses the earth-termination system in case of a 
fault. The residual current is further reduced by connecting the 
local earth-termination system to other earth-termination sys-
tems (e.g. by means of the connecting effect of the cable shield 
of the medium-voltage cables). To this end, a reduction fac-
tor r is defined. If a system has a prospective capacitive earth 
fault current of 150 A, a maximum residual earth fault current 
of about 15 A, which would stress the local earth-termination 
system, is assumed in case of a compensated system. If the 
local earth-termination system is connected to other earth-
termination systems, this current would be further reduced. 
The earth potential rise would be:

U
E
= I

E
Z

E

IE current to earth

IC capacitive earth fault current

IL rated current of the arc suppression coil

IRES residual earth fault current

I’’kEE double earth fault current

I’k1 line-to-earth short-circuit

systems are defined as an enclosed area where all earth-ter-
mination systems in this area act like a large common meshed 
earth electrode. A global earth-termination system (industrial 
plants, residential areas) can typically be assumed if more than 
ten meshed earth-termination systems are installed in the 
enclosed area. In case of a fault, a wide-ranging quasi equi-
potential surface is formed where by definition no dangerous 
touch voltages occur any more (Figure 5.9.1). UTP = 80 V is 
defined as maximum permissible sustained touch voltage in 
high-voltage systems in case of a fault (disconnection time  
> 10 s). The maximum permissible touch voltage in low-volt-
age systems is 50 V a.c. These values must be ensured in all 
cases.

System configurations and the associated currents 
to earth
Medium-voltage systems can be operated as systems with iso-
lated neutral, systems with low-impedance neutral earthing, 
solidly earthed neutral systems or inductively earthed neutral 
systems (compensated systems). In case of an earth fault, 
the latter allows to limit the capacitive current flowing at the 
fault location to the residual earth fault current IRES by means 
of a compensation coil (suppression coil with inductance  
L = 1/3 ω CE) and is thus widely used. Only this residual current 

reference earth
(at a sufficient 
distance)

without potential control with potential control

cable with an insulated metal sheath; both ends 
exposed; sheath is connected to earth at the station.

E EE
S1

S2
S3

UE UvT

UvT

UvS

A B

ϕ

UE Earth potential rise (ERP)
UvS Prospective step voltage
UvT Prospective touch voltage
ϕ Earth surface potential

E Earth electrode
S1, S2, S3 Potential grading electrodes 
 (e.g. ring earth electrodes) con-
 nected to the earth electrode E

A Prospective touch voltage resulting from transferred 
 potential in case of single-side cable sheath earthing
B Prospective touch voltage resulting from transferred 
 potential in case of a cable sheath earthed on both sides

1m1m 1m

Figure 5.9.1 Definitions according to EN 50511, Figure 1
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U0 is the nominal voltage to earth of 230 V and

UB is the agreed maximum touch voltage of 50 V

Thus, the following must apply: RB / RE ≤ 0.27. If an accidental 
contact resistance of 10 Ω (typical empirical value) is assumed 
at the fault location, RB must be ≤ 2.7 Ω. Therefore, in prac-
tice a maximum limit of RB = 2 Ω is often used for system 
operation. This total earth resistance of the station earth must 
be documented before commissioning and must be tested at 
regular intervals.

Dimensioning of earth-termination systems with 
respect to the current carrying capability
To dimension the current carrying capability of earthing con-
ductors and earth electrodes, different worst case scenarios 
must be examined. In medium-voltage systems, a double earth 
fault would be the most critical case. A first earth fault (for 
example at a transformer) may cause a second earth fault in 
another phase (for example in the medium-voltage system, 
faulty cable sealing end). In this case, a double earth fault cur-
rent I’’kEE , which is defined as follows according to Table 1 of 
the EN 50522 standard, will flow via the earthing conductors 
(Table 5.9.1):

I ''
kEE

0.85 I ''
k

I’’k = three-pole initial symmetrical short-circuit current

In a 20 kV installation with an initial symmetrical short-circuit 
current I’’k of 16 kA and a disconnection time of 1 second, the 
double earth fault current would be 13.6 kA. The current car-

IN nominal current

r reduction factor (e.g. for cable shields)

Dimensioning of earth-termination systems with 
respect to the earth potential rise
When planning earthing measures for a medium-voltage sys-
tem, the possible earth potential rise UE must be determined. 
If UE < 2 x UTP , the earth potential rise is correctly rated. If  
UE < 4 x UTP , compensating measures (e.g. potential control) 
must be implemented. In special cases, additional measures 
must be taken; the exact procedure is described in Figure 5 of 
the EN 50522 standard. By definition, there is no impermissibly 
high voltage rise if the relevant installation is part of a global 
earth-termination system. TN and TT systems are commonly 
used as low-voltage distribution systems, therefore other sys-
tem configurations are not considered here. Particularly in TN 
systems, a voltage may be transferred into the customer instal-
lation in case of a fault. The voltage rise at the PEN conductor 
must not exceed 50 V in TN systems and 250 V in TT systems. 
In this context, IEC 60364-4-41 (HD 60364-4-41) refers to the 
so-called voltage balance. This is ensured if

R
B

R
E

U
B

(U
0

U
B
)

where

RB is the total resistance of all operational earth  
electrodes

RE is the earth contact resistance at a possible fault  
location

Table 5.9.1 Decisive currents for measuring earth-termination systems according to Table 1 of EN 50522

Type of high-voltage system
Relevant for the thermal stress Relevant for the earth poten-

tial rise and touch voltagesEarth electrode Earthing conductor

Systems with isolated neutral

I ''
kEE

I ''
kEE I

E
= r I

C

Systems with resonant earthing (includes short-time earthing for fault detection)

Stations without arc suppression coils I ''
kEE

I ''
kEE

I
E
= r I

RES

Stations with arc suppression coils I ''
kEE I ''

kEE  
a)

I
E
= r I

L
2 + I

RES
2

Systems with low-impedance neutral earthing (Includes short-time earthing for tripping)

Stations without neutral earthing I ''
k1

I ''
k1 I

E
= r I ''

k1

Stations with neutral earthing I ''
k1

I ''
k1 I

E
= r (I ''

k1
I

N
)  

b)

a) The earthing conductors of the arc suppression coils have to be sized according to the maximum coil current.
b) It has to be checked if external faults may be decisive.
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In case of a compensated system, for example, the earth-ter-
mination system itself (namely the part in direct contact with 
earth) is loaded with a considerably lower current, namely only 
with the residual earth fault current 

I
E
= r I

RES

reduced by the factor r (Table 5.9.1). This current does not 
exceed some 10 A and can permanently flow without problems 
if common earthing material cross-sections are used. In the 
low-voltage installation, a single-pole earth fault between the 
transformer and the low-voltage main circuit breaker would be 
a possible critical fault. In case of an earth fault of a trans-
former’s low-voltage winding (e.g. via the earthed transformer 
tank), a single-pole short-circuit current I’’k1 will flow to the 
main earthing busbar. From there, the fault circuit is closed via 
the connected protective conductor of the low-voltage distribu-
tion board and the PEN conductor to the neutral of the trans-
former. In this case, the circuit breaker of the transformer or 
the associated switch-disconnector / fuse combination would 
disconnect the installation on the high-voltage side. The earth-
ing / protective conductor in the installation room is rated ac-
cording to section 543.1.2 of the IEC 60364-5-54 (HD 60364-5-
54) standard. The cross-section must be calculated as follows:

S  =  
I
k

t  

rying capability of the earthing conductors and the earthing 
busbars in the station building must be rated according to this 
value. In this context, current splitting can be considered in 
case of a ring arrangement (a factor of 0.65 is used in prac-
tice). According to Table 9.5.1, the earth electrode must have 
the same rating as the earthing conductor (except for installa-
tions with arc suppression coil (transformer substations)). The 
fault current frequently splits in the earth-termination system, 
therefore it is permissible to dimension every earth electrode 
and earthing conductor for a part of the fault current. The de-
sign must always be based on the actual system data. Table 
5.9.2 shows the current carrying capability of different cross-
sections and materials. The cross-section of a conductor can be 
determined from the material and the disconnection time. The 
EN 50522 standard specifies the maximum short-circuit cur-
rent density G (A/mm2) for different materials (Figure 5.9.1). 

Table 5.9.2 Short-circuit current density G (max. temperature of 200 °C)

Time
[s]

St/tZn
[A/mm2]

Copper
[A/mm2]

StSt (V4A)
[A/mm2]

0.3 129 355 70

0.5 100 275 55

1 70 195 37

3 41 112 21

5 31 87 17
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Figure 5.9.2 Single-pole fault in a transformer station with integrated main low-voltage distribution board
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voltage side. According to the transformation ratio n of 50,  
the short-circuit current would be transformed to the high-
voltage side with about 450 A and trip the HH fuses according 
to the fuse characteristic curve at a nominal current of 31.5 A 
in about 25 ms (on all poles). According to the equation

S  =  
I
k

t  

the copper protective conductors / protective bonding con-
ductors in the station would have a minimum cross-section  
Smin = 25 mm2. In practice, this value is rounded up to 50 mm2. 
It must be observed that in case of larger transformers and 
consequently higher currents in conjunction with the relevant 
disconnection times the cross-sections for the protective and 
earthing conductor can be considerably higher. The earth-ter-
mination system itself (namely the part in direct contact with 
earth) is not stressed in case of this fault. On the low-voltage 
side, currents only flow through the earth-termination system 
in case of an earth fault outside the station. The current

I
E
=

U
(R

E
+R

B
)

where according to Table A 54.2 of the standard the material 
factor k (insulated, thermoplastic) is 143 in case of a copper 
line, I is the short-circuit current and t the duration of current 
flow (Figure 5.9.2). It is extremely difficult to calculate the 
actual flow of fault current since it depends on the nominal 
power of the transformer SN , the driving voltage, the short-
circuit voltage uk and the relevant loop impedance (which can 
only be determined by measurements). Fast analysis is only 
possible to a limited extent by considering the initial sym-
metrical short-circuit current I’’k (~three-pole short-circuit as a 
defined state) which can be calculated by the nominal power 
of the transformer, the nominal voltage and the short-circuit 
voltage according to the following equation:

I ''
k
=

S
N

( 3 U
N

u
k
)

In case of a 630 kVA transformer with uk = 4 % and  
UN = 400 V, the initial symmetrical short-circuit current I’’k 
would be e.g. 22.7 kA. In our example with a 20 kV installa-
tion, the transformer would have to be protected by means of 
HH fuses with a nominal current from 31.5 to 50 A on the high-
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Figure 5.9.3 Schematic diagram of the earth-termination system at a transformer station (source: Niemand / Kunz; “Erdungsanlagen”,  
page 109; VDE-Verlag)
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IEC 61936-1 (EN 61936-1) standard must be observed in low-
voltage systems. Therefore, isolated earth-termination systems 
may be required in special cases, particularly in overhead line 
systems or in case of dead-end feeders. In such cases, case-by-
case examination is required. This outdoor earth-termination 
system enters the station in an isolated way to prevent con-
tact with the building reinforcement, which would negatively 
affect a measurement result. The outdoor earth-termination 
system is connected to the main earthing busbar by means of 
a disconnecting clamp. If the disconnecting clamp is closed, the 
total earth resistance can be measured. If the disconnecting 
clamp is open, the earthing conditions of the relevant instal-
lation can be measured. As already described before, the total 
earth resistance of the station RB of about 2 Ω is sufficient. 
Distribution network operators often refer to this value in 
the German Technical Connection Conditions. Therefore, it is 
often helpful to roughly determine the total earth resistance 
before installing the earth-termination system. Table 5.5.1 of  
chapter 5.5 includes formulas for roughly determining the to-
tal earth resistance of different buried earth electrodes. When 
selecting the materials for earth electrodes, not only their cur-
rent carrying capability (Figure 5.9.5), but also the corrosion 
behaviour must be considered, which will be described below.

Selection of earth electrode materials considering 
the corrosion behaviour
If adequate materials are chosen, corrosion hazards for earth 
electrodes can be reduced or even prevented. To ensure a suf-
ficient service life, the minimum material dimensions must 

which flows back to the neutral of the transformer via the 
earth-termination system of the station, occurs at the fault lo-
cation. In case of a line-to-earth voltage of 230 V, a resistance 
RE of some ohms and an earth resistance of the station RB of 
about 2 Ω, this current is uncritical. The current will not exceed 
some 10 A so that overload is not to be expected if the maxi-
mum earth resistance is observed.

Practical implementation of earth-termination sys-
tems for transformer stations
The earth-termination system of a transformer station (Figure  
5.9.3) must be designed according to IEC 61936-1 (EN 61936-1)  
and EN 50522 considering the local system data from the dis-
tribution network operator. An earth-termination system typi-
cally consists of several horizontal, vertical or inclined earth 
electrodes which are buried or driven into the soil. In Germany, 
the use of chemicals to improve the earth resistance is not com-
mon and is not recommended. Surface earth electrodes should 
be typically buried at a depth of 0.5 m to 1 m below ground 
level. This provides sufficient mechanical and frost protection. 
Earth rods are typically buried below the surface of the earth 
(Figure 5.9.4). Vertical or inclined earth rods are particularly 
advantageous since the earth resistivity decreases in relation 
with the depth. Typical values of the earth resistivity depend-
ing on the type of ground can be found in Figure 5.5.4 of  
section 5.5. In general, a ring earth electrode (potential grad-
ing earth electrode) is installed at a depth of about 0.5 m at a 
distance of about 1 m around the station building. The earth 
resistance is often improved by driving an earth rod (typical 
length of about 6 m) into the ground. In addition, a strip earth 
electrode of some 10 m is frequently routed along the cable 
routes in the cable trench. In practice, a common earth-ter-
mination system should be preferred on the high-voltage and 
low-voltage side. In this context, the requirements concern-
ing touch voltage and voltage rise specified in Table 2 of the  

Figure 5.9.4 Connection of an earth rod to the ring earth electrode 
of the station
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Figure 5.9.5 Current carrying capability of earth electrode materials
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Nowadays numerous power supply systems are operated for 
50 years or even longer, that is frequently far longer than the 
service life of earth-termination systems made of conventional 
materials. Therefore, the earth-termination system must be di-
mensioned for this operating time. It is advisable to use stain-
less steel (V4A). Figure 5.9.6 clearly shows localised corro-
sion of an earth rod after only seven years.
Figure 5.9.7 shows that high-alloy stainless steel does not 
corrode in the ground. 
Reliable and correctly dimensioned earth-termination systems 
are vital for a functioning power supply to ensure personal 
and operational safety. However, their correct operation is 
often taken as given without any question. In case of earth-
termination systems for transformer stations, the technical re-
quirements of the high-voltage and low-voltage systems must 
be considered in context. A global earth-termination system 
provides considerable advantages with regard to the hazard 
potential of a possible earth potential rise UE. According to the 
standard, dangerous touch voltages will typically not occur in 
this case. To ensure that personal protection requirements are 
met in the system parts connected to the earth-termination 
system even under fault conditions, a total earth resistance 
RB of the individual earth-termination systems of less than 
2 Ω has proven its worth in practice. The minimum cross-
sections of the earthing conductor and the earthing busbars 
of the installation must be observed with regard to the cur-
rent carrying capability in case of possible faults in the sta-
tion. In case of a fault, the stress on the earth-termination 
system is reduced depending on the neutral point treatment 
(e.g. compensated system). In practice, the principles of the 
before mentioned standards and important notes by local dis-
tribution network operators must be observed. When design-
ing and dimensioning the earth-termination system, it often 
makes sense to assess the total earth resistance in advance to 
define all necessary measures before installing the installation. 
It is vital to pick a corrosion-resistant material for the earth 
electrode of the earth-termination system. The examples de-

be observed. The exact values are specified in Table 3 of the  
German DIN VDE 0151 standard.

Bare copper
Due to its position in the electrolytic series, bare copper is ex-
tremely resistant. In addition, it is cathodically protected when 
connected to earth electrodes or other buried systems made of 
more non-precious materials (e.g. steel), however, at the cost 
of the more non-precious materials.

Hot-dip galvanised steel
When using galvanised material for buried earth electrodes, 
the corrosion behaviour must be especially observed. In case 
of transformer stations, galvanised steel is typically embedded 
in concrete (in the foundation slab of the building). This earth 
electrode embedded in concrete is connected to the ring earth 
electrode. This direct connection forms a concentration cell. The 
steel embedded in concrete has a higher potential (like copper) 
and thus the more non-precious metal (galvanised steel in the 
ground) corrodes like a battery in the ground. The area ratio of 
the two earth-termination systems is decisive for this electro-
chemical corrosion. This is described in detail in chapter 5.5.7.

Stainless steel
When using high-alloy stainless steel, the before mentioned ef-
fect can be virtually excluded. According to EN 10088-3, high-
alloy stainless steel is passive and corrosion-resistant in the 
ground. In the majority of cases, the free corrosion potential of 
high-alloy stainless steel in conventionally ventilated grounds 
is similar to that of copper. Since stainless steel earth electrode 
materials passivate at the surface within a few weeks, they 
show a neutral behaviour with regard to other (more precious 
or non-precious) materials. Stainless steel should consist of at 
least 16 % chromium, 5 % nickel and 2 % molybdenum. Ex-
tensive measurements have shown that only high-alloy stain-
less steel (V4A), e.g. AISI/ASTM 316 Ti, is sufficiently protected 
against corrosion in the ground.

Figure 5.9.6 Corrosion of a galvanised earth rod after 7 years Figure 5.9.7 Corrosion of a galvanised earth rod (below) and a stain-
less steel earth electrode (above) after 2.5 years
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Therefore, only high-alloy stainless steel should be used for the 
earth-termination system to ensure long-term safe operation 
of a transformer station.

scribed before as well as experience over the last decades with 
many systems clearly show that only high-alloy stainless steel  
(V4A, AISI/ASTM 316 Ti) is corrosion-resistant in the ground. 


