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Abstract - The paper presents results of numerical 
calculations of potential differences between various parts of 
electrical installations inside a building during direct 
lightning strike to an antenna mast of a GSM radio base 
station (RBS) located on the building roof. Lightning threat 
related to the first return stroke is under concern. The 
calculations were carried out using a program based on 
electromagnetic filed theory and method of moments. In the 
calculations, a current distribution between grounding 
systems of the building and the supplying transformer 
station was taken into account. Voltage drops along the PE 
conductor of the electrical installation supplying the RBS 
equipment as well as potential differences between this PE 
conductor and other installations supplying the equipment 
inside the building are analyzed. The results obtained for 
different distance between the installations supplying the 
RBS and the building equipment as well as for different 
ground resistivity are also presented in the paper. 
 

1  INTRODUCTION 
 
During direct lightning strike to the LPS or conductive 
construction elements of a building, potential differences 
between particular conductors of the electrical installation 
as well as between the installation and the LPS or building 
construction elements may arise. The dangers related to 
these events have been studied so far quite extensively. 
They can be eliminated or minimized by using surge 
protective devices and applying separation distances. 
 
The problem, however, is not very well known in the case 
of lightning strikes to an antenna mast of a GSM (Global 
System for Mobile Communications) base station located 
on a building roof. In such case the electrical installation 
is extended beyond the building roof in order to provide 
the power supply for the RBS (Radio Base Station) 
equipment. 
 
Power supplying and signal installations of RBS are not 
usually isolated from the LPS of the station and the 
building. Hence, there is a danger that some part of 
lightning current will flow into the building through the 
electrical installation and produce inductive voltage drops 

along its conductors. This may result in sparking between 
different electrical installations, which supply the RBS 
equipment on the building roof and the equipment located 
in different parts of the building. 
 
In the paper, results of numerical calculations of potential 
differences between various parts of electrical installations 
inside a building during direct lightning strike to the 
antenna mast of an RBS located on the building roof are 
analysed. The presented calculation results refer to: 
 • the current, which flow into the building through the 

electrical installation supplying the RBS equipment; 
 • the voltage drop along the PE conductor of the 

electrical installation supplying the RBS equipment; 
 • potential differences between the PE conductors of 

the installations supplying the RBS equipment and 
the equipment inside the building. 

Different distance between the installations supplying the 
RBS and the building equipment as well as different 
ground resistivity are also analyzed. 
 

2  NUMERICAL MODELING 
 
Numerical calculations were performed using HIFREQ 
[1] and FFTSES [2] programs, which are parts of CDEGS 
(Current Distribution, Electromagnetic Fields, Grounding 
and Soil Structure Analysis) software package. The 
software allows for calculation of current flows, potential 
distributions with respect to remote ground and 
electromagnetic field intensities in or around networks 
composed of cylindrical conductors (aboveground and 
buried in soil). Using HIFREQ it is possible to calculate 
any of the electromagnetic quantities in frequency domain 
and FFTSES is used for transformations between time and 
frequency domains. 
 
The numerical method is based on electromagnetic field 
theory and method of moments. It takes into account the 
electric and magnetic properties of conductor materials 
and mediums (air and/or up to 3-layers of soil). 



 

The numerical method applied in HIFREQ requires the 
object in concern to be represented with a network of 
straight cylindrical conductors partitioned in shorter 
segments. The segments should be long enough to meet 
the thin-wire approximation, i.e. their lengths should be at 
least 6 times their radii [1, 3]. 
 
Linear current variation along a segment is assumed. 
Hence, the segments must also be short enough to ensure 
good sinusoidal approximation for current distributions 
along all the conductors. This requires the segments to be 
at least a few times shorter than the wavelength 
corresponding to the highest analysed frequency [1]. 
 
Each segment is then represented with an electric dipole 
located at its centre. The field of such dipole is expressed, 
using Maxwell’s equations, as the sum of a source term, 
an image term and a Sommerfeld integral. 
 
For calculation of unknown currents in the segments, 
linear equations are formulated [1, 3] based on: 
 • boundary conditions at the surface of the conductors 

using the two-potential (scalar-vector) moment 
method; 

 • Kirchhoff’s laws for conservation of currents at 
nodes and energization conditions; 

 • Faraday’s laws for currents circulating in closed 
loops. 

 
After the currents are determined, all the remaining 
electromagnetic quantities are calculated using Maxwell’s 
equations and applying the superposition rule. 
 

3  NUMERICAL MODEL OF THE CASE 
 
The object in concern is a building of medium size 
50 x 20 x 20 m (length x width x height) with a radio base 
station located on its roof. The thin-wire structure, which 
represented the object in HIFREQ is shown in Fig. 1. 
 
In this representation the following elements are included: 
 • external LPS of the building in a form of air 

termination mesh on the roof and lightning down 
conductors placed every 10 m along the building 
perimeter and ground ring electrode buried at 0.8 m 
depth in 1 m horizontal distance from the walls; 

 • 3 antenna masts of the RBS on the building roof; 
 • 6 outdoor equipment cabinets installed on 2 

adjoining metallic platforms on the building roof; 
 • metallic support elements for antennas and metallic 

ladders and cable ducts between antennas and 
outdoor cabinets; 

 • selected cables linking the antennas and the outdoor 
cabinet equipment (pairs of parallel conductors 
terminated with load resistances); 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 – Thin-wire structure, which represents the building with 
the RBS on its roof in HIFREQ program (d: distance between 
installations supplying the RBS and the building equipment) 

 
 • air terminations and lightning down conductors on 

the masts connected to the building LPS and 
equipotential conductors (it was assumed that the 
outdoor cabinets and the cables on the building roof 
are protected from direct lightning strikes, according 
to the lightning protection zone concept [4]); 

 • grounding system of transformer station, which 
supplies the building (ring electrode and 4 vertical 
electrodes 2.5 m long); 

 • selected PE conductors of the electrical installation 
supplying the RBS and the building equipment 
inside the building (placed as shown in Fig. 1 in the 
distance d equal to 50 cm or 10 cm) and the PE 
conductor of the supplying power line from the 
transformer station; 

 • uniform soil structure with 500 Ωm or 50 Ωm 
resistivity. 

 
The PE conductor of the installation supplying the RBS, 
starting from the point near the main earthing terminal 
(point marked “Reference potential V0” in Fig. 1) to the 
point of entry of this installation to the building (point 
marked “Potential of PE conductor at the entry to the 
building” in Fig. 1), was around 25.3 m long. 
 
In the calculations, a direct lightning strike to the mast M1 
was assumed (Fig. 1). The lightning strike was 
represented by “external” ideal current source, assuming 
that the current is injected from external circuit defined 
solely by the applied source current [1]. 
 
The lightning current waveform of 10/350 µs was chosen 
to simulate the threat related to the first return stroke, 
according to the recommendations of standards on 
lightning protection [4]. The peak value of the current was 
100 kA, as for the III-rd protection level [4]. 
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The current waveform was described with Heidler’s 
formula, as recommended in standards [4], [5] as follows: 
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where: I = 100 kA – current peak value, η = 0.93 – 
correcting factor, τ1 = 19 µs, τ2 = 485 µs – front and tail 
time constants of the current impulse, t – time [4]. 
 

4  CALCULATION RESULTS 
 
The calculated current distributions in the building LPS 
and in the PE conductors of the electrical installation 
supplying the RBS at the entry to the building and the 
external supplying power line (from the transformer) for 
different ground resistivity are presented in Fig. 2. More 
detailed information about the lightning current 
distributions in the building LPS can be found in [6]. 
 
For this work the current, which flows into the building 
through the RBS supplying installation is of particular 
importance. This current will produce an inductive 
voltage drop along the installation conductors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 – Current distribution (in [kA]) in the building LPS and 
in the PE conductors of the electrical installation supplying the 
RBS and the external supplying power line, for different ground 

resistivity: a) 500 Ωm; b) 50 Ωm 

As it is shown, this current can be as high as 3.4 – 3.8 % 
of the total lightning current, depending on ground 
resistivity. 
 
The time-domain voltage drop along the part of the PE 
conductor of the RBS supplying installation running 
inside the building, from the point marked “Reference 
potential V0” (Fig. 1) to the point “Potential of PE 
conductor at the entry to the building” (Fig. 1) for 
500 Ωm ground resistivity, is presented in Fig. 3. 
 
The voltage drop along this part of the PE conductor was 
similar for different distances d between the PE 
conductors of the electrical installations supplying the 
RBS and building equipment (Fig. 1). For 50 Ωm ground 
resistivity the voltage drop was lower (65 kV). Such 
voltages are to be expected between the PE conductor and 
other conductors of installations entering the building. 
 
The oscillations observed in the voltage waveshapes are 
probably caused by reflections of current travelling waves 
from ideal current source representing the lightning strike 
and particular grounding points. Due to the applied 
current source, these effects do not exactly reflect the 
reality. Normally they would be smaller [7]. 
 
In the next step, some voltage differences between the PE 
conductors of the installations supplying the RBS and 
building equipment were calculated. These voltages were 
analysed in different places (on different altitudes) along 
the considered part of the installation supplying the RBS 
running inside the building, i.e. from the point “Potential 
of PE conductor at the entry to the building” to the point 
“Reference potential V0” (see Fig. 1). 
 
The summary of the calculation results (voltage peak 
values) obtained for different distance d (Fig. 1) and 
different ground resistivity is presented in Fig. 4. For 
clarity, only the considered part of the electrical 
installations is presented in the figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 – Time-domain potential of the PE conductor at the entry 
to the building with respect to the reference potential (Fig. 1) for 

500 Ωm ground resistivity 
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Fig. 4 – Voltages (peak) between the PE conductors of electrical 

installations supplying the BBS and building equipment for 
different distance d (Fig. 1) and ground resistivity: a) 50 cm, 

500 Ωm; b) 10 cm, 500 Ωm; c) 10 cm, 50 Ωm 
 
The voltage between the PE conductor of the installation 
supplying the RBS equipment and the PE conductor 
supplying the building equipment rises together with the 
altitude above the main earthing terminal (V0). It is quite 
obvious, taking into account the length of the PE 
conductors. At the highest floors the peak values of these 
voltages can be as high as around 10 kV. 
 
Considering the voltages between the PE conductor of the 
RBS installation and the PE conductors of the building 
installations that reach different floors, one can see that at 
a given altitude, higher voltages are observed for 
installations, which reach the higher floors. For example 
in Fig. 4 a), on the given 1-st floor level the voltages 
between the PE conductor of the RBS installation and the 
PE conductors of the building installations reaching the 1-
st and the 4-th floor are 1.3 kV and 2.6 kV respectively. 
 
The presented results show also that the reduction of 
voltages between the PE conductors of the RBS and 
building installations caused by reduction of distance d 
between these installations along the common path (to 
10 cm) is not particularly high. 

5  CONCLUSION 
 
The article presented results of numerical calculations of 
voltages between PE conductors of electrical installations 
inside a building during direct lightning strike to an 
antenna mast of a radio base station located on its roof. 
The analyses refer to the first lightning return stroke and 
take into account lightning current distribution between 
the building and the supplying transformer grounding. 
 
The results show that the current, which may flow into the 
building through the PE conductor of the RBS supplying 
installation is around 3.4 – 3.8 % of the total lightning 
current, depending on ground resistivity. The voltage drop 
along a 25 m long PE conductor caused by lightning 
current of 100 kA peak value is around 65 – 72 kV. 
 
It was observed that the voltages between the PE 
conductors of the RBS and building supply installations 
are higher on higher floors. Also, on a given floor these 
voltages are higher in case the building installations reach 
higher floors in comparison to the case where the building 
installations just end up on lower floors. 
 
The reduction of voltages between the PE conductors of 
the RBS and building installations with their distance d is 
not particularly high. 
 
Generally, the threat related to voltage differences 
between the RBS and building supplying installations can 
be particularly high in high buildings. Considering that 
radio base stations are in most cases located on high 
buildings, the problem of lightning exposures in electrical 
installations of such buildings requires careful studies. 
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