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Abstract - Surge current, which flows in lightning channel 
during direct strike to the LPS (Lightning Protection 
System) of a building may affect the current distribution in 
this LPS. It happens as a result of electromagnetic 
couplings between the lightning channel and the LPS. In 
theoretical analysis, reliable knowledge about these effects 
is very important since it helps to build an effective model 
of lightning strike. This paper presents the analyses of 
influence of various lengths and positions of lightning 
channel on the current distribution in LPS of a building. 
The analyses are based on results of numerical calculations 
and laboratory measurements. Numerical calculations were 
carried out using a software based on electromagnetic field 
theory and measurements - on scaled models. 
 
 
1 - INTRODUCTION 
 
During direct lightning strike to the LPS (Lightning 
Protection System) of a building surge currents flow 
through the air-termination system and down conductors 
into the earth. The exact analysis of lightning risk 
requires information about surge current distribution in 
the LPS or in conductive construction elements of the 
building used as LPS [1]. 
 
Based on this information it is possible to qualify: 

• potential differences, which might lead to flashovers 
between LPS conductors and other metallic elements 
or installations in the building, 

• transient step and touch voltages dangerous for 
people inside and outside this building, 

• peak values and waveshapes of electric and 
magnetic field intensities inside the building, which 
directly affect various electronic devices or systems,  

• voltage and current surges induced in low-voltage 
power systems and in signal transmission systems 
inside the building.  

 
Accurate information on surge current distribution in LPS 
is very important also for electromagnetic compatibility 
and safety for persons. 
 
As a result of electromagnetic couplings the current in 
lightning channel may affect the current distribution in the 
entire LPS. This fact may have consequences for results 
of theoretical analyses, depending on the applied model 
of lightning strike. 
 
Theoretical analyses of lightning current distribution in 
LPS are usually based on circuit or electromagnetic field 
theory approach. 
 

In the circuit models all conductive elements of a 
structure in concern are represented with an equivalent 
circuit consisted of electrical elements with lumped 
and/or distributed parameters [2]. The main 
disadvantage of this method is that inductive and 
capacitive couplings have to be determined on a 
preliminary basis. Then the superposition of coupling 
effects caused by all the structure elements should be 
applied. This might be quite troublesome for systems of 
relatively complex geometry or with the presence of both 
aboveground and underground elements. Similarly, is 
very difficult to model the entire lightning channel. It is 
easier to connect the source of surge current directly to 
the LPS element. 
 
In the calculation based on field theory approach it is 
relatively easy to represent the lightning channel directly. 
One does not need to worry about pre-calculation of 
electromagnetic coupling effects, since they are taken 
into account automatically in field theory [3]. However, 
the calculation time increases rapidly with the length of 
lightning channel. 
 
Therefore, it is necessary to estimate the accuracy of 
calculations in case the lightning channel is neglected or 
taken into account only partly. 
 
Taking the above facts into account, the paper presents 
an analysis of effects caused by lightning channel length 
and position on surge current distribution in a building 
LPS. The analyses are based on results of numerical 
calculations and laboratory measurements. The 
calculations were carried out using a software based on 
field theory [3-5] and measurements - on scaled models. 
 
 
2 - LABORATORY MEASUREMENTS 
 
In laboratory measurements the surge currents flowed 
from generators to scaled models and next by additional 
return wires back to generators. In such case the tests 
models were always subject to magnetic fields produced 
by the currents that flowed in the return conductors. 
 
Reduction of this influence was obtained using multi-wire 
return paths so arranged that the incidental magnetic 
fields summate to zero in the regions of tests models. 
This return paths had a form of conductive wire net of 
rectangular prism (Fig. 1). 
 



 
 

Figure 1 -  Arrangement of the laboratory test system 

 
The surge current was introduced into the model with a 
long straight wire: 

• vertical, which simulated a lightning channel, 

• horizontal, which was used to analyze a hypothesis 
if it may correspond to the situation of direct 
connection of surge current source to the model in 
numerical calculation. 

 
In the laboratory models the original sizes of building 
construction or LPS structures as well as original time 
parameters of a double-exponential lightning current 
wave were reduced. 
 
The measurements were carried out for scaled models of 
large industrial and trade halls with the base of 48 x 24 m 
and 24 m height. The strike point at the corner or at the 
middle of one edge of the air-termination net on the roof 
were assumed. 
 
Some examples of measured surge current distributions 
(peak values) in vertical and horizontal elements of 
simple models are presented in Fig. 2. 
 
The presented results show clear dependence of the 
current distribution in the building LPS on the position of 
the wire, which represents a lightning channel. Moreover, 
this dependence is influenced by the strike point. 
 
Generally, in case of lightning strike to the corner or to 
the middle of the longer edge of the air-termination 
system, the horizontal position of the wire results in 
higher currents in the down conductor located directly 
under the strike point compared to the vertical wire 
position. This difference is around 7 % of the total surge 
current. 
 
Quite opposite situation is observed in case of lightning 
strike to the middle of the shorter edge of the air-
termination system. In this case the current that flows in 
the down conductor located directly under the strike point 
is significantly higher for vertical wire position compared 
to the horizontal position, i.e. around 9 % of the total 
surge current. 
 
Moreover, the current distributions in the building LPS is 
significantly dependent on the strike point itself. 
 

 
 

 
 

 
 

 
 

 
 

 
 

Figure 2 -  Surge current distribution measured in conductive 
elements of a building (peak values in % to the total current Ip ) 



3 - THEORETICAL CALCULATION 
 
Theoretical calculations of lightning current distribution in 
a building LPS were carried out using a software based 
on electromagnetic field theory approach [3]. The theory 
is based on numerical solution of two-potential electric 
field integral equation in frequency domain. 
 
The structure in concern must be represented with a 
network of straight conductors partitioned in short 
segments, which can be located in non uniform media 
(air and multi-layered soil). The equations are solved 
numerically using method of moments. 
 
Fast Fourier Transform was used for transformations 
between time and frequency domains [4]. The programs 
used for calculations are parts of CDEGS software 
package [5]. 
 
In calculations, the lightning return stroke was 
represented with a lumped current source. The source 
surge current of 100 kA peak value and 10/350 µs 
waveshape was used in order to simulate the first return 
stroke. This source current wave was described using a 
typical equation: 
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where:    I = 100 kA , η = 0.930 τ1 = 19 µs, τ2 = 485 µs,  
               t – time. 
 
The current source was connected to the building LPS 
directly or through a vertical wire, which simulated a 
lightning channel. The length of the wire was changed 
from 0 to 2000 m. 
 
The calculations were carried out for an object with 
dimensions 48 x 24 x 12 m. Some example results of 
lightning current distribution for channels of different 
length are presented in Fig. 3. 
 
The results show that the length of the vertical wire which 
represents a lightning channel in numerical calculation 
influences the current distributions in the building LPS. 
However, the difference is less pronounced compared to 
that observed from measurement results for different 
positions of the wire used to connect the generator. 
 
The dependence of the current distribution on the 
channel length is practically limited to the length of 
around 100 m. In this case the peak value of the current 
that flows in the lightning down conductor located directly 
under the strike point is lower, compared to the case of 
0 m channel, of about 4 % of the total lightning current. 
 
Further increase of the lightning channel length does not 
influence significantly the current distribution in the LPS. 
The observed small changes in the current distributions 
for 100 m, 400 m and 2000 m length might be the result 
of reflected current waves travelling through the channel 
of different lengths. 
 
Comparison of measurement and calculation results 
shows that they agree quite well in case of the vertical 
channel present (Fig. 2 and 3). 

 
 

 
 

 
 

 
 

 
Figure 3 -  Influence of lightning channel length on the 

calculated current distribution in conductive elements of a 
building (peak values in % of the total surge current Ip above the 

strike point) 

 
More significant differences are observed between the 
cases of horizontal wire that connected the surge 
generator (Fig. 2) and no lightning channel present 
(Fig. 3). This fact proves that the two cases do not 
correspond well to each other, which was originally 
assumed. The reason is that electromagnetic coupling 
effects between the horizontal wire and the structure LPS 
are quite significant. 
 



In the case of no channel present (Fig. 3) the peak value 
of the current observed in the down conductor located 
directly under the strike point was also higher compared 
to the vertical channel (Fig. 3). This fact might be 
explained by numerical inaccuracy related to the location 
of the current source close to the considered LPS. These 
effects require some further analyses. 
 
4 - CONCLUSIONS 
 
The analyses of influence of lightning channel position 
and length on the current distribution in the LPS of a 
building have been presented. The analyses were based 
on results of numerical calculations obtained using 
electromagnetic field theory approach and on laboratory 
measurements with scaled models of a building. 
 
It was shown that the current distribution in the building 
LPS is dependent on the position of the wire, which 
represents a lightning channel. This dependence is also 
influenced by the strike point, being less pronounced for 
the strike point at the corner and more pronounced - for 
the strike point at the shorter edge of the air-termination 
system. Generally the difference observed in 
measurement results obtained for horizontal and vertical 
wire positions was not higher than about 9 % of the total 
surge current. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The calculation results show that the dependence of the 
current distribution in the building LPS on the length of 
the vertical wire, which represents a lightning channel is 
even less pronounced. Moreover it is practically limited to 
the channel length of about 100 m. 
The difference between peak values of currents 
observed in the down conductor located under the strike 
point for 100 m and 0 m wire length was about 4 % of the 
total lightning current. Further increase of the lightning 
channel length, up to 2000 m, practically does not 
influence the current distribution in the LPS. 
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