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ABSTRACT 

The accurate information about lightning current 

distribution in lightning protection system of structure is 

very important for the protection of equipment and safety 

for persons. This paper presents the results of 

measurements on laboratory models and numerical 

calculations of lightning current distributions in lightning 

protection system and construction elements of large 

industrial and trade halls. Theoretical analyses were 

performed based on electromagnetic fields theory and 

circuits methods. 

1 INTRODUCTION 

During direct strike to LPS (Lightning Protection 

System) of a building the surge currents flow through the 

ait-termination systems and down conductors into the 

earth. In this case the exact analyses of risk require 

information about surge current distribution in lightning 

protection system or in conductive elements of the 

building.  

Based on this information it is possible to qualify: 

• potential differences which might lead to flashover

between conductors of lightning protective system 

and other metallic elements or installations inside the 

structure, 

• transient step and touch voltages, dangerous for 

people inside and outside this structure, 

• peak values and waveshapes of electric and magnetic

fields intensities inside the structure that affect

directly various electronic devices or systems,  

• voltage and current surges induced in low-voltage 

power systems and in signal transmission systems 

inside the structure.  
Therefore, the accurate information about surge currents 

distribution in LPS is very important not only for the 

protection of building against lightning strike but also for 

electromagnetic compatibility and safety for persons.  

Taking these facts into account, this paper presents the 

investigation of surge currents distribution in LPS during 

direct lightning strike to large buildings like industrial or 

trade halls with different earthing systems.   

2 SURGE CURRENT DISTRIBUTION  

Surge current distribution was evaluated in laboratory 

conditions on scale models of LPS and using 

mathematical models of this phenomenon.  

2.1 Laboratory measurements  

In laboratory measurements the surge currents flowed 

from generators to models and next by additional wires 

back to generators [3]. In this situation the tests models 

were always subject to magnetic fields associated with 

the currents in return conductors. Reduction of this 

influence was obtained by multi-return paths so arranged 

that the incidental magnetic fields summate to zero in the 

regions of tests models. The surge current is introduced 

into the model with straight vertical wire, which 

simulated the lightning channel.  

In the model measurements the simulations of natural 

conditions were very important. During direct lightning 

strike the charge is transferred to the ground and building 

is in space without the return path currents.  

In laboratory measurements the surge currents flow from 

generators to models and next by additional wires to 

generator. In this situation tests models are always in 

magnetic fields associated with the currents in return 

conductors.   

Reduction of this influence was obtained by multireturn 

paths so arranged that the incidential magnetic fields 

summate to zero in the region of test model.  

A shematic diagram of such arrangement is presented in 

Fig. 1. 

In the measuring system the original sizes of building 

conductive elements or LPS and time parameters of 

“double-exponential” lightning current were reduced by  

1 : 72. The surge current was introduced into the model 

by the straight vertical wire simulated the lightning 

channel. The return paths of the currents were the 

conductive wire nets of rectangular prism.  

The tests of surge current distribution were carried out in 

models of large industrial and trade halls. 

30th International Conference on Lightning Protection - ICLP 2010
(Cagliari, Italy - September 13th -17th, 2010)



1112-2

Figure 1. The measuring system 

The following conditions were considered: 

• in models the fundamental segment simulates the 

structure with the base 24 m x 12 m and heights 12m,  

• the strike points were assumed in different points of 

LPS or conductive element of structure. 

Some example of surge currents distributions in vertical 

and horizontal elements of simple models was presented 

in Fig. 2.  

     

Figure 2.  Surge current distribution in conductive elements of 
structure  

The values of currents in percentages were obtained by 

relating the peak values of currents in elements to the 

peak value of the total surge current, which was 

introduced to the models. 

The results showed that the most irregular current 

distribution was observed during the “strike” into the 

corner or other protruding elements of halls.  

In these cases the peak values of currents in vertical 

elements (wires, pillars)  under the striking points were 

on average 1,5 - 2 times greater  compared to the currents 

under the striking points on the roof areas.   
In laboratory measurements the earthing roods 

connected to the down conductors were simulated with 

resistances R.  

The influence of these resistances on surge current 

distributions in conductive elements of is presented in 

Fig. 3.  

Figure 3.  Surge current distribution in conductive elements of 

structure for different values of earthing rods (the values of 
currents in % to the input current Iu as 100%) 

2.2 Theoretical calculation  

Theoretical calculations of lightning current distribution 

in LPS are based on the simple circuit theory and fields 

theory approach. 

In circuit models, the conductive elements of station are 

represented with an equivalent network consisted of 

lumped and/or distributed elements so that to account for 

electromagnetic couplings and propagation phenomena. 

The main disadvantage of this method is that the 

inductive and capacitive couplings have to be determined 

on a preliminary basis, by considering the studied 

configuration as a network of linear cylindrical. Then the 

superposition of the coupling effects should be applied. 

This becomes quite troublesome if it is necessary to 

simulate systems of relatively complex geometry or with 

the presence of both aboveground and underground 

structures. 

The field theory approach is based on numerical solution 

of electric field integral equation in frequency domain. 

The investigated structure can be represented as an 

appropriate network of conductors partitioned in short 

segments. A linear current distribution along a segment is 

assumed. Hence, the segments must be short enough to 

ensure good sinusoidal approximation for current 

distribution along the conductors. This is valid for 

segments at least a few times shorter than the wavelength 

corresponding to the highest analyzed frequency [7].  

For calculation of unknown currents in the segments, 

linear equations are formulated [7, 11] based on:  

• boundary conditions at the surface of the conductors 

using the two-potential moment method,  
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• 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 the superposition rule. The numerical 

calculations were carried out using HIFREQ [7] and 

FFTSES [9] programs, which are parts of CDEGS 

software package. HIFREQ [10] allows for calculation of 

electromagnetic quantities in frequency domain and 

FFTSES is used for transformations between time and 

frequency domains. In calculations, the lightning return 

stroke was represented by a lumped current source. The 

surge current 100 kA (peak values) and shape 10/350�s was 

used for simulation the first lightning stroke (Fig. 2a) and 

was described by typical equation: 
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where:    I = 100 kA , η = 0,930 τ1 = 19 µs, τ2 = 485 µs,  

               t – time. 

Analogous to measurements, calculations were realized 

for object about dimensions 48 m x 12 m x 12m and  

48 m x 24 m x 12 m.  

In calculation down conductors were connected to simple 

earth electrodes (Fig. 4b.). 

a)                                                               b) 
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Figure 4. Earth electrode and the shape of surge current 

The values of earth with resistivity were changed from 

50�m to 500 �m.  Some examples of surge current 

distribution in simple arrangement of LPS are presented 

in Fig. 5, 6 and 7. 

The values of current in conductive elements are 

described in % to the input current Is as 100%.  

Application of earth electrodes in mathematical models 

of LPS change the current waveshapes in individual 

vertical conductors in comparison to the current 

introduced to the model. In next step, this LPS was 

investigated in circuit theory approach using PSPICE and 

EMTP. 

The shapes of currents in vertical conductive elements of 

structure are presented in Fig. 6. 

Figure 5. Surge current distribution in conductive elements of 
structure with earth electrodes (in brackets results from simplify 

calculation using circuit theory) 

a) 

b) 

c) 

Figure 6. Currents in vertical conductors of LPS; a) model of 
the structure, b) shapes of currents in vertical wires (fields 

theory approach), c) shapes of currents in vertical wires (circuit 

theory) 
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a) 

b) 

c) 

d) 

Figure 7. Currents in vertical conductors of LPS; a) model of 
the structure, b) shapes of currents in vertical wires (fields 

theory), c) shapes of currents in vertical wires (circuit theory) 

In calculation the earth electrode resistances of the metal 

conductors in concrete foundation legs are considered 

using formula:  

3
57,1 V

R

⋅⋅

=

π

ρ

where: V – volume of the foundation (Fig. 4b).  

Results of calculation based on the circuit and field 

theories are compared in Fig. 5, 6, 7.  

For simple earth electrodes connected to the down-

conductors the results obtained from fields theory have a 

good agreement with these from circuit theory. 

Figure 8. Surge current distribution in conductive elements of 

structure with earth electrodes (in brackets results from simplify 

calculation using circuit theory) 

Next, the calculations were performed for the models 

with dimension 48 m x 12 m x 12m and with the 

following earthing systems:  

• simple earth electrodes with additional ring earth 

electrode around the structure buried at 0,6 m (Fig. 9), 

• simple earth electrodes with additional ring 1 m above 

the earth (Fig. 10), 

• simple earth electrodes with ring conductor and 

additional meshed earth electrodes circa 5 x 5 m in 

the earth inside the structure (Fig. 11). 

Figure 9. Surge current distribution in conductive elements of 

structure  
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Figure 10. Surge current distribution in conductive elements of 
structure  

Figure 11. Surge current distribution in conductive elements of 

structure with additional meshed earth electrodes 5 m x 5 m 

The calculations were performed for earth with resistivity 

50 �m and 500 �m. 

It was shown that, during lightning strike to the corner  in 

arrangements with simple earth electrodes connected to 

down conductors, the surge current in vertical conductor 

under the strike point decreased 2 times when the earth 

resistivity was changed from 50 �m and 500 �m.  

Additional ring electrodes in earthing systems showed 

that the changes of current values in vertical conductors 

under the strike points are not large. and current peak 

value in each vertical conductive elements achieved 

similar values. 

3 CONCLUSIONS 

In designing of lightning protection system of structure, 

the lightning current distribution is one of the main 

essential parameters. The paper presents the results of 

surge currents distributions in lightning protection 

systems or conductive construction elements of structures 

obtained from laboratory measurements on models. The 

validation of proposed measurements has been carried 

out with calculation results.  

Calculations were based on the field’s theory approach 

taking into account different arrangements of earth 

electrodes connected to the vertical conductive elements.
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