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Abstract – This paper deals with investigation of safety 

for lightning protection of high structures. It has been 
also put forth that rolling – sphere method have 
advantageous and disadvantageous of have been 
analysed. Designing an air-termination system has 
shown that the graphical method of the "rolling sphere" 
is a powerful analysis in studying globally the 
interactions both among the structures on the roof of the 
same object and among the structures of surrounding 
technological installations, and constructions. 
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1. Introduction 

  Nowadays there are many high structures like 
buildings, telecommunication towers, minarets, 
chilling towers, base station towers for mobile devices, 
etc. around the cities, and also urban areas. All of them 
need to have a safe protection from devastating 
lightning currents [6, 10]. In order to make necessary 
protection for lightning strokes, several standards have 
been developed. The IEC 62305 standard defines the 
classification of the individual lightning protection 
system and stipulates the resulting lightning protection 
[3].  

 
 It was stated [1] that the internal protection against 

lightning overvoltage of an appliance including a 
special protection device showed that solution method 
of prepared models of elements was quite proper. It is 
inferred from several practices that lightning 
protection must be done as internally and externally.  

 
  It was stated [5] that the criterions for reducing 

physical damages and life hazard due to direct 
lightning flashes should be followed discussions on. If 
the lightning threats, all risk events estimated, the 
consequences of the risk events determined are above 
a tolerable level of risk, protection measures are 
applied to reduce the risk to below the tolerable level. 
Mazetti and Flisowski explained the lightning hazard 
to a structure and its assessment as a risk due to 
lightning damages in their work [7]. 

 

  The lightning protection system ought to be 
configured to guarantee the capability to intercept and 
conduct the lightning of the selected protection level 
according to the joined range of values of the lightning 
currents. In order to reduce the probability of damage 
due to lightning current flowing in the lightning 
protection system, the down–conductors shall be 
arranged in a way to form the way from the point of 
strike to earth. In an industrial building, the 
interactions among the structures allow to design a 
reduction of   the actual maximum value, reference of  
the flowing current in the down–conductors [2, 7]. The 
installation of down–conductors as many as possible, 
at equal spacing around the perimeter interconnected 
by ring conductors, reduces the probability of 
dangerous sparking and facilitates the protection of 
internal installations [8]. That is the geometry of the 
down–conductors and of the ring conductors affects 
the separation distance of electrical insulation between 
the external protection components and other 
electrically conducting parts. 

 
 The rolling sphere theory is known as the best 

design procedure for air termination systems. It was 
stated a modification for positioning air terminals 
using rolling spheres method against lightning 
protection of buildings in his proceedings [8]. A model 
was proposed based on lightning attachment physics in 
[9].  

 
  In this study, it has been inspected the proposition 

to novel safety of a lightning protection system for 
high structures. The efficiency of the lightning strike 
interception as a first step for this study seems to be 
the most important. Some of the advantageous features 
of the “rolling–sphere” protection have been shown. 

2. Electrogeometric Model of Air Termination 

 For lightning flashes to earth, a downward leader 
grows step-by-step in a series of jerks from the cloud 
towards the earth. When the leader has got close to the 
earth within some tens of meters, the electrical 
insulating strength of the air near the ground is 
exceeded. An additional leader similar to the 
downward one begins to grow towards the head of the 



310                                                                                                                                       TEM Journal – Volume 2 / Number 4 / 2013. 
 www.temjournal.com 

downward leader. The upward leader defines the point 
of lightning strike [4].  

 
  The starting point of the upward leader and hence 

the subsequent point of strike is determined mainly by 
the head of the downward leader. The head of the 
downward leader can only approach the earth within a 
certain striking distance. The distance is defined by the 
critical value of electrical field strength of the ground 
as the head of the downward leader approaches.  

 
   The electrical 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 guard wires 
and large upright steel tower-like structure (pylons) 
were used as the basis for the so-called electro–
geometric model [4, 7]. This is basis 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.  

 
   A rolling sphere can touch not only the steeple, but 

also the nave of the mosque at several points. The most 
exposed zones are visible on the roof: tomb, minaret 
tower, a central high block and the steeple in the front, 
critical mark zones for the case study. All points 
touched are potential points of strike.  

 
There exists proportionality between the peak value 

of the lightning current and the electrical charge kept 
in the downward leader. Moreover, the electrical field 
strength of the ground as the downward leader 
approaches is also linearly dependent on the charge 
stored in the downward leader. Thus, there is a relation 
between the peak value of the lightning current and the 
final striking distance. This is radius of the rolling 
sphere, and is given in following equation. 

 
                               65.0*10 Ir =                         (1) 
 
where:  r in meter, I in kA.   
 
Taking as a basis the hypothesis of the electro–

geometrical model that the head of the downward 
leader approaches the objects 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 
any arrangement to be inspected. Carrying out the 
rolling sphere method requires a scale model of the 
building / structure to be protected, which includes the 
external counters and, where applicable, the air 
termination system. Including of the surrounding 

buildings and objects is necessary for the location of 
the object to be investigated. 

 
   Furthermore, a true-to-scale sphere is required 

according to the class of lightning protection system 
with a radius corresponding to the final striking 
distance. The radius r of the rolling sphere must 
correspond to one as given in the formula. The centre 
of the “rolling sphere” used corresponds to the head of 
the downward leader towards which the respective 
upward leaders will approach. A graphical simulation 
could be executed by rolling the spheres with a 
variable radius related to the proper or mutual 
protection level, for the class of each structure and 
objects of the building [7, 2]. Figure 1 shows a model 
spheres surrounding structure. Figure 2 shows two 
rolling spheres at the structure. 

 

 
Figure 1. Model for a 3D simulation of an object with the 

surrounding structures 
 
 It is shown that how rolling sphere analysis is made 

in Fig. 1 and 2. 

 
Figure 2. Presenting two rolling spheres at top of high 

object 
  The “rolling sphere” is now rolled around the 

object under examination and the contact points 
representing potential points of strike are marked in 
each case. The “rolling sphere” is then rolled over the 
object in all directions. The naturally protected zones 
resulting from the geometry of the object to be 
protected and its surroundings can also be seen. 
“Rolling sphere” is traced to the fact that, among other 
things, in the event of multiple lightning flashes, the 
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base of the lightning flash moves because of the wind 
conditions. Consequently, an area can come up around 
the point of strike determined where lightning strikes 
can occur.     

  In designing the air-termination system the 
interception criterion is to adopt the minimum 
prospected value of lightning assigned to the lightning 
protection system class that fixes the radius of the 
more penetrating sphere. The interception profile could 
be shown in the structures and buildings’ roof plans 
and as an "intercepting mark-map", zones of all the hot 
points traced by the rolling-sphere contact of the 
correspondent lightningprotection level. 

   It is known that the rolling sphere method is the 
best model for protecting buildings, to verify the 
behavior of the air termination system, to estimate the 
lightning current ratio flowing in the down conductors 
from lightning. Generally designers use 2 dimensional 
graphical analysis for lightning protection system.  

 
  The most exposed zones are visible on the 

roof.There are four towers, a central high block and the 
vertical pylons in the front, and critical mark zones for 
the case study. Lightning current (IM), corresponding 
to radius (r) in the rolling spheres are shown in figure 
2. The rolling spheres are located in towers of a central 
structure block. 

 
  The graphical analysis allows studying the air 

termination system behavior to the maximum values of 
the lightning current according to the protection level 
(Table I). This table will highlight the contribution of 
the higher structural parts, the fitting installed rods and 
the objects like mobile telephone base stations (GSM), 
pylons of high voltage lines, etc. and very complicated 
from space which they have. It can be said for them 
that their geometries are very complex.  

 
  Parameters of the maximum lightning current IM 

for the different lightning protection levels are listed in 
Table 1, extracted from Table 5–6 and 7 of IEC 
62305–1. 

 
Table 1. Maximum and Minimum Values of Lightning 
Parameters According to Lightning Protection Levels. 

 
Lightning 
Protection 
 Level 
 (LPL) 

Maximum 
lightning for 
conduction 

Minimum lightning 
for interception 

Limit values  
of the 
lightning 
currents Maximum 

peak current, 
IM (kA) 

Minimum 
peak 
current, 
IM (kA) 

Rolling 
sphere 
radius,   
r (m) 

Max.  
 values 

 Min.   
 values 

I 

II 

III 

IV 

200 

150 

100 

100 

3 

5 

10 

16 

20 

30 

45 

60 

0.99 

9.97 

0.91 

0.84 

0.99 

0.98 

0.97 

0.97 
 

 From Table I, if lightning current maximum value is 
3 kA, then rolling sphere radius (r) might be 20 m [4]. 
The maximum value of lightning current strokes 
generally on the central area and on the zones of the 
airtermination system, it comes partitioned from the 
meshed interconnections among the rods and meshed 
conductors, and it is reduced to a prospected current of 
kC*IM and arrives at the roof ring conductor and so at 
the down–conductors. 

  To determine the protected volume on the roof of 
each structure and building, considering the needs to 
install technological equipment, the analysis could be 
made also as shown in figure 3. 

 

Figure 3. Rolling plies on a section of the structure as 
modified by the air-termination system. 

 
 The prospected stroke I, is close to nearby the 

generic downconductor, correspondent to lower sphere 
of critical radius that could stroke on the ringconductor 
of the roof borders (figure 3). The lowest current value 
is to assume as the IDC prospected flowing in the 
downconductor. The ratio IDC /IM could be adopted to 
define the safe gap as given in following formula 

 

             )/( MDCg IIIs −=               (2) 
 

on the prospected performance of the lightning 
protection system class. The actual current flowing 
from the ring conductor on the roof in the down-
conductors affects the probability of dangerous 
sparking and the separation distance for the protection 
of internal installations.  
 

  The suggested method, based on the rolling sphere 
method, provides the possibility to use a lower value 
for the maximum prospected first short current 
considering the contribution of the surrounding 
structures. In reference to the relevant study-cases 
(stroke nearby the generic down-conductor and critical 
situation for the lightning stroke exposition) and 
considering the surrounding structures, the air 
termination system will transfer lightning current(s) as 
maximum lightning current IDC lower than the 
maximum peak value IM of the selected protection 
class to the downconductors. 
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3. Study Case on a Complex of Structures  

  A 3D study of the "rolling sphere" method is being 
applied on some high building complex, regarding to a 
class I LPS for protecting them against destructive 
lightning currents. The graphical analysis is defined 
for the highest peak value of the lightning current as 
given by the IEC 62305–1 art.A.4, and for the 
maximum prospected current evaluated considering 
partitions due to the meshed air-termination system 
and the limit given by the surrounding structures. 

  On the basis of a 3D simulation as above of the 
complex of structures, applying the rolling sphere 
method, has been defined an original mark–map in 
order to position the air-termination system, 
downconductors and existing from natural in the 
structure. According to the interception criterion, the 
adopted radius for the rolling sphere has been equal to 
20 m corresponding to the lowest lightning current of 
the class I LPS, 3 kA. The rolling spheres place at 
building roof as three plies considering the positioning 
of the air termination system for stroke of a lightning 
current.  

  The resulting positioning of the air-termination 
system provides a protection against direct lightning 
impact up to the 99% of the prospected lightning 
current values. Then, the lightning protection system 
has been verified for the maximum value of the 
lightning current, class I, giving a mark-map of all the 
critical zones of rolling-sphere contact, using a small 
radius in meters. Figure 4 and also 5 shows the steeple, 
contact zone for a lightning current on the structure. 
These critical zones are exposed to the maximum 
lightning impact and they should be considered when 
dimensioning down–conductors and evaluating the 
separation distance. For the maximum lightning 
current two relevant cases can be considered: 

 
– Prospected current on the down-conductors for the 

lightning impact on the critical zones of the 
airtermination system. 

 
  The maximum lightning current of the lightning 

protection system (LPS) class will be prospected 
stroking on the critical zones and in general on the 
middle area of the air-termination system, however a 
reduced lightning current kc*IM could be prospected 
on the down-conductors coming from the meshed  
interconnections of the air-termination system, 
properly designed. 

 
– Prospected current on the down-conductors for the 

lightning impact on the roof ring conductor and the 
relevant bordering zones of the air-termination system. 

 
  Owing to the interactions among the buildings of a 

complex, the sphere of the maximum radius rolling on 

the building that could stroke the roof ring conductor 
and it is not intercepted by a near other building 
defines the actual lightning value. The highest value 
characterizes as reference the current flowing in the 
downconductor. 

  It was stated in the book [4] that if lightning current 
value (I) would become 88 kA, then rolling sphere 
radius (r) might be 184 m. In order to determine the 
effective prospected ratio of the maximum IMof the 
selected lightning protection level (LPL), a mark is put 
on the right corner of the building. So, it would be a 
relevant border zone as the facing structure is 
relatively farther or lower than the other surrounding 
buildings. 

  In order to protect an airtermination system which 
was established between two rolling spheres at top of 
the building, two rolling spheres must be placed to 
cover the roof of the building. This placement can 
provide an effective protection for an airtermination 
system between two rolling spheres. It also protects the 
building from devastating lightning currents’ effects. 

  In synthesis, the air-termination system designed 
complying with the interception criterion, has to be 
analysed marking its critical zones and consequently 
has to be configured increasing the interconnections as 
much as possible partitioning the actual lightning 
current in the down-conductors. In this case, a meshed 
air–termination system is configured to obtain for the 
border zones with high strike exposition, a coefficient 
kc ≤ 0.44,  corresponding to a partition of  the 
maximum current, in level I lightning protection 
system (LPS), prospecting a reduced value equal to 
kc*IM = 200*0,44 ≤ 88 kA.  Assuming this reduced 
value like the effective higher lightning current 
flowing in the down–conductors, it defines the radius 
as 184 meters, using a rolling sphere, it has to be 
verified if it could be assumed as the radius of the 
maximum sphere stroking on the ring conductor of the 
roof considering the interferences of the surrounding 
structures. This analysis has confirmed the prospected 
value of the current. The analysis has marked another 
relevant zone (RZ) that is the boundary zone near the 
left tower, shown in figure 3, because it is facing 
through large utility structural areas.  

4. Conclusion 

In designing an air-termination system the graphical 
method of the "rolling sphere" is a powerful analysis in 
studying globally the interactions both among the 
structures on the roof of the same object and among 
the structures of surrounding technological 
installations, and constructions. It allows to design: 

 
– the interception mark–map as a basic integrated 

lay–out for positioning the air termination system of 
the structure block,  
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– the mounting of airtermination system from the 
roof to ground, 

 
It also makes specialists to: 
 
– verify the virtual surfaces (rolling plies) which 

determine the volumes protected available for 
technological equipment such as telecommunication 
units and devices, 
– appraise the lessened maximum lightning current 
that could strike the ring conductor, border of the air-
termination. 
 
 

It is inferred that a rolling sphere must be rolled 
on/over the structure, and also touch both of the 
ground and air-termination system. This geometric 
application provides a protection where direct 
lightning strikes are not possible. The more 
protectionagainst direct lightning strikes, the higher 
air-termination rods reaches.    
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