
 

 
Abstract: The humanity has been in constant 

struggle with natural forces since ancient times. In 
this struggle, the protection of artificially created 
objects has played a prominent role and 
nowadays, one of its main areas is the lightning 
protection of structures. Today, it is based on a 
state-of-the-art risk analysis method based on 
exact mathematical methods, based on which 
general guidelines, rules, and regulations can be 
formulated. Lightning protection risk analysis 
calculates and contains the specific lightning 
protection adequacy of the concrete structure, 
taking into account the parameters of buildings 
and their installations (e.g. lightning protection 
installations, cables, flooring etc.). The scope of 
my research is to identify the relationships 
between output parameters determined by the 
input parameters based on the current standards 
and the identification of the risks by their analysis 
in the different types of buildings. Other scope is 
to identify effect of variable input parameters to 
output parameters of observed basic 
constructions. 

 
Index Terms: Structure, structure safety, danger, 

lightning protection, safety instructions   

1. INTRODUCTION 

umanity has long been feared by lightning, 
making this area of electricity one of the 

oldest areas of engineering science. The interest 
in lightning is at the same time as the fear of it. 
Even the ancient Greeks were thinking a lot 
about the causes of lightning. They also had the 
knowledge of electro-technology that we still use 
in the technical field. In ancient times, scientists 
of the time also observed basic relationships 
(e.g.: discovery of Thales magnetism [1][2]), 
which are related to the topics, problems (e.g. 
electrostatic charge, discharges, etc.) of the 
subject under study. This kind of powerful, 
frightening physical "force" has appeared in 
mythology (e.g. on the side of Zeus as lightning 
strikes) [3][4], as well as in various arts and 
religions.  
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Ever since Benjamin Franklin invented the 
lightning rod [5][6], we have been able to protect 
various buildings (such as condominiums) and 
thus human life from lightning. He first identified 
and proved that lightning is actually a "large 
spark", an electrical phenomenon. Due to global 
warming, the number of lightning strikes also 
increasing [7]. The lightning protection systems of 
buildings are designed and implemented for the 
protection of human life and property. Based on 
the detailed research objectives defined later in 
my research plan, I set out a research direction to 
prioritize input parameters for lightning protection 
risk management of buildings in relation to 
typifiable buildings with a significant human 
population (e.g. condominiums, hospitals, 
schools, etc.). I do this activity based on the risk 
computing IT program I have written. This 
program calculates the lightning protection risk 
components using the current standard's 
calculation method and then aggregates them. 

2. FORMULATION OF THE SCIENTIFIC PROBLEM 

It is generally believed that it is enough to 
protect against lightning with a lightning rod. 
While 50-100 years ago this was really enough, 
because at that time we did not have the 
electrical equipment that sometimes needed 
special protection, so today only the lightning rod 
is not enough. At that time, it was enough to 
protect against fire caused by lightning by 
external protection, but this is not enough 
nowadays either, because of the need for 
individual protection of electrical devices and 
equipment inside the building [8]. While in the 
past our environment consisted of relatively few 
components (e.g.: building, heating system, 
energy supply), by now our artificial environment 
has become much more complex, thus making 
lightning protection risks more complex. At the 
same time, the earlier standard, with its simpler 
calculation methods, kept pace with the state of 
the art and technological development for some 
time, but after a while, it was no longer suitable 
for this, so MSZ1 EN 623052 came into force [9]. 

 
1 MSZ = Magyar Szabvány = Hungarian Standard 

 

2 62305 = Standard of Lighning protection 
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In my opinion and in my research, theoretical and 
practical experience confirm that in the case of 
an object under investigation, we have to 
consider the effect of several parameters at the 
same time, and we have to take these effects into 
mathematical precision in risk analysis and risk 
calculation. The more complex a building is, the 
more parameters are taken into account when 
calculating risk. The high number of parameters 
can also make the design and construction of the 
lightning protection system of the building 
considerably more difficult, therefore knowing the 
priority order of the existing unique parameters 
specific to the given building can reduce its 
complexity. As a concrete practical benefit of my 
prospective research results, as the building is 
being designed, during the lightning protection 
design phase, there will be visible points to which 
the use of lightning protection solutions, which 
are almost irreplaceable afterwards, will be 
avoided.  

Based on the above, my research area covers 
the lightning protection risk analysis of buildings, 
with special regard to the different general and 
specific parameters and their changes. 

Due to the scientific problems, my research 
objectives are: 

- Grouping of input parameters 
- Focusing on the strong3 group, identification 

of extremely strong parameters 
- Lightning protection for non-metallic body 

vehicles 
- Detection of possible shortcomings in the 

future draft standards 
 
In this article, I will describe my research to 

achieve my first two goals, while the details of my 
work on further points will be presented in my 
doctoral dissertation in the future. 
 

2.1 Hypotheses 

The research hypotheses were determined on 
the basis of the technical, economical, and 
construction problems encountered in the design 
of lightning protection of buildings. After 
processing the existing standards, I have several 
technical issues. Based on the above, I set up 
the following hypotheses: 

 
Hypotheses 1: 

Not all input parameters can affect output 
equally, so can they be grouped into strong and 
non-strong category? 

 
Hypotheses 2: 

If yes, can some parameters be identified as 
priority within a strong group? 

3. THE RESEARCH PROCESS 

3.1 The Standard 

The first lightning protection standard in 
Hungary was MSZ 274, published in 1952. This 
standard has been updated and expanded every 
10 years, most recently between 1979 and 1982. 
In Hungary at that time the application of 
standards was mandatory, but accession to the 
European Union brought about a change. 
According to a European Union directive, the 
application of Community standards (EN) is 
voluntary, so the question arises as to how the 
application of this principle in practice affects the 
lightning protection national standard (MSZ1) and 
how it has been affected by the change. The BM4 
decree 2/2002 (I. 23) incorporated the content of 
MSZ 274 as the applicable rule, thus making the 
application of these lightning protection rules 
mandatory. The mandatory application of the 
current lightning protection standard (MSZ EN 
62305) was prescribed by BM Decree 28/2011 
(IX. 6) of 2011. The lightning protection according 
to the old system is not a standard system, the 
new system designed and built according to MSZ 
EN 62305 is already called the lightning 
protection standard. My research is also based 
on the requirements of this new standard. 

Defining the concept of risk is not a simple task 
and varies from one area of expertise to another. 
In the case of structures, it is possible to identify 
specifically what external influences may affect 
their proper functioning (e.g.: earthquake, 
lightning strikes, etc.). Exposure to buildings and 
the likelihood of negative events may be 
considered as risks. Alternatively, the term 
"Impact of uncertainty on goals" can be 
understood as a risk [10]. 

The lightning protection requirements for the 
building are contained in the standard MSZ EN 
62305, which currently consists of four parts 
(figure 1). The specific risk calculation method is 
described in document 62305-2 [9]. 

 

 
Figure 1: MSZ EN 62305 Standard 

 
The standard defines four possible risks for 

lightning strikes: 
- Risk of loss of human life   (R1) 
- Risk of Public Service Failure (R2) 

 
3 Strong parameter: parameters whose unit changes have a 

decisive influence on output 
4 BM = Belügyminisztérium = Interior Ministry 
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- Risk of loss of cultural value  (R3) 
- Risk of Economic Damage  (R4) 
 
Of these four factors, I consider risk 

management, calculation and analysis of loss of 
human life (R1) as the basis of my further 
research. The source of damage is considered to 
be the point where lightning can strike. The 
standard defines four possible points for the 
location of a lightning strike (figure 2) [11]: 
- Lightning strike to a building             (S1) 
- Lightning strike next to a building           (S2) 
- Lightning strike on a building connecting  

cable                  (S3) 
- Lightning strike to building connection lead (S4) 

 
Figure 2: Possible sources of lightning [11] 

 

3.2 Sensitivity Test 

Sensitivity analysis is used to analyze the 
effect of single unit changes in the input 
parameters (independent variables) being 
examined on the output (dependent variable). In 
this case, the independent variables are the input 
parameters defined by the standard and the 
output is the risk value R1. The test covers static 
and dynamic parameters. Static parameters are 
those variables whose values are fixed in a 
standard (e.g. location factor (CD) with values of 
0.25, 0.5, 1 or 2) or, dynamic variables are those 
parameters that can take any value. For the 
purposes of the standard, these are variables of 
length only (e.g. cable length, building height, 
etc.). During the test, a change in the value of an 
input parameter at a time is used to determine 
the output change, examined separately for each 
input parameter. At the end of the test, you will 
see if there is a parameter (strong parameter) 
which, with a small change in its value, will have 
a decisive influence on the value of the output 
(R1) lightning protection risk. I did my research 
with the program I wrote. 

 

3.3 Expected Results 

As a result of my calculation, I expect that the 
input parameters can be grouped into strong and 
non-strong parameters, respectively. Strong 
parameters should be able to identify an 
extremely important member that has a decisive 
influence on output. It’s important to highlight that 
sensitivity studies are based on types of buildings 
that are widespread in practice, where the 
recorded parameters have important determining 

economic roles. So, the results will also show the 
parameters about the practical usage if real life. 

 

3.4 Expected Recovery Areas 

In many cases, there is an obligation to build 
lightning protection at the end of building 
construction. By this time, the construction is in 
such a phase that in most cases it is not possible 
to install simpler, cheaper or less destructive 
components of the lightning protection systems. 
In such cases, the "ugly lightning rod" solution 
remains the common language. As a practical 
benefit of exploring strong parameters, if an 
engineer designing a lightning protection system 
already foresees the "weak points" of a building, 
he can make a suggestion before the 
construction to install and install components that 
are no longer available after construction begins. 
One such element may be, for example, a 
grounding net which must be installed in the 
ground. It is also economically useful to know the 
parameters beforehand, for example the lightning 
protection is decisively influenced by the type of 
roofing material, so it is possible to decide before 
construction that the roof is not made of 
combustible material (e.g. sandwich panel) but 
rather expensive but not combustible rock wool. 
But, in this case, installing cheaper lightning 
protection equipment is sufficient to provide 
adequate lightning protection. Another option is 
to use the building's natural invisible guides as 
lightning arresters before starting construction, so 
you can leave out the visible lightning 
conductors, which are not aesthetically pleasing. 
In order to discover, use and implement similar 
technical solutions, it is essential that the 
architect and the lightning protection designer 
work together from the design phase prior to the 
start of construction. Such engineering and 
technical issues require a degree of vision from 
the parties involved. 

 

3.5 Sensitivity Test Results 

The sensitivity study found that unit changes in 
the various input parameters do not affect output 
R1 (lightning protection risk) in the same way. A 
group of parameters has a minimal effect on the 
output value so that its value remains below RT =  
1 x 10-5, so the lightning protection of the building 
does not change. In contrast, I identified five 
parameters whose unit changes have a decisive 
influence on R1 output. These are: 

 
• rp    - fire protection measures 
• rf    - fire risk 
• LPS   - lightning protection level 
• hZ    - type of special hazard 
• L0 - Internal System Failure (only  
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in case of hospital and explosion 
dangerous building) 

 
Two of the five parameters (rf and L0) 

immediately raise the value of R1 above 1 x 10-5, 
removing the lightning protection of the building. 
Out of these five members, the other three 
parameters (rp, hZ and LPS) either raise R1 
immediately above 1 x 10-5 or already touch the 
25% (0.750 – 1.000 x 10-5) security range. It is 
the task of the lightning protection designer to 
determine the amount of lightning protection that 
he or she is considering for certain buildings. 
Experience has shown that this ranges from 20% 
to 25%. Research results of the researched topic 
on this building, respectively. For other types of 
buildings, the detailed presentation, processing, 
elaboration and finalization of the proposals will 
be specifically described in my future 
dissertation. 

 

3.6 Applications 

Knowing the strong parameters revealed by 
the sensitivity test will be of great help to the 
building designer (architect) and at the same time 
to the lightning protection designer. With the help 
of the identified parameters, it is possible to 
design and implement a cheaper, simpler and 
less architectural lightning protection, which does 
not damage the view from the architectural point 
of view. As a result of such calculations, it is 
possible to gain experience on the type of 
building that can be estimated at what LPS level. 
For all architects, the view is of paramount 
importance, so even before construction begins, 
it is possible to design "invisible" lightning rods on 
the design table instead of external (visible) 
lightning rods, taking into account the building 
down view of the building. 

4. CONCLUSION 

The terms defined by the standards are 
extremely complex in terms of lightning protection 
risk calculation. Generally speaking, when 
approaching mathematically, hazards and 
vulnerabilities are inversely proportional to 
security. This means that a low level of 
vulnerability is combined with a high level of 
security while a high level of vulnerability is 
combined with a low level of security. Therefore, 
it can be concluded that, in the technical sense, 
absolute security does not exist, only a decision 
with a specific level of risk, legally established for 
the object concerned, which implies the safe 
operation and operation of the basic function. In 
the case of specific objects, these parameters 
individually and mutually influence each other to 
determine the lightning protection risk of the 
examined building. Based on these, I consider it 

reasonable to develop a lightning protection 
based on a comprehensive risk analysis already 
in the design phase or in the case of a previously 
built object. 

According to my calculations during the 
present research, the examined 58 input 
parameters do not affect the output in the same 
way, so these can be divided into two large 
groups: 

• a set of strong parameters 
• a set of not-strong parameters 
There are 5 strong parameters that change the 

output and the result with a small change. Of 
these 5 parameters, 2 can be considered as 
priorities. I have identified a particularly strong 
parameter - namely the fire protection measures 
(rf) and the failure of the building's internal 
systems (L0) - which always increase the risk 
value of the tested building by one unit change 
immediately above the allowed RT limit. These 
large output changes are related to the fact that 
these parameters can take discrete values and 
these values are defined in the standard. 

In my opinion, the results based on my 
calculations provide useful assistance to the 
architect and lightning protection designer, both 
in the design phase of new buildings and in 
modernizing lightning protection systems in 
existing buildings. They support simpler lightning 
protection, faster and in some cases create a 
well-fitting image. Based on my research, it is 
possible to use the natural elements of the 
building on the design table to build invisible 
lightning protection on the one hand and to 
create a visual image that fits well with the 
environment. 
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