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The main advantage of using metal roofing systems is durability, efficiency, fire safety. 
The highest level of fire hazard of a technical structure can arise from a direct lightning strike. 
Of practical interest is the electrophysical problem associated with the assessment of the 
electrothermal resistance of thin-walled sheet coatings made of stainless steel of the outer roof 
of high-rise technical structures to the direct effect of the aperiodic current impulse of a short 
lightning strike of a temporary shape of 10/350 μs. 

Thermal damage to metal and insulating (composite) elements of the roof in places of a di-
rect lightning strike in them is due to the presence of an intense heat flux in the plasma channel 
of a lightning discharge [1]. The density gL of the heat flux in the lightning channel, acting on 
the investigated steel coating TO, is determined by the current density gL in it (the channel) and 
the voltage drop Uac in the near-electrode zone of the plasma channel of the considered high-
current discharge. To estimate the value of the density gL of the heat flux, one can use the fol-
lowing approximate relation [2]: 

  

acLL Ug ⋅δ= ,  (1) 
 

where Uac is the value of the near-electrode voltage drop in the area of the steel coating, which 
plays the role of the cathode in the two-electrode system (DES) at a given positive polarity of 
the lightning current.  

In accordance with the experimental data presented in [2], the value of Uac for the main 
conductive materials varies in a rather narrow range, ranging from 5 to 10 V. With regard to 
the steel coating-cathode under consideration, the value of Uac is numerically about 6, 1 V. 
Then, taking into account (1) for the amount of heat Q entering the steel covering during a 
direct lightning strike into it, the following calculated ratio can be written:  
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where  qL= ∫
∞

0

)( dttiL  − the amount of electrical charge of positive polarity from the lightning 

plasma channel flowing through the steel coating. With an integrated approach to the 
electrophysical problem we are considering, it is important for specialists to navigate the 
numerical levels of temperature arising in high-current air spark discharges of lightning and 
directly affecting the external elements.  

For a low-temperature plasma of a high-current air spark discharge of lightning at times 
t≤tmL, the condition of its non-isothermality is fulfilled, at which the maximum temperature Tme 
of electron current carriers in it (plasma) exceeds the maximum temperature Tmi of ionic 
current carriers (Tme>Tmi) [2]. In fig. 1 shows the result of the effect of artificial lightning 
current on a roof sample. 
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fig. 1 The results of the electrothermal effect of a normalized aperiodic current pulse of 
artificial lightning with a temporal shape of 15/315 μs with an amplitude of ImL≈184 кА 

on an experimental thin-walled (h = 1 mm) roof sample made of stainless steel grade 
12X18H10T 

 
From the data in Fig. 1 that the direct impact on the experimental sheet sample of stainless 

steel roofing with a thickness of h = 1 mm of the normalized aperiodic current pulse of artifi-
cial lightning with a temporal shape of 15/315 μs with an amplitude ImL≈184 кА (qL≈81,3 Кл; 
JL≈7,88·106 А2·с), formed in the discharge circuit of the GITM-10/350, leads to significant 
thermal damage only to its (sample) outer surface in the rounded zone of attachment to it of the 
cylindrical channel of a high-current air spark discharge by a simulated lightning at the stage of 
its short strike. 

 The results of estimated, calculated and experimental studies of the electro-thermal 
resistance of prototype sheet samples of an external roof with a plan size of 500 x 500 mm 
made of stainless steel with a thickness of h = 1 mm to a direct impact on them in air 
normalized according to the international standard IEC 62305-1-2010 aperiodic artificial 
lightning current impulse indicate that the investigated thin-walled steel samples are subject to 
local surface thermal damage, and as a result, can lead to the ignition of heat-insulating 
materials located directly under the outer roof. 
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