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Abstract. The paper considers the issues of strength of energy facilities” load-bearing metal structures
under the influence of acoustic waves produced by a lightning strike. The studies were carried out using
finite element test models of cantilever beams of various designs. The beams are loaded with the total load
of the beams' own weight and the shock wave produced by a lightning strike from a distance of 1 m from
the beams’ surface. Calculation results substantiate the necessity to consider the impact of thunder when
calculating the structure of energy facilities made of sheet metal. It was revealed that deformations and
loads in sheet metal structural elements at the time of a lightning strike from a distance of less than 1 m
from the structure’s surface may exceed the acceptable values for the yield strength of structural steels. As a
result of the work, recommendations were made on the location of the lightning rods and the need to reduce

the operational loads during a thunderstorm.

1 Introduction

On August 14, 2018, the Morandi Bridge overpass of the
A10 Genoa-Savona expressway in Italy, located within
the boundaries of Genoa, collapsed. According to
TG24COM TV channel’s witnesses, the incident
occurred after a lightning had struck the bridge. It is
obvious that the thunder that accompanies a lightning
strike and represents a sound wave of significant
amplitude is an additional load on all surfaces on the
waves’ path. It is obvious that this incident requires a
study for the impact of lightning on the elements of
critical structures and buildings. First and foremost,
those are the energy facilities that pose a significant
danger to humans and assure the operation of industrial
and civil facilities.

2 Materials and methods

Since the impact of thunder on structures is accidental
and the probability of destruction is small, there are no
experimental data on the effects of thunder on various
surfaces. Because of that, the strength calculations of
loaded elements of energy facilities and industrial
buildings and structures in combination of loads don’t
take into consideration the impact of a thunder’s shock
wave. There are separate works [1-9] in which the
features of the shock wave formation during a lightning
strike are studied. Considering the variety in the designs
of elements of buildings and facilities, numerical 3d
models of elastic cantilever beams were used to study
the shock wave. The beams were loaded once by
external pressure in accordance with the available data
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[10-13] on the pressure level at different distances from
the lightning.

3 Results

The purpose of this study is to research the impact of
thunder on the metal structures of energy facilities when
lightning strikes a building or objects located near it. For
this purpose, the problems of calculating the residual
strength and deformation of the load-bearing metal
structures of the two most common types of beams were
solved, those types being the lattice beam and the box
beam.

It is known that thunder is an acoustic shock wave
generated by a channel of heated air. At the distances of
0,5-1 m, the air pressure in the shock front can exceed 1
bar, and in some cases reach 10 bar[1]. The wave
frequency depends on the discharge power and air
pressure. It is located in the range from 1 to 60 Hz. To
calculate the strength of the beams in the model, a
pressure of 1 bar was created at the wave front from a
single influence on the surface of a wave with a
harmonic law of pressure change.

Besides the shock pressure, the beam model is loaded
with gravitational forces. The operation loads from the
working equipment and thermal stresses were not taken
into consideration. The calculations are made for two
types of beam fastening: rigid cantilever fastening and
symmetrical beam fastening on both sides.

The solution uses a mathematical finite element
model consisting of a system with n degrees of freedom,
which is represented by a linear matrix equation of
motion of the nth order [14-16]:
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where [M]c, [M]a, [K] - the matrices of distributed
(p), concentrated (c) masses and the stiffness matrix
{\/ (t)} and its derivatives respectively; ys - loss factor.

Fig. 2. Stresses in a beam with a combination of shock and
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where: 83 - the logarithmic decrement of damping of
vibrations of the bearing structure, & - the coefficient of
relative damping, which is equal to: &<0,02+0,04
(65=0,125+0,25) for steel structures and &£<0,05+0,08 _
(65=0,32+0,5) for reinforced concrete. The vectors on the af
right side of equation (1) are the static and acoustic loads ; ﬂ

(thunder), in which {5%:)} - one component I\

accelerogram (m * s?) created by the pressure of a sound o
wave with a harmonic change in load over time. I

TIME

4 Discussion

Let us consider the results of the solution for a cantilever
beam. Fig. 1 shows the results of the research of the
beam deformation under the effect of gravitational forces ‘.
(a) and the deformation from a combination of loads of
gravity and acoustic wave (b). «
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’ Fig. 3. Changes in stresses at the place of fixing the beam after
a lightning strike, Pa.

As can be seen on the graph in Fig. 3, during the
transmission of the wave, the stresses increased
a) relatively to the load on the beam from its own weight
by 38%. The maximum stress does not exceed 31 MPa,
‘% so failure is unlikely.
=7 Similar results were obtained for double-sided beam
. fastening. Fig. 4 shows the change in the stresses in the
- central part of the beam.

b)

Fig. 1. Deformations of a lattice structure beam, m: a - under
the forces of gravity, b - under the effect from a combination of
loads.

From the analysis of the calculation results, it follows
that the deformations of a cantilever lattice beam are
insignificant and do not exceed the acceptable limits
when a lightning strikes at a distance of 1 m from the
beam. Fig. 2 shows the stresses in the beam from a
combination of shock and gravitational loads, and Fig. 3
shows changes in stresses at the point of fixing the beam
after the strike.



E3S Web of Conferences 220, 01055 (2020)
SES-2020

https://doi.org/10.1051/e3sconf/202022001055

TIME

il

03

0.6

43

FY ) FERTE TN T SNETE RTETE INUNE STRTE RN FUTN SNET]
27q; 1 4 5 3 7 1

Fig. 4. Changes in stresses over time in the central part of the
beam, fixed on both sides after a lightning strike, Pa.

The voltages are within acceptable limits.

Fig. 5 shows the results of calculating the
deformation of a sheet steel beam under the effect of
gravitational forces (a) and the maximum deformations
from the combination of gravitational and acoustic wave
loads (b).

b)

Fig. 5. Deformation of a cantilever-fixed beam made of sheet
steel, m: a - under the forces of gravity, b - under the action of
a combination of loads.

As seen from Fig. 5, the maximum deformations of
the beam exceed 150 mm, which indicates the onset of
plastic deformation of the metal with its subsequent
destruction. Similar results (Fig. 6) were obtained when
analyzing the stress in the metal.

b 1

Fig. 6. Stresses in a cantilever-fixed beam made of sheet steel
(Pa): a - under the action of gravity, b - under the effect from a
combination of loads.
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Fig. 7. Changes in stresses over time at the place of cantilever
fastening of the beam after a lightning strike, Pa.

As seen on Fig. 7, the stresses in a sheet beam vary in
the range from 9*10° to -8*10° Pa. Those stresses are
greater than the yield strength of structural steel St
20 60=175 MPa, so the beam will be deformed by the
shock wave. Similar results were obtained for double-
sided beam fastening.
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Fig. 8. Deformations of a bilaterally fixed beam made of sheet
steel, m: a - under the forces of gravity, b - under the effect
from a combination of loads.
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Fig. 9. Stresses in a bilaterally fixed beam made of sheet steel
(Pa): a - under the forces of gravity, b - under the effect from a
combination of loads.

Because stresses in the metal can reach 800 MPa, this
will also lead to the destruction of the beam. The greatest
stresses in the beam are observed when the beam is
deformed upward. This indicates that the highest
probability of destruction is due to the occurrence of
elastic vibrations and resonance phenomena.

5 Conclusion

1. When designing buildings and facilities in areas with a
high probability of thunderstorms, in the calculated
combination of loads it is necessary to take into
consideration the load in a case of a lightning strike.

2. The greatest stresses arise in the load-bearing
elements made of sheet steel.

3. Natural vibrations of supporting structures with
resonance phenomena increase the probability of
structural failure. To increase the stability of structures,
it is recommended to install damping elements.

4. The air pressure at the front of the shock wave
depends on the distance from the lightning bolt to the
beam. In this regard, the distance from the lightning
protection to the bearing elements must be at least 5 m.

5. During a thunderstorm, it is advisable to reduce the
load on the supporting structural elements.
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