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Abstract. Agricultural activities are more often linked to the use of electrical and electronic devices. The
evolution of climate with a continuous increase of thunderstorm phenomena, more and more concentrated and
intense, need to raise attention by users about the protection of structures and equipment against overvoltage
phenomena of atmospheric origin. The combination of thunderstorm phenomena and the high sensitivity to
induced and conducted electromagnetic phenomena of equipment could origin failures that could affect
productivity and safety. By a safety point of view, in Italy the law obliges the employers to assess the risk raised
by lightning effects in order to ensure that the buildings, systems, structures, equipment are protected in
agreement with the national and international technical standards. Considering the agricultural-livestock sector,
the new Italian guidelines need that farmers should re-examine structures referring also to the compatibility with
animal protection requirements. In the event of a fault, considering the high sensitivity to electrical effects on
animal health, it is necessary to limit contact voltages to negligible values, by means of additional equipotential
connections among all the masses present in the plant (both strictly useful and not for the main proactive
activity). Furthermore, considering the dimension of animals compared to that of humans, particular care has to
be taken in limiting the step voltage also connecting the electro-welded nets used to reinforce the concrete floor
of animal shelters to ground collector. The main goal of this work is to analyse the technical standard concerning
the protection from lightning with particular regard to the agricultural-livestock sector and to study the principal
equipment and parts useful to set up an effective lightning protection system for a medium-sized stable.
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Introduction

Italy is yearly hit by about 600 000 lightning strokes, which means about 2 strokes per km® with a
distribution that, obviously, depends also on geomorphology [1-11]. Lightning bolts are originated in
cumulus clouds, where small crystals of ice and water drops, due to friction and/or nebulization, are
electrically charged and give rise to high intensity electric fields that trigger the discharge mechanism
[12-24].

As for other possible occupational and safety health concerns in agricultural activities [25-29]
lightning can be a huge risk also due to the unawareness of workers, so, in order to have a good
protection from dangerous effects of these phenomena a Lighting Protection System (LPS) should be
used. It’s composed by: an uptake device, a protection equipment against lighting-generated
electromagnetic pulse (Lightning Electro Magnetic Pulse-LEMP), a LEMP-generated overvoltage
protection device (Sourge Protection Measures-SPM) and a set of other minor and complementary
devices to prevent lightning side effects, such as fire, high-tech and structural damages [28; 29].

A lightning stroke can hit on structures (directly or nearby) and on power lines (directly or
nearby) [30-33], producing damages to living beings by electrocution, fire, explosions, mechanical
damages, electrical and electronic damages due to LEMP induced or conducted by power lines or by
the radiates of electro-magnetic field itself [34-37]. Each of the above-mentioned effects can result in
damages to humans or even to the loss of human lives, in faults in public services, in cultural heritage
damages and last, but not the least, in economic losses.

To prevent a possible damaging effect,the LPS is, so, composed by: [38]:

1. External LPS that has to intercept the lightning by means of a pick-up system and has to conduct
the lightning current to the ground using an earth sink;

2. Internal LPS that must prevent dangerous shocks inside the structure. For this aim equipotential
connections between metal bodies and/or separation distance among them are needed, as well as
the insertion of the Surge Protective Device (SPD) on the power lines. The internal LPS is
needed, because when a lightning protection system is picked-up by external LPS, voltages of
hundreds of kilovolts affect each part of the whole LPS and, thus, high potential differences arise,
due to the impulses resistive and/or inductive coupling mechanism, between the protection
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system, protected structure, objects and sensitive equipment that are more and more used in
agricultural sector for production, decision and design [39-57].

It has to be considered, furthermore, that the possible need to design an LPS always starts from
the risk of fulmination evaluation [58-61]: if higher than the acceptable one, it should be designed,
otherwise the structure is self-protected and it is possible to avoid the LPS design and construction
[59; 60]. In the estimation of the acceptable risk must be considered all the previously reported
possible damaging effects: human lives losses, public service faults and cultural heritage losses
[60; 61].

Regarding the structures used in the agricultural and zootechnical sector, considering the high
sensitivity of animals to differential potential, particular care must be taken in lowering touch and step
voltages; so, the present work aims to analyse the main topics related to the construction of a LPS for
protection of a stable to be built that will host 200 animals and where 10 employees will work. This
protective measure is not considered compulsory by lightning protection Italian legislation, but,
nevertheless, considering the high economic investment and the presence of workers, with the aim to
grant safety, construction of a lightning protection system can be considered highly recommended.

Materials and methods

The evaluation carried out in this paper relates to a stable that is going to be built within a farm
located near Tursi (Matera District, Southern Italy — 40.24739 N 16.44855 E). The stable will have a
length, L =20 m, a width, W= 50 m, a roof height with a minimum of 5 m and a maximum, H =7 m.
It will host about 200 beef cattle and about 10 workers will work to care and manage the animals. The
stable design and construction will give attention in reducing costs, while ensuring both high
operational functionality in animal management and high safety and comfort for workers. Different
materials and construction techniques will be used with particular care in choosing the ones that best
suit the need to reduce possible direct or indirect effects of lightning hitting:

Reinforced concrete for main structural parts (foundations, floors, pit grating);
Wood (both laminated and solid) for walls and roof frames;

Insulated metal roof cover;

Light and plastered brick for partition walls;

Tiles for hygienic sensitive floors (milk room and toilettes);

Galvanized metal for doors and windows.

Based on the results of the presented study, the opportunity to install an LPS has been considered
to achieve an additional safeguard for the forthcoming business activity in terms of human, animal,
device and structure protection. The LPS will protect the stable from direct lightning and, therefore,
from possible fire or from the consequences of the lightning current itself (lightning without ignition)
taking care of the following regulations in force:

® General principles on the “lightning protection systems (LPS)” of structures and connected
technical installations [58; 59];

¢ Lightning on the ground risk assessment [58; 59];

¢ Design, installation, verification, and maintenance criteria of the LPS for limitingstructures’
material damage and people risks [60];

e SPM design to protect electrical and electronic systems against LEMP [61].

Results and discussion

The lightning damage risk R that must be considered as the sum of all the R, risks relevant for
specific type of possible losses that, in this case, are: 1) loss of human lives; 2) economic losses.

With reference to the latter, as no data were available, for this analysis the representative value of
acceptable risk has been considered [59-61].

The R risk for losses of human lives is given by the following equation:
R=N-P-L,

where N — number of lightning strokes per year on the evaluated surface;
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P — probability of damage;
L —loss or quantitative assessment of damages.

To evaluate the potential risk, it has to be evaluated on statistical basis, the average number of
lightning per km?: the lightning density value on the ground N,. This evaluation is made possible by
means of the lightning stroke localization networks (LLS) covering the whole Italian territory [38]

lightning

N, =262 S00NE
¢ km” - year

The right number N of dangerous events that could really affect the stable must be evaluated
relating the lightning density on the ground N, with the collection area equivalent to the stable [58]. It
is necessary to evaluate the lightning frequencies that may affect the stable, considering four different
parameters: direct lightning stroke on the structure (Np); lightning stroke that produces magnetic
effects (Vy); direct lightning stroke on power lines (NV;); lightning near the power lines (V).

Taking care of the stable characteristics (internal flooring, presence of people, layout of the
internal installations, etc.), a single homogeneous area has been considered for evaluating, for it: the
equivalent direct lightning stroke collection surface Sp; the equivalent indirect lightning stroke
collection surface Sy; the equivalent direct lightning on power lines collection surface S; and the
equivalent indirect lightning on power lines collection surface S; (Figure 1) [58].

Fig. 1. Collection area for both direct (S, & S;) and indirect (S, & S;) lightning strokes on
structure and on power lines

The following data have been obtained:
S,=322-10"km’ -8, =4.36-10" km’
S, =8.00-10" km’ - S, =8.00-10"" km”?,
allowing to evaluate the corresponding numbers of dangerous events due to direct and indirect

lightning strokes on the structure (Np, Ny) and for direct and indirect lightning strokes on the power
lines (N, N;) [59-62]:
N, =0.016900 year™' — N,, =1.140000 year™'
N, =0.010480 year™' — N, =1.048000 year™".
Finally, assessing to be 1 % probability of damage to living beings (P,), to the structure (P3), to
the installations (P¢) and of failure of the installations (P,),it was possible to evaluate that the risk
deriving from fulmination for the considered structure R that is, in this case, lower than the acceptable

risk Ry allows to consider the structure itself as self-protected and permitting to not install alightning
protection system:

R=3.38-10°<R, =1.00-10"

As an additional caution to reduce step and contact voltage is, nevertheless advisable, adding an
electro-welded steel net in the concrete base, to provide equipotential connections among all metal
bodies (also concrete reinforcement ones) with an efficient ground sink made of a bare copper rope
buried along the entire external perimeter of the stable and 4 linear sinks placed at the vertices of the
structure at a depth not less than 6 meters.
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Conclusions

Modern agriculture widely uses computer and electrical systems to increase profitability with the
aim to optimize and automate the most time-consuming processes. In agricultural in general and in
livestock plants in particular, lightning can have particularly serious consequences for the structures
also in consideration of their geographical location, their construction technique or their use.
Remembering that nowadays frequent agricultural buildings are equipped with robotic milking
systems and considering that, often, all the equipment needs to achieve such task controlled through
data lines and that they can be controlled from remote locations, it appears clear why it is
recommended to install protective measures against both lightning and overvoltages. Even, if what has
been considered in this study is a quite small stable, the methodology used could be considered to be a
possible approach that, taking into account the technical standard, which defines the technical and
design procedures in the field of protection from lightning with reference to the agricultural-livestock
sector, could be used in the design of a medium and large-sized stable, in which, for sure, the risks are
more relevant. The presented study has to be considered as an innovative approach in stable design,
which, in the absence of regulatory obligations, allows to evaluate the opportunity to install an LPS to
achieve an additional safeguard for the forthcoming business activity in terms of human, animal,
device and structure protection.
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