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Abstract

The technology of lightning protection have shown several improvements but
even with all the known precautions, complete safety is still beyond our reach.
In India, thousands of deaths occur every year from lightning strike. The
reporting of lightning deaths and injuries are haphazard which leads to under
reporting of lightning related incidents. In India such deaths are common in
the rural areas compared to the cities and hence most of the victims are
farmers, villagers and children. Despite the availability of several precautions
and guidelines, there is no specific instruction to common man’'s safety in
such places. The authors have visited various places of lightning incidents for
the past few years. In this paper, three such similar cases of lightning incidents
are analysed
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NEED FOR STUDY
Though several proactive measures and safety tips are available and distributed to
common public, deaths due to lightning is very common in India.. Farmers are more
prone to lightning accidents as compared to city dwellers, as they are from the low
socio economic status group and they are forced to remain at work even during the
high risk of thunderstorm and lightning. Due to obvious reasons, open fields are more
vulnerable to lightning strikes and most of the deaths are reported from these places.
Economic damage due to lightning is another area to be studied further as
lightning causes damages worth billions of rupees in the housing, agriculture,
industrial sectors. Ever since the natural calamity compensation process was initiated
by Goverment of India, lightning was not included as a natural calamity due to the
underestimated death, injury, and damage figures. [2]. In India, the number of deaths
due to lightning attack is very high in state like Kerala This year the Kerala state
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government has placed a demand to the Union government to recognise lightning as a
natural calamity, thereby making victims eligible for compensation from national
relief funds. [3]. All these confirm that the people and Government of India is not
fully aware and are yet to recognise the immense damage caused by lightning.
Therefore, there is an urgent need to create the awareness on lightning protection and
personal safety among different target groups such as educated and uneducated
people, villagers, rural youths, school-going children etc.

In this paper the safety measures which are needed to be taken by the common
man, when working in fields or in open areas are discussed.

The mechanism of step voltage

There are many ways a lightning current can cause casualities. The danger from
lightning is not confined to direct strike. Most of the casualities come from indirect
effects of nearby strike. In India the maority of the personnel injuries seems to
happen due to ground conduction of lightning current. The prominent effect is
damage due to step voltage.

Consider the point P where the lightning hits the ground at point ‘P, and the
lightning current flows radially outwards. The equipotential lines established in the
ground are represented in figure. 1. The voltage difference between any two points on
the Earth’'s surface at different radii a and b is called the *‘step voltage'’ because it
will appear between the two feet of a standing humanbeing with one foot a ‘a” and
the other at’ b’. The lightning current which is in the order of tens of thousands of
amperes injected at the point P will create a potential difference of (Va-Vb) over the
step length which can easily be tens of thousands of volts. Since there is a voltage
difference between two points (feet) and the human body acting as shunt impedance
causing a current to flow through the body. The magnitude of this current depends on
the contact feet impedance and body impedance. The step voltage is given by

" Ir/lr 1
Vo = —J E, dr = o (———). a>ryg, b>a
b 2r\a b

The larger the distance between ‘a ‘and’ b ‘larger the step voltage. Therefore
step voltage is highly dependent on distance between the feet. The lightning current is
inversely proportional to square of the distance from the point ‘P'. This means a
person standing near the point where the lightning current enters the earth may have
large potential from foot to foot. The potential difference for the same span will be
less as the span is moved away from the point where the current enters. However if
there iswater body on the ground then the danger prone area is extended up to the end
of the water body, as the resistance offered to the flow of current by water is less.
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Figure. 1. The equipotential lines established by the lightning current flowing in
the ground.

Analysis of Lightning Accidents

Case 1:

In November 2007 thirteen goats were dead due to lightning in kootadi village near
ulundurpet Tamilnadu, India. a the time of incident, the goats were grazing in a open
field and the lightning had struck a nearby tree. Though there were 100 goats but only
13 found dead.. The government officials were not even aware that the meat is edible
so they did not give proper instruction to villagers. And finally it turned out to be big
loss for the shepherds.

Case 2:

In july 2008 five farm labourers, including a woman were struck dead by lightning at
Salavathi near Tindivanam, Tamilnadu, India. Seven of their co-workers were injured.
The lightning had struck a tree in the paddy fields. At the time of the incident, the
labourers were standing near the tree and were holding a plastic sheet over their heads
for protection against rain. The leg position of the victims are depicted in the figure 2.

Cases 3:

In November 2014, two women agricultural workers were killed and five labourers
injured when lightning struck at a paddy field in Mallivakkam near Ponneri in
Tiruvallur digtrict, Tamilnadu, India. The incident took place when nearly a dozen
women were working in the slushy fields, braving the rain to transplant paddy
saplings from the nursery. The lightning had struck nearby atree. Two people died on
the spot, and the four others were injured. The authors had visited this place. The
victims who were dead were planting sampling with their legs apart as depiected in
the figure 3
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I mpact of step voltage.

During lightning strike the leg position is very important, In India Generally the
people while working in the fields will have leg posture as shown in figure 3 It is
evident that in cases 2 and 3 the people who are dead were keeping their legs apart at
the time of lightning strike. Considering the figure 1. at the time of lightning, if a
human or animal with leg position at point a and a are safe as they are on the
equipotential surface, whereas at point ab or a-b’ are unsafe and they will be
subjected to step voltage. So protection from step potential hazard should be to stay
on the equipotential surface as shown in figure. 4. But it is very difficult for anyone to
realise the equipotential surface at the time of lightning strike. so the best thing would
be to keep the feet together to make step voltage zero. In case 1, thirteen goats which
are dead are victims of step voltage. The animals which are inside the potential
gradient area i. e. between point a and b, a step voltage would have provided shock.
The remaining goats would be either by chance with the leg position on the
equipotential surface or they would have been faraway from the point of lightning
strike. Afour legged animal like cow, will be exposed to a much higher voltage than
human being, because of the larger distance between their hind legs and forelegs. In
most, but not all, group strikes the people who were dead are probably victims of step
voltages occurring between their feet, owing to a relatively uniform current flow in
the Earth.

Step voltage is the reason for the death of animals or human beings. in India,
most of the lightning causalities occurring in ruaral areas are of this type. The step
potential hazard manifest in situations where people perceive that they are safe. Many
step potential accidents occur when people find shelter from rain under a tree, Even
though there is no direct strike to personnel, injuries and fatalities from the resultant
electrical shock can occur. Protection from step potential is an important design
consideration for personnel protection. Thus the common man should be instructed to
keep their feets together at the time of lightning. This simple instruction could save
many people from hazard.

Figure. 2. Theleg position of people working in fields
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Figure. 4. The safe position of legs.

In India there is tradition practised right from olden days is, when there is a
imminent danger of lightning people are adviced to pray and this belief would ensure
them safety. While offering prayer to God, people tend to keep their feets together and
this posture is nothing but a measure for protection against step voltage hazard.

Conclusion

It must always be remembered that no place outside is safe near a thunderstorm.
Though lightning deaths are not predictable but preventable. Lightning safety can be
mainly achieved mainly by creating public awareness. People who are working in
outdoors and fields or in open aresa should be instructed to keep their feet together
when there is a imminent danger of lightning, thereby escaping from step potential
hazard.

Continuing their works in paddy fields, during lightning. It leads to lightning
casualties and deaths leading the poor people to lose their family members. Though
lightning deaths are not predictable but preventable. Casualties due to Lightning can
be easily avoided and lightning safety can be achieved mainly by creating public
awareness.
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