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|. THE PHENOMENON

1. What islightning?

Lightning is a high-energy luminous dedtricd discharge from a thunderdoud to the ground
accompanied by thunder. In our amosphere, three types of discharges take place: one within a
thundercloud (intra-cloud), the second from one cloud to another (inter-cloud) and the third, from
cloud to ground (CG). Thelast type takes atoll on our life and property and 0is of concerntous An
exception to this isthe ararat hit by inter doud and intra-cloud lightning. Lightning isvery fagt, takesonly
about 1710 of asecond. Lightning discharge occurs a millions of volts with a current of a few tens of
kilo amperes and the discharge creates temperature of about 30,000°C within afew tens of milliseconds.
Prediction of lightning as to the predse time and location is vey difficult or impossble However,
somewhat a season or period of lightning occurrence at many regions is known. In Kerala,
thundersorms normally occur from October 15™ to June £ (Mdaydam months TJiulam to mid
Edavatri). Lightning activity is more in the afternoon then in the forenoon hours. The present year
2002 has been an exception to this. Lightning has been found to occur & dmogt al times of the day
with amaximum occurrence after 7 pm.

2.What Causeslightning?

The largest of al types of clouds, namely the Cumulonimbus (Cb) cloud is responsible for
lightning. Mainly two types of processes lead to formation of such clouds. Based on the type of
formation they ae dasdfied as Frontd or Convedtive thunderdoud. Fronta thunderdouds form by the
interaction of cold and warm air masses and S0 such cloudscan form at any time of the day or night. The
convective Cb cloud formation commences in the forenoon with the onset of convective cycleinitiated due
to hesting by the solar radiation. Usually they mature by the afternoon. Mgority of the lightning strikes
from this type occur in the afternoon hours. In Kerala, most of the thunderclouds are of the convective
type and are formed mostly during the northeast monsoon. (October to December) and during the pre
monsoon (March to May). The present year has been an exception with frontal thunder clouds causing
lightning at almost all times of the day. Charging mechanisms of the cloud, the number of charged cells
formed and the regional meteorology decide the thundercloud formation in a region. Therefore, the Cb
cloud behaviour varies over regions of the globe. A typical cumulonimbus cloud grows up to tropopause
(15 to 18 km in tropics).

17

CUMULONIMBUS "

CLOUD (Cb) 13
b

9

DIRECTION

OF MOVEMENT
—

ALTITUDE
(km)

GROUND



3. Charging processes in thethunder clouds

Cloud top develops a positive electrical charge, the lower level a negative electrical
charge. A flow of current between these does not occur, as the air is a poor conductor of
electricity. As a thundercloud passes overhead, positive charge accumulates on all objects
below the cloud. Since these positive charges attempt reaching the negative charge of the
cloud, they tend to accumulate at the top of the highest object in the vicinity. Lightning results
when the difference between +ve & -ve charges, the electrical potential difference, is enough
to overcome the resistance of air to force a conductive path between the cloud and ground.
This potential may be as much as 100 million valts.

4. Science behind lightning & thunder

A heavy €electrica discharge in the atmosphere leaves the air heated to a very high
temperature, of about 30,000°C in a few tens of milliseconds. This process invokes shock
waves, the propagation of which we hear as thunder. Thunder helps in estimating the distance
roughly. It takes three seconds for thunder(sound) to travel 1 km and so the time (seconds)
between sighting a lightning flash and hearing sound, divided by 3 gives the dant distance in
kilometres. Further, the higher the pitch of sound of thunder, the closer is the lightning.

II. PRECAUTIONSFOR ALLEVIATION OF THE HAZARD

Once the event is initiated, it is impossible to move off to escape from a lightning flash. This
is because the whole phenomenon of one lightning flash is over within about 1/10th of a
second and the minimum time of response of a human being is also of the same order.
However, an understanding of lightning can go a long way in reducing the hazard due to
lightning. In this regard one of the foremost requirements is to know the probable time, in
terms of season and time of the day, of lightning occurrence in a region. This helps us to take
precautions to avoid getting involved in an accident. As is mentioned above, Kerala has
somewhat a season for lightning and so during this period precautionary measures can be
taken well before, say in the forenoon, a lightning incident.

PRECAUTIONS AND GUIDELINES

Many aspects of escaping a lightning accident are presented here. One of the most important
things to be remembered is that a thunder cloud or lightning will be active in an area only for
about one hour. So, observing what is given below for an hour may save one from a serious
injury.

1. Locationswhich provide Protection

(A) Locationswith good protection:

Locations, surrounded partially or fully by unbroken metallic surfaces or nets do not allow
lightning to penetrate to the interior and henceapersonissfeinade. Exanplesae

» Buildings of concrete with steel reinforcement (RCC), which is vertically coherent.



However, inside these buildings: Stay away from doors and windows. Avoid water.
Do not use the hand telephone. Take off head sets. Turn off, unplug, and stay away
from appliances, computers, power tools and TV sets. Unplugging power cord and
antenna should be done well before, say in the forenoon of a possible day of lightning
occurrence. Lightning may strike exterior electric, TV cable and phone lines, carrying
the energy to inside equipment. Keep away from all loose wires and wall sockets of
power, phone etc. If possible, keep away from the large metallic objects such as stoves
and ranges, bath tubs, furnaces, water and gas pipes, and aso from electric lines
especialy at points where these enter the house from outside. If there is an assembly
of people, disperse into different rooms to the extent possible and individuals should
take the above precautions. Cordless or Cell phones can be used cautiously inside a
RCC roof building. If there is lightning around crouch at the centre of the room.

» Steel-framed buildings.

> Buildings with sheet metal coverings on roofs and walls, with the joints connected
electrically to ensure a complete conductive surface.

» Automobiles with coherent metal bodies, but no open cars or convertibles.
(B) Locations Offering at Least a Minimum of Protection:

» Inside buildings of large or at least of medium size. The protective value of such
buildings is better when at least some unbroken vertical metallic conductors exist, such
as rain gutters with down-pipes, water mains, rails for elevators, vertical meta strips,
steel braces or reinforcement etc., electrical installations and wires, etc.

» Large mountain-caverns, in which one can stand, crouch or it without being closeto or in
contact with the celling or the walls

2. Locationsand situations to beavoided during thunderstorms:

Lightning prefersto strike the tallest of all objectsin the location of strike. Also it prefers
metal objects; the larger the metal more is the preference. Avoid:

» Individua trees in the open country and on mountain tops. The greatest danger is
under trees, especialy just under low branches extending far sideways. All kinds of
trees are dangerous. The taller *he tree, the greater is the danger. A small group of
isolated trees is also as dangerous as one isolated tree. Being near atree can result in a
lightning flash from the tree to terminate on a person nearby as shown in figure.
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Also dangerous are:

The edges of forests with large trees.

Unprotected objects in an open country such as barns, small churches, chapels,
haystacks, wooden carts, observation towers, elevated points, leantos, huts, shelters

Smdl wooden huts with practicdly no metdlic parts gpat from waer pipes Avod
goproaching thesepipes

Unprotected neighbourhood of dedtriclinesor metdlicsructures
Do not go near aflag medt, TV antennamas, pipe or any vaticd med fixture

Lakesand swvimming pools This has the additiond agpect of bang far awvay from hdp. A canoein
the open water body, like lakes and lagoons is highly susoeptible

Goalf courses and other open grounds. Here the probability of adrikeishigh
Theedge of gegp varticd diffsand mountains

Hill tops Lightning srikes hill top then avalley.

Boats and tents without lightning protection.

Extended metdlic fences made of wire or othawise, hand rals rals and other big medlic
condructions

Riding ahorse, bicyde, maotorcyde or open tractor.
Meta tools such as poke, spade, axe, pickaxe, umbrella, metlic swving, metalic garden char etc.

Assambliesof peoplein the open ar or in Imdl- unprotected rooms



» Sanding doseto acar, outdde or leening onthecar.
» Vidnity of road-roller or tipper truck or any giant metd body vehide

» Hying in nonmedlic arcraft. Even with metdlic arrcraft, avoid high cumulus if your ssfety
Oepends on the dedtronic equipmant.

3. Recommended Precautions when Surprised by a Thunderstorm:

a. Avoid close proximity to metal objects like umbrellas, scythes, knives and golf clubs;
especialy if they project above your body. Danger is acute if you see or hear St.
Elmo's Fire (corona discharge).

b. Crouch onthefloor with both feet and knees pressng each other and hands drding the knees
with the chin pressing on theknees Thepastionisshowninfigure

c. If you happen to be near atall treein the open, sit and crouch as above alittle away from the
branch of the tree, as shown in the figure bdow

SUGGESTED POSTURE NEAR TREE IF
SURPRISED @Y LIGHTMING ARROUND

OMEUSEFUL TIPS

Avoid using metallic pipes to fix lamps on terrace of buildings. Also for drying clothes on the
terrace, iron poles with metallic or plastic wires are used. Avoid using metallic poles and
wires.



I11.LIGHTNING PROTECTION

There are many locations and buildings, which have to be protected from lightning damage.
Storage location of inflammable material is an example. High rise buildings and structures
housing equipment etc. also have to be protected as precautions taken for personnd sefety is of
little use in such places. A device which gives a good amournt of protection and which has bean in ue isthe
Lightning Conductar.

1 TheLightning Conductor:

The Lightning Corductar which is do known as Lightning Rod or Air Termind is one of the best
known form of shidding device and has been in use in protecting buildings and faalities where protection is
mandatory such as, doragetanksfor petroleum products, warehouses for explosves etc. The main purpose of
the lightning rod is to provide a point well above the gructure to be protected with a very good, eathed
connection SO thet the lightning energy gets divearted into ground without damaging the Sructure. It hesno ralein
preventing alightning occurrence

Lightning Conductors must be exposed and should be placed at the highest levels. They may be
painted for protection against corroson. There is a code of practice on Lightning Conductor and its
ingdlaion published by the Bureau of Indan Sandards Conformance to this will meke the Lightning
Condudor effective

2 Earthing

The earthing done for domestic power supply is not a al auffident for lightining condudior earth.
This is evidat fram the megnitude of currents involved in lightning which is more than two orders of
megnitude higher then the domedic supply curents Howeve, because of the high valtage involved,
proportiondlly heavy earthing isnat nesded as the valtage itsdf will driveit into ground.

3. Coneof Protection:
Thisisatam usad to destribe the valume of pratection offered and it providesasmple grgphicd tod for

inddling a Lightning Conductor protection sygem. Arrangemantt of a Lightning Rod showing the cone of
protedtion isgiven in figure
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Theratio of height to radius of areaexpected to be protected definesthe volume The sferaiois 1.1 (equd
to 45° angle to ather 9de) for sengtive inddlations and for others ratios as high as 1:1.75 are d 0 used.
When large buildings are to be protected a single rod will not suffice Multiple rods with severd earths are
donein 2uch cases These rods are interconnected a the top of the building using thick copper, brass or Gl
drips of suffident thickness and connections from severd  points are run to each earthing rod or grid. These
interconnecting grips dso provide an additiond protection dl dong the length of the rip amiler to the
lightning rod.

4. A Special Casefor KeralaRegion:

Kerdais aregion with high dengty of vegaaion. This reauits in nost of the houses, RCC roofs otherwise,
having a good number of trees nearby. In mogt of the cases the nearby trees are quite tdler then the
buildng. This reauits in the lightning conductor inddled on the building in nat baing ddle to protect the tree. On
lightning hitting one of the trees nearby, because of the dedtricd wiring of the house, it's earth and other metd
ohjects ingde the house the lightning energy enters the house through the ground. The lightning rod does not
prevent this A ring conductor inddled around the house can prevent such destruction to a large extent. A
schemdic of the ring conductor dong with the lightning conductar is shoawn in the figure The ring conductor
should be buried 1.5 m bdow ground and about 1 m away from the basement/ walls of the house Thering
conductor should be connected to power earth, lightning conductor earth and weter pipes.

At places where good earthing cannot be provided dso the Ring conductor with ssverd earth rods
should be used. An exampleisahouse or tower on arock surface.

\ "
CONDUCTOR*
RING CONDUCTOR PROTECTION




5. TheLightning Arreder:

Hedtricd and dectronic equipment, imrespective of whether they are inside a safe building or not, can go
bad due to lightning energy entering their circuit directly or by some other peth. These equipment can
be protected to a condderdble extent from damage by inddling a Lightning Arregtar. Lightning Arresers
provideameansby which lightning currents may enter or leave the earth without passing through the circuitry
to be protected. Lightning Arregters inddled in equipment behaves as if it is dosent 0 that the normd

operdion of the equipment isnat at dl afected. During alightning evert if the valtagein theingdled drcuit goes
up beyond avdue dueto lightning energy the arrestor becomes active due to the high valtage leeding to ashort
dreuit of the lightning energy to earth. The time taken for the arresters to become active is of the order of

1/10° second. Hence the arrestor preventsthe lightning energy from entering the eqipmert.

IV. PERSONNEL INJURY,HRST AID

Of the people who die in lightning accidents the number of deeths dueto direct hit and burns due
to it are vary low. Mogt of the degths hgppen dueto respiratory arrest. This can hgppen due to many reesons,
the main one baing the respiratory centre of the brain, located a the back of the heed, getting affected.
Giving atificid respiration can savealat of peoplewho get invalved in lightning. Thisisonefirg ad thet can
be given to a victim and can ke done while reaching for medicd ad. There are other causes like heart
getting affected etc. for which medicd ad should be sought immediatdy.

Prepared by CESS in 2002 as a part of a project on alleviation of lightning hazard funded by
the Ministry of Agriculture and Co-operation, Government of India through the Department of
Revenue, Government of Kerala



