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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 4: Effects of lightning strokes

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of ¥C is to promote
international co-operation on all questions concerning standardization in the electrical and elegtronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Yechnical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hexe eferred Mo as “IEC

Publication(s)”). Their preparation is entrusted to technical committees; any 1K 3 terested
in the subject dealt with may participate in this preparatory work. i tal /and non-
governmental organizations liaising with the IEC also participate in this preparation horates closely
with the International Organization for Standardization (ISO) in accorda b co ditiogps determined by

2) The formal decisions or agreements of IEC on technical matters expre ¢ posgible, an international
consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for i and aré accepted by IEC National
Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity i G i undertake to apply IEC Publications
transparently to the maximum extent possgible in th' i and regional publications. Any divergence

between any IEC Publication and the corre ar regional publication shall be clearly indicated in
the latter

5) IEC itself does not provide € Nndependent certification bodies provide conformity
assessment services ang, i to IEC )Jmarks of conformity. IEC is not responsible for any

6) All users should

7) No liability shall j ire eniployees, servants or agents including individual experts and

8) Attention is\drawn~to\the\Normative> references cited in this publication. Use of the referenced publications is

9) Attention_is dra e possibility that some of the elements of this IEC Publication may be the subject of

The main task of lECAechnical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC/TR 60479-4, which is a technical report, has been prepared by technical committee
No.64: Electrical installations and protection against electric shock.

This second edition cancels and replaces the first edition, published in 2004 and constitutes a
technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

— the report has been completed with additional information on the influences and effects of
natural electricity in the form of lightning strokes during thunderstorms;

— the definitions and technical terms have been updated;
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— the explanation of the basic physical mechanisms for the dynamics of lightning where
specified;

— the references to the relevant literature and the list of bibliography are updated;
— figures showing the current path during different interactions of lightning with the victim’s
body are updated.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
64/1772/DTR 64/1804/RVC

Full information on the voting for the approval of this technical report cg
report on voting indicated in the above table.

n_be found in the

A list of all the parts in the IEC 60479 series, under the ge current on

human beings and livestock, can be found on the IEC websj

the stability date indicated on the IEC web site

related to the specific publication. At this date, t isati

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or

« amended. %
I\m

IMPORTANT - The ' }s@he cover page of this publication indicates
that it contai renconsidered to be useful for the correct
understanding of/i

colour printer. /\
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INTRODUCTION

IEC 60479-1, IEC 60479-2 and IEC 60479-3 deal with the effect of electric shock derived from
electrical systems on the bodies of human beings and livestock. This part of IEC 60479, which
is a technical report, describes the influence and effect of natural electricity in the form of
lightning strokes during thunderstorms. Lightning current can consist of several uni-polar
and/or bi-polar impulses with different peak values and durations; Clause 6 of IEC/TS 60479-
2:2007[24]1 does not cover these effects.

The interaction of a lightning stroke with the victim’s body is quite different from the usual
experience with electric shock derived from electrical systems. The pathway often includes
the head in lightning accidents. The importance of the cranial orifices ag points of entry of

caused by step voltages. Even very short single
cardiopulmonary arrest [5], [6], [15] and [16].

@@

1 References in square brackets refer to the bibliography.
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EFFECTS OF CURRENT ON HUMAN BEINGS AND LIVESTOCK -

Part 4: Effects of lightning strokes

1 Scope and object

This part of IEC 60479, which is a technical report, summarizes the basic parameters for
lightning and their variability insofar as they apply to human beings and livestock.

The possible direct and indirect interactions of strikes with bodieg™a beings are
indicated and the resulting effects caused by lightning currenis aQism are
described.

The object of this report is to show the differences of effecis o a i and livestock
due to lightning strokes versus those effects of electric s ed from electrical
systems.

2 Normative references

IEC/TS 60479-1:2005, Ef;
aspects

3 Terms ant@

3.1 Definitions of

3.11
lightning fla
atmospheric discharge’ consisting of one or more strokes
3.1.2

lightning stroke

single electrical discharge in a lightning flash

3.1.3
lightning channel
conducting path of the lightning current

3.1.4

stepped and connecting leader

stepped leader stepping down from a cloud and a connecting leader stepping up from points
of field concentration beneath, noting that they are low current non-luminous processes
leading to the return stroke when the two connect
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3.1.5

main stroke

return stroke

bright lightened stroke with strong current discharge, which is initiated at that moment when
the stepped and connecting leader comes into contact with the earth

3.1.6
downward flash
lightning flash initiated by a downward leader from a cloud to earth

3.1.7

upward flash

lightning flash initiated by an upward leader from earth to cloud; that part 6 roke when the
leader grows from earth to cloud

3.1.8
continuing current
mean current of the long-lasting component of the lightning cur

3.1.9
peak value of current
maximum value of the lightning current

3.1.10
flash charge

3.1.11

impulse charge
short stroke char
time integral of the li

NOTE It is the integral of the square of the lightning current for the duration of the lightning. This value ranges
from 6 x 103 J/Q to 1,5 x 107 J/Q for the majority of positive and negative lightning strokes [7].

3.1.13

average steepness of current wave front

average rate of change of current calculated over 10 % to 90 % of peak amplitude of the wave
front [7]

NOTE This value ranges from 0,2 kA/us to 99 kA/us for the majority of positive and negative lightning strokes.

3.1.14

stroke duration

Time from the initiation of an atmospheric discharge until the time that particular stroke has
been extinguished (the range of 3.1.5) and is 15 ps to 2000 ps for the majority of positive and
negative lightning strokes [7]
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3.1.15
stroke interval
time interval between the beginnings of successive strokes

3.1.16

total flash duration

Time from the beginning the first stroke to the end of the last stroke with a time range of 0,1
ms to 1100 ms for the majority of positive and negative lightning flashes [7]

NOTE 1 Experience shows that the statistical distribution of the parameters of total flash duration as expressed
by Definition 3.1.16, can be assumed to have a logarithmic normal distribution.

entinue for some time.
the flash and the

NOTE 2 A flash is made up of a number of strokes. A continuing current may result and
The duration of the flash is therefore dependent on the stroke duration, the number of str6
duration of any continuing current. All of these are variable and statistically described.

3.2 Definitions of interactions

3.21

direct stroke
interaction whereby the tip of the stepped and connecting 4eads
being (see Figure 2)

attashes dixectly to the living

3.2.2

contact voltage

potential difference between accessi
(see Figure 3)

NOTE In some texts this has been erroneously refegred to a
3.2.3 Q

side flash
electric arc between t
and 7))

3.2.4 :

step voltage
voltage on the e

m
O
o)
o
<)
5
o
1
©
o
Y
)
O
3
o
o
=
@
o
N
o

streamer current
current flowing through an individual as that individual serves as the starting point for an
upward streamer which ultimately does not join a stepped leader to form a conducting channel
(see Figure 8)

3.2.6
flashover
electric arc over the surface of the body carrying a significant proportion of the current

NOTE It may occur with the other combinations above (see Figure 2).
3.3 Definitions of effects on organisms

3.3.1

physiological effects

reaction due to external electrical stimulation of excitable cells, such as all kinds of skeletal
muscle, smooth muscle of arteries and veins, cardiac muscle, nerves and all the structures of
the brain
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NOTE These effects are transient and stimulate the tissue within the limits of physiological function.

3.3.2

pathophysiological effects

stimulatory or inhibitory effects which lead to reversible or irreversible dysfunction of the
affected structures of the organism

NOTE 1 These effects are of long duration and are produced by stimuli outside usual physiological magnitudes

NOTE 2 This group of effects includes keraunoparalysis which is a transient paralysis of the muscular structures
in the line of the current. Its cause is uncertain.

3.3.3

thermal effect
pathophysiological effect of electrical current which results from local and transtent heating of
the affected structures up to temperatures where parts of cells ahd®organelles become
denatured

NOTE The effect of evaporation remains to be proved [17].
4 Physics of lightning

The explanation of the basic physical mechanisms for thexonsef and dynamics of lightning
is very complicated. Recent explanation takes jimt ) a tripolar layered cloud is
S 3 (also called graupel) and

Lightning is a transient, high-current discharge w path length is measured in kilometres.
Well over half of all flashes occur oud and are called intra-cloud (IC)
discharges. Cloud-to-ground\ (C ightpi en’studied more extensively than other

forms of lightning becaus a
death, disturbances in|powerand ication gystems and the ignition of forest fires) and
because lightning below axefoud is s easily studied with optical techniques. Cloud-to-cloud
and cloud-to-ai i
discharges other

Four different tyg
Negative CG

[4Ground-to-cloud discharges are initiated by leaders that move
upward fom the e9q gurse 1b et 1d). These upward-initiated flashes are relatively rare
) ntain peaks and tall man-made structures [3].

Other important physical parameters are the specific energy per stroke, the average
steepness of current rise within a stroke, as well as the stroke duration and total flash
duration where there is more than one stroke in a flash.

The mechanical effects are related to the peak value of the current and specific energy. The
thermal effects are related to the specific energy when resistive coupling is involved and to
the total charge or impulse charge when arcs develop. The highest peak values, specific
energy and impulse energy occur in positive lightning strokes.

The inductive coupling is related to the steepness of the lightning current front. The highest
value of this parameter occurs in subsequent negative strokes [5].

Thunder accompanies lightning and is generated by super-heated air at the channel, which
causes air pressure waves.
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Figure 1a — Lightning begins with Figure 1b — Lightni a C 3
a negative charged leader leader, and hen i pe effectively
moving downwards i > 3

///W/ //7
// // 7
: IEC 2076/11
Figure 1d — The leader is charged negatively

and effectively lowers positive charge
(reprinted from [4])

Figure 1c — Discha
a downward mov

5 Interactio . itMhuman beings and livestock

lightning with human beings and livestock depends on the resulting
time course and\p ay of the current in the body and on its surface. As the temporal and
spatial current distribution of strokes varies, so the effects on living organisms are different.
The effects of magnetic fields derived from the lighting stroke upon a living organism are not
thought to be significant [23].

5.2 Description of direct strike

When the tip of the downward stepped leader has reached a height of some tens of metres
above ground level, the resulting field strength attains a critical value so that a short upward
streamer can be initiated from a conductive object or victim. The flow of current of the whole
discharge goes direct via the victim’s body (Figure 2).

A description of direct lightning stroke interaction is given in 5.6.
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Key
iB body current
is surface flashover curre

¢t stroke

5.3 Descripti

When an object, nea
raised in potentia
to complete a_ci
voltage is degermi

g current will flow through that person. This contact
ive and an inductive component [5] (Figure 3).

u =i R+ Ldi/dt
u is the resulting act voltage;
i, is the current through a vertical structure;

is the resistance between the points of contact;
L is the inductance between the points of contact.



