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INTERNATIONAL ELECTROTECHNICAL COMMISSION

EFFECTS OF CURRENT ON HUMAN BEINGS
AND LIVESTOCK -

Part 1: General aspects

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for s i at|on comprising
all national electrotechnical committees (IEC National Committees). The obje
international co-operation on all questions concerning standardization in the electfi

this end and in addition to other activities, IEC publishes International Standarg i ecifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides e d “IEC
Publication(s)”). Their preparation is entrusted to technical committees; a qittee interested
in the subject dealt with may participate in this preparatory work. i 3
governmental organizations liaising with the IEC also participate in fkj . |E aborates closely
with the International Organization for Standardization (ISO) in &ccorda W
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg S possible, an international

consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

7) No liability shall attac s dires mployees, servants or agents including individual experts and
members of its technd S E ational Committees for any personal injury, property damage or
other damage of Any w whether direct or indirect, or for costs (including legal fees) and
expenses arising\out\of\the publi t|on use of, or reliance upon, this IEC Publication or any other IEC

9) AttentionN M o ssibility that some of the elements of this IEC Publication may be the subject of
~JEC'shaN not\e held responsible for identifying any or all such patent rights.

The main task o C technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

» the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

+ the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.
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IEC 60479-1, which is a technical specification, has been prepared by IEC technical
committee 64: Electrical installations and protection against electric shock.

This fourth edition cancels and replaces the third edition, published as a technical report in
1994, and constitutes a technical revision.

The main changes with respect to the previous edition are listed below:

— Dependence of the total body impedance Z; for 50" percentile rank of a population of
living human beings for large, average and small surface areas of a contact in dry, water-
wet and saltwater-wet conditions at touch voltage Uy = 25 V to 200 V a.c. 50/60 Hz.

path hand-to-
ents given in

— Oscillograms of touch voltages Uy and touch currents I7 for a.c.,
hand, large surface areas of contact in dry condition taken from
Figure 16 with the relevant explanations in the main text.

— Fibrillation data for dogs, pigs and sheep obtained from exp
calculated from statistics of electrical accidents with transve

— Change of Curve B in Figure 20 from 10 mA to 5 S a
effects of a.c. current (15 Hz to 100 Hz) on pe ' vant explanations in
themain text.

— new structure to the body of the standard.

This technical specification has the st
Guide 104.

The text of this techni

Report on voting

64/1463/RVC

IEC 60479 consi
beings and livestock

of the following parts under the general title Effects of current on human

Part 1: General aspects
Part 2: Special aspects:
Chapter 4: Effects of alternating current with frequencies above 100 Hz
Chapter 5: Effects of special waveforms of current
Chapter 6: Effects of unidirectional single impulse currents of short duration
Part 3: Effects of currents passing through the bodies of livestock

Part 4: Effects of lightning strokes on human beings and livestock
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

e transformed into an International standard,
e reconfirmed,

e withdrawn,

« replaced by a revised edition, or

e« amended.

The contents of the corrigendum of October 2006 and June 2013 have been included in this
copy.

@%
S
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INTRODUCTION

This technical specification provides basic guidance on the effects of shock current on human
beings and livestock, for use in the establishment of electrical safety requirements.

In order to avoid errors in the interpretation of this specification, it must be emphasized that
the data given herein is mainly based on experiments with animals as well as on information
available from clinical observations. Only a few experiments with shock currents of short
duration have been carried out on living human beings.

On the evidence available, mostly from animal research, the values are so conservative that
the standard applies to persons of normal physiological conditions Ansluding children,
irrespective of age and weight.

the current flow.

IEC 60479-1 co@

and d.c. touch
conditions, and

This spésificatio g ecifically to the effects of electric current. When an assessment of
the harmfu X event on human beings and livestock is being made, other non-

matters are beyond
right.

e scope of this specification, but may be extremely serious in their own

Recent research work has also been conducted on the other physical accident parameters,
especially the waveform and frequency of the current and the impedance of the human body.
This fourth revision of IEC 60479-1 should be viewed as the logical development and
evolution of the third edition.

Clause 2 of IEC 60479-1 (third edition) on the impedance of the human body contained little
information on the dependence of the impedance on the surface area of contact and then only
for dry conditions.
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Therefore measurements were carried out on 10 persons using medium and small surface
areas of contact in dry, water-wet and saltwater-wet conditions, current path hand to hand, at
a touch voltage of 25 V a.c. 50 Hz. The impedance values for a percentile rank of 5 %, 50 %
and 95 % have been calculated from these measurements.

Due to unpleasant sensations and the possibility of inherent danger, measurements using
large surface areas of contact (order of magnitude 10 000 mm2) in dry, water-wet and
saltwater-wet conditions and with medium and small surface areas of contact (order of
magnitude 1 000 mm2 and 100 mm?2) in dry condition at touch voltages from 25 V up to and
including 200 V a.c. have only been carried out on one person. By the use of deviation factors
it was nevertheless possible to derive values of the total body impedance Z; for a percentile
rank of 5%, 50 % and 95 % of a population of persons. With the same one person
measurements were also made with still smaller surface areas of cg
1 mm2) and between fingertips.

d.c.-resistance Ry of the human bou
presented.

expressed in that respg Ut i ¢ sdch objections is exammed it is found that
such objections repregent j injor oxperimental evidence. Some measurements
let-go for women are lower than for men. This

introduced. This | i electfical risks caused by step voltages.
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EFFECTS OF CURRENT ON HUMAN BEINGS
AND LIVESTOCK -

Part 1: General aspects

1 Scope

For a given current path through the human body, the danger to persons depends mainly on
the magnitude and duratlon of the current flow. However the t|me/curre t zohes specified in

the following clauses are, qr designing
measures of protection against electrical shock The necessary criteriQr_is the ible limit
of touch voltage (i.e. the product of the current through the body c Quchcurkent\and the
body impedance) as a function of time. The relationship between_cuyrrentand woltage is not
linear because the impedance of the human body varies with the tov ge, and data on
this relationship is therefore required. The different parts of an b as the skin,
blood, muscles, other tissues and joints) present to the € A grtain impedance

Knowledge of the effegts\of akernafing is primarily based on the findings related to the
effects of current at i 50 Nz onNB0 Hz which are the most common in electrical
installations. Th{?} i deemed applicable over the frequency range
from 15 Hz to 10 the limits of this range being higher than those at

ventricular fibrillation is considered to be the main

50 Hz or 60 Hz. Exin
i ccidents.

mechanism of d

Accidents wi much less frequent than would be expected from the number
of d.c : fatal electrical accidents occur only under very unfavourable
conditions e i ines. This is partly due to the fact that with direct current, the let-

less difficult and that for shock durations longer than the period of the

cardiac cycle, thexthreshold of ventricular fibrillation is considerably higher than for alternating

current.
NOTE The IEC 60479 series contains information about body impedance and body current thresholds for various
physiological effects. This information can be combined to derive estimates of a.c. and d.c. touch voltage

thresholds for certain body current pathways, contact moisture conditions, and skin contact areas. Information
about touch voltage thresholds for physiological effects is contained in IEC 61201.
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 61201:1992, Extra-low voltage (ELV) — Limit values

Guide 104:1997, The preparation of safety publications and the use of basic safety
publications and group safety publications

3 Terms and definitions

For the purposes of this document, the following terms and definitio

3.1 General definitions

3.1.1
longitudinal current

current flowing lengthwise through the trunk of the h rom hand to feet

3.1.2

transverse current

current flowing across the trunk of the huix ) om hand to hand
313

internal impedance of the hu

7.

1
impedance between t

skin impedances@

3.1.4

two parts of the human body, neglecting

impedance bge de on the skin and the conductive tissues underneath

total impeds
Z7
vectorial sum of the

eshiman body

nternal impedance and the impedances of the skin (see Figure 1)

3.1.6

initial resistance of the human body

Ry

resistance limiting the peak value of the current at the moment when the touch voltage occurs

3.1.7

dry condition

condition of the skin of a surface area of contact with regard to humidity of a living person
being at rest under normal indoor environmental conditions
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3.1.8

water-wet condition

condition of the skin of a surface area of contact being exposed for 1min to water of public
water supplies (average resistivity p = 3 500 Qcm, pH =7 to 9)

3.1.9

saltwater-wet condition

condition of the skin of a surface area of contact being exposed for 1 min to a 3 % solution of
NaCl in water (average resistivity p = 30 Qcm, pH =7 to 9)

NOTE It is assumed that saltwater-wet condition simulates the condition of the skin of a sweating person or a
person after immersion in seawater. Further investigations are necessary.

3.1.10
deviation factor
Fp

3.2 Effects of sinusoidal alternatihg

3.21
threshold of perception

minimum value of touch current which taus any
flowing

ation for the person through which it is

3.2.2

threshold of reaction

minimum value e@' At w u involuntary muscular contraction
3.2.3

threshold of let-g
maximum V3 f
electrodes

nt at which a person holding electrodes can let go of the

3.24
threshold of

3 ar fibrillation
minimum value of

current through the body which causes ventricular fibrillation

3.2.5

heart-current factor

F

relates the electric field strength (current density) in the heart for a given current path to the
electric field strength (current density) in the heart for a touch current of equal magnitude
flowing from left hand to feet

NOTE In the heart, the current density is proportional to the electric field strength.

3.2.6

vulnerable period

comparatively small part of the cardiac cycle during which the heart fibres are in an
inhomogeneous state of excitability and ventricular fibrillation occurs if they are excited by an
electric current of sufficient magnitude

NOTE The vulnerable period corresponds to the first part of the T-wave in the electrocardiog i i
approximately 10 % of the cardiac cycle (see Figures 17 and 18). ﬁb@fﬂﬁents
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3.3 Effects of direct current

3.3.1

total body resistance

Ry

sum of the internal resistance of the human body and the resistances of the skin

3.3.2

d.c./a.c. equivalence factor
k

ratio of direct current to its equivalent r.m.s. value of alternating current having the same
probability of inducing ventricular fibrillation

NOTE As an example for shock durations longer than the period of one cardiac cycle
ventricular fibrillation, the equivalence factor for 10 s is approximately:

o_probability for

k= 1g.c —fibrillation 300 mA
80 mA

Ia.c.—fibrillation (r.m.s.)

3.3.3
upward current

direct touch current through the huma® _bou gpfesent the positive polarity

3.3.4
downward current
direct touch current throug

depends primarily on'the current path and, to a lesser extent, on the surface area of contact.

NOTE 1 Measurements indicate that a small capacitive component exists (dashed lines in Figure 1).

Figure 2 shows the internal impedance of the human body for its different parts expressed as
percentages of that related to the path hand to foot.

For current paths hand to hand or hand to feet, the impedances are mainly located in the
limbs (arms and legs). If the impedance of the trunk of the body is neglected, a simplified
circuit diagram can be established which is shown in Figure 3.

NOTE 2 In order to simplify the circuit diagram, it is assumed that the impedance of arms and legs have the same
values.
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4.2 Impedance of the skin (Z;)

The impedance of the skin can be considered as a network of resistances and capacitances.
Its structure is made up of a semi-insulating layer and small conductive elements (pores). The
skin impedance falls when the current is increased. Sometimes current marks are observed
(see 4.7).

The value of the impedance of the skin depends on voltage, frequency, duration of the current
flow, surface area of contact, pressure of contact, the degree of moisture of the skin,
temperature and type of the skin.

For lower touch voltages the value of the impedance of the skin varies
person, with surface area of contact and condition (dry, wet, perspiration]
respiration, etc. For higher touch voltages the skin impedance decr
becomes negligible when the skin breaks down.

idely, even for one
perature, rapid

As regards the influence of frequency, the impedance of ¢ S s when the
frequency increases.

4.3 Total impedance of the human body (Z;)

For lower touch voltages, there are
and the total impedance of the hum
voltages, the total impedance depend
value approaches that of the internal i

As regards the influence
skin impedance, the tetal ¥
decreases when the fre

4.4 Factors a@' nghinitiakresistance of the human body (R,)

charged. Therefore skin S es’ Zg4 and Zg, are negligible and the initial resistance R
is approxim t ternal impedance of the human body Z; (see Figure 1). The

area of ¢ontagt

The initial resistance
fence controllers).

o limits the current peaks of short impulses (e.g. shocks from electric

4.5 Values of the total impedance of the human body (Z7)

The dependence of the total body impedance Z; for the 50t percentile rank of a population of
living human beings for large, medium and small surface areas of contact (order of magnitude
10 000 mm2, 1 000 mm2 and 100 mm? respectively) in dry, water-wet and saltwater-wet
conditions at touch voltages U = 25V a.c. to 200 V a.c. is shown in Figures 7, 8 and 9.

4.51 Sinusoidal alternating current 50/60 Hz for large surface areas of contact
The values of the total body impedances in Tables 1, 2 and 3 are valid for living human

beings and a current path hand to hand for large surface areas of contact (order of magnitude
10 000 mm?2) in dry (Table 1), water-wet (Table 2) and saltwater-wet (Table 3) conditions.
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The range of the total body impedances for touch voltages up to 700 V for large surface areas
of contact in dry, water-wet and saltwater-wet conditions for a percentile rank of 50 % of the
population is presented in Figure 4.

The values for Tables 1, 2 and 3 represent the best knowledge on the total body impedances
Zt for living adults. On the knowledge at present available the total body impedance Z; for
children is expected to be somewhat higher but of the same order of magnitude.

Table 1 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in dry conditions

Touch voltage
v Values for the total body impedances Z; (Q) that aMeeded for
5 % of the population 50 % of the populatior}\< N QWf t}e\population
25 1750 3250 610
50 1375 2 500 47640
75 1125 600
100 990 i 3125
125 900 2 675
150 850 2 350
175 825 2175
200 800 2 050
225 775 1900
400 700 1275
500 625 1150
700 575 1050
1000 AN Q 1050
Asymptotic value w 575 1 050
= internal impedance [ (\

tal body impedance for the current path hand to foot is somewhat

NOTE 1 Some measure
lower than for a cur to\30 %).
NOTE 2 For living SO + cogrespond to a duration of current flow of about 0,1 s. For longer

NOTE 3 For the stanqdard\valye of\the ge 230 V (network-system 3N ~ 230/400 V) it may be assumed that the
values of the togal bod he same as for a touch voltage of 225 V.
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Table 2 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in water-wet conditions

Touch voltage
" Values for the total body impedances Z; (Q) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
25 1175 2175 4100
50 1100 2 000 3675
75 1025 1825 3275
100 975 1675 2 950
125 900 1550 2675
150 850 1400 2 350
175 825 1325 175
200 800 1275
225 775 1225
400 700 950
500 625 8 N 1150
700 575 5 1050
1000 575 ) 1050
Asymptotic value 575 1 050
=internal impedance
NOTE 1 Some measurements indicate that th€ nt path hand to foot is somewhat
lower than for a current path hand to hand (10
NOTE 2 For living persons the values of Z; cogrespo urrent flow of about 0,1 s. For longer
durations Z; values may decrease (about 10 afteNcomplete rupture of the skin Z; approaches the
internal body impedance Z;.
NOTE 3 For the standard val system 3N ~ 230/400 V) it may be assumed that the
values of the total body imped as fora 6
NOTE 4 Values of Z7 are
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Table 3 — Total body impedances Z; for a current path hand to hand a.c. 50/60 Hz, for
large surface areas of contact in saltwater-wet conditions

Touch voltage
" Values for the total body impedances Z; (Q) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
25 960 1 300 1755
50 940 1275 1720
75 920 1250 1685
100 880 1225 1 655
125 850 1200 1620
150 830 1 1 590
175 810 1
200 790 1
225 770 1
400 700
500 625
700 575
1 000 575
Asymptotic value 575
= internal impedance

NOTE 1 Some measurements indicate that t
lower than for a current path hand to hand (1

3N ~ 230/400 V) it may be assumed that the

values of the total body impedance are t ge of 225 V.

NOTE 4 Values of Z7 are roun d toNg Q.

The values indi i
corpses and on li

~—"

have peen derived from measurements carried out on
, male$ and females) as described in Annex A.

The value of the intetnal body impedances Z; and of the initial body resistance R (see 4.6)
depend only to a small extent on the surface areas of contact.

However, when the surface area of contact is very small, in the order of a few square
millimetres, the values are increased.

After the skin has broken down (for touch voltages over approx. 100 V and after longer
durations of current flow), the total body impedance Z; approaches values of the internal body
impedance Z; and depends only to a small extent on the surface area of contact and its
condition of dampness.
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The measurements of the dependence of the total body impedance Z; on the surface area of
contact for a.c. 50 Hz in dry, water-wet and saltwater-wet conditions which have been carried
out on living persons at touch voltages of U = 25 V to 200 V are described in Annex A.

NOTE No data on Z; for surface areas in water-wet and saltwater-wet conditions of persons or corpses is
available for touch voltages above 200 V.

The dependence of the total body impedance Z; for a current path hand to hand on the
surface area of contact (from 1 mm2 up to approximately 8 000 mm?2) in dry condition for a
touch voltage range of 25V to 200V, a.c. 50 Hz, measured on one person is shown in
Figure 5. For touch voltages below 100 V and small surface areas of contact in the order of a
few mmz2, deviations in the measurements can easily reach about + 50 % of the average,
depending on temperature, pressure, location within the palm of the hand, e

The dependence of the total body impedance Z; between the tips of . efinger and
the left forefinger (surface area of contact approximately 250 mmz2y s oltage for

voltage of 200 V is on the order of 1 000 Q.

The measurements of the total body impedance ' G 5 and 6 have been
carried out on one living person only.

For a percentile rank of 5 %, 50 % and 9 living human beings on the
i is given for the total body
conditions:

o for large surface arpas of conta es have been presented in Tables 1, 2 and 3 for
dry, water-wet and|saliyrater-w v

50/60 Hz; @
e for medium s the values are presented in the following Tables 4, 5
and 6 for dry, W Saliw

e for small gu ontact, the values are presented in the following Tables 7, 8
and 9 for\dry, d saltwater-wet conditions for touch voltages Uy = 25V to
200

Table 4 -Tota impedances Z; for a current path hand to hand for medium surface

areas of contact irnpdry conditions at touch voltages U; =25V to 200 V a.c. 50/60 Hz

(values rounded to 25 Q)

Touch voltage
v Values for the total body impedances Z; (Q) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
25 11125 20 600 38 725
50 7 150 13 000 23 925
75 4 625 8 200 14 750
100 3 000 5200 9150
125 2 350 4 000 6 875
150 1800 3 000 5050
175 1550 2 500 4125
200 1375 2 200 3525
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Table 5 — Total body impedances Z; for a current path hand to hand for medium surface
areas of contact in water-wet conditions at touch voltages U; =25V t0200V a.c. 50/60 Hz
(values rounded to 25 Q)

Touch voltage Values for the total body impedances Z; (Q) that are not exceeded
v for
5 % of the population 50 % of the population 95 % of the population
25 5050 9 350 17 575
50 4100 7 450 13 700
75 3 400 6 000 10 800
100 2 800 4 850 8 525
125 2 350 4 000 6 875
150 1800 3 000 050

175 1550 2500 4 M5
200 1375 2 200 52

Table 6 — Total body impedances Z; for a current p
areas of contact in saltwater-wet conditions at =25 Vto200Va.c.
50/60 Hz (values rounde t 5

Touch voltage Q
" Values f@ﬁ@\ y{mpe%n }\{(’?that are not exceeded for
5 % of the popul &0 "/\Qf th\ptrﬁllatlon 95 % of the population

25 1795 \> 425 3275

50 1765 Q 2 390 3225

75 ) 2 350 3175

100 2 315 3125

125 [ 2 280 3075

150 Q 2 245 3 030

175 2210 2 985
2175 2 935

Table 7~T aI nces Z; for a current path hand to hand for small surface
areas~af ¢ dry condltlons at touch voltages Uy =25V to 200 V a.c. 50/60 Hz
(values rounded to 25 Q)

Touch voltage
" Values for the total body impedances Z; (Q) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
25 91 250 169 000 317 725
50 74 800 136 000 250 250
75 42 550 74 000 133 200
100 23 000 40 000 70 400
125 12 875 22 000 37 850
150 7 200 12 000 20 225
175 4 000 6 500 10 725
200 3 500 5400 8 650
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Table 8 — Total body impedances Z; for a current path hand to hand for small surface
areas of contact in water-wet conditions at touch voltages Uy =25V to 200 V a.c.
50/60 Hz (values rounded to 25 Q)

Touch voltage
" Values for the total body impedances Z; (Q) that are not exceeded for
5 % of the population 50 % of the population 95 % of the population
25 39 700 73 500 138 175
50 29 800 54 200 99 725
75 22 600 40 000 72 000
100 17 250 30 000 52 800
125 12 875 22 000 37 850
150 7 200 12 000 225
175 4 000 6 500
200 3500 5400 <\
Table 9 — Total body impedances Z; for a current p fop small surface
areas of contact in saltwater-wet conditions at teuch v It =25V to 200V a.c.

50/60 Hz (values rou de

Touch voltage &s)
v Values fa the\total body(impedan V4 ) that are not exceeded for
5 % of the popula on 0 °o f the ulation 95 % of the population
25 5 400 \> 300 9855
50 5105 Q 6 900 9 315
75 ) 6 550 8 840
100 6 200 8 370
5 850 7 900
5 550 7 490
5 250 7 085
5000 6 750
4.5.3 teknating current with frequencies up to 20 kHz
The values~f t dy impedance for 50/60 Hz decrease at higher frequencies due to

the influence of\the cgpacitances of the skin and approach, for frequencies above 5 kHz, the

The measurements of the total body impedance with frequencies up to 20 kHz at touch
voltages of 10 V and 25 V are described in Annex B.

Figure 10 shows the frequency dependence of the total body impedance Z; for a current path
hand to hand and large surface areas of contact for a touch voltage of 10 V and frequencies
from 25 Hz to 20 kHz.

Figure 11 shows the frequency dependence of the total body impedance Z; for a current path
hand to hand and large surface areas of contact for a touch voltage of 25 V and frequencies
from 25 Hz to 2 kHz. From the results, curves have been derived giving the dependence of
the total body impedance Z; of a population for the 50t percentile rank for touch voltages
from 10 V to 1 000 V and a frequency range from 50 Hz to 2 kHz for a current path hand to
hand or hand to foot for large surface areas of contact in dry condition. The curves are shown
in Figure 12.

NOTE No measurements have been carried out in water-wet and saltwater-wet conditions.
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4.5.4 Direct current

The total body resistance Ry for direct current is higher than the total body impedance Z; for
alternating current for touch voltages up to approximately 200 V due to the blocking effect of
the capacitances of the human skin.

The measurements of the total body impedance which have been carried out with direct
current for large surface areas of contact in dry condition are described in Annex C.

NOTE No measurements have been carried out in water-wet and saltwater-wet conditions.

The values for the total body resistance Ry for direct current determined in the way described
in Annex C are presented in Table 10 (see Figure 13, continuous lines).

For large surface areas of contact in water-wet and saltwater-wet

resistance Rt may be determined with sufficient accuracy fro while
neglecting small differences of Z; between a.c. and d.c. which ge range
below 100 V. For all other cases, the tables for a.c. can be used for estimate

Table 10 — Total body resistances Ry for a curre
for large surface areas of conta

Touch voltage
v g Values for the tota}@\%&%nz{é{t@that are not exceeded for
5 % of the poﬁ\kau}x{ 50\% of\be popu atlon 95 % of the population
25 2100 \a~7~5/ 7 275
50 1600 5325
75 Q 4100
100 1900 3 350
125 1675 2 875
150 [ 1475 2 475
175 1350 2 225
200 1275 2 050
225 < 1225 1900
400 950 1275
500 850 1150
700 775 1050
A\ N 775 1050
Asymptotig valle N 575 775 1050

NOTE 1

rements indicate that the total body resistance R; for the current path hand to foot is

Somew

somewhat lower than

current path hand to hand (10 % to 30 %).

NOTE 2 For living persons, the values of Ry correspond to a duration of current flow of about 0,1 s. For longer
durations Ry values may decrease (about 10 % to 20 %) and after complete rupture of the skin Ry approaches the
initial body resistance R,.

NOTE 3 Values of Ry are rounded to 25 Q.
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4.6 Value of the initial resistance of the human body (R,)

The value of the initial resistance of the human body R, for a current path hand to hand or
hand to foot and large surface areas of contact can be taken as equal to 500 Q for a
percentile rank of 5 % for a.c. and for d.c. The values for 50 % and 95 % of the population can
be taken as equal to 750 Q and 1 000 Q respectively (similar to Table 1). The values depend
only little on the surface areas of contact and on conditions of the skin.

NOTE The values for initial resistance Ry are somewhat lower than the asymptotic values for the total body
impedance Z; for a.c. 50/60 Hz and the total body resistance Ry for d.c., because when contact is made the
capacitances of the skin and the internal capacitance of the body are uncharged.

5.1 Threshold of perception

The threshold depends on several pargmeters, s the body in contact with an

~\prepsure, temperature), and also

Immobilisation i means the effect of electric current such that the body of the
i part of the body) cannot move voluntarily.

through associated wérves or the associated part of the brain.

The values of current which cause immobilisation depend on the volume of the muscles
affected, the type of nerve and the parts of the brain affected by the current.

5.4 Threshold of let-go

The threshold of let-go depends on several parameters, such as the contact area, the shape
and size of the electrodes and also on the physiological characteristics of the individual.

A value of about 10 mA is assumed for adult males in this technical specification.
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In this document a value of about 5 mA covers the entire population (for additional
information, see Figure 23).

5.5 Threshold of ventricular fibrillation

The threshold of ventricular fibrillation depends on physiological parameters (anatomy of the
body, state of cardiac function, etc.) as well as on electrical parameters (duration and
pathway of current flow, current characteristic, etc.). A description of heart activity is given in
Figures 17 and 18.

With sinusoidal a.c. (50 Hz or 60 Hz), there is a considerable decrease in the threshold of
fibrillation if the current flow is prolonged beyond one cardiac cycle. This effect results from

In adapting the results from animal exp
Figure 20) was conventionally establi
which fibrillation is unlikely to occur. short durations of exposure between
10 ms and 100 ms was chosen as a d o 500 mA to 400 mA. On the basis of
information on electrical qcci durations longer than 1 s was chosen

By statistical ev i i c nts curve c; and curve c3 (see Figure 20) have
been established de 3

With currents of several amperes lasting more than seconds, deep-seated burns, and other
internal injuries, may occur. Surface burns may also be seen.

High voltage accidents may not result in ventricular fibrillation, instead giving other forms of
cardiac arrest. This is shown in accident statistics and confirmed by animal experiments.
However there is at present insufficient data to differentiate the likelihood of these conditions.
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Ventricular fibrillation is fatal because it denies blood flow which transports required oxygen.
Electrical accidents that do not involve ventricular fibrillation can also be fatal. Other effects
may affect respiration and might prevent the person from shouting for help. These related
mechanisms include functional disturbance of respiratory control, paralysis of respiratory
muscles, damage to the neural activation pathways for these muscles, and damage to the
respiratory control mechanism within the brainstem. These effects, if permanent, lead
inevitably to death. If a person is to recover from a reversible respiratory effect, prompt
artificial respiration is mandatory. Nonetheless, the person may still die. If current flows
through critical parts such as the spinal cord or the respiratory control centre, death can
occur. These effects are under consideration and thresholds are not yet defined.

High transmembrane electric fields can damage cells, especially long slender cells, such as
skeletal muscle cells. This is not a thermal effect. This has been obseryed fox example with
with high-
nduce the

Figure 14 shows the dependence of Jes 9 skin on current density, it
(mA/mmZ2) and duration of current flow.

e between 10
swelling of wh

of the skm in spite\of fatal current magnitudes.
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5.8 Description of time/current zones (see Figure 20)

Table 11 — Time/current zones for a.c. 15 Hz to 100 Hz for hand to feet pathway —
Summary of zones of Figure 20

Zones Boundaries Physiological effects
AC-1 Up to 0,5 mA | Perception possible but usually no ‘startled’ reaction
curve a
AC-2 0,5 mA up to | Perception and involuntary muscular contractions likely but usually no harmful
curve b electrical physiological effects
AC-3 Curve b and Strong involuntary muscular contractions. Difficulty in breathing. Reversible
above disturbances of heart function. Immobilization may oc Effects increasing
with current magnitude. Usually no organic damage ﬂ(?;mge\cted
AC-4 1) Above curve Patho-physiological effects may occur such as , breqthing arrest,
¢y and burns or other cellular damage. Probabilify of ventrictlar fibrillation

¢4y AC-4.1 Probability of ventricular fibyi
cy=Cq AC-4.2 Probability of ventricular fibri

lar fibribationabove 50 %

Beyond curve | AC-4.3 Probability of ventri
c
3

1) For durations of current flow below 200
if the relevant thresholds are surpassed/
current which flows in the path left ha
considered.

f currents 1, through paths other than left
of ventricular fibrillation as that corresponding

hand to feet whi e
to I, left hand t

— Iref
F
where
e 08 the path left hand to feet given in Figure 20;

I, is the bod nt for paths given in Table 12;

F is the heart-curfent factor given in Table 12.

NOTE The heart-current factor is to be considered as only a rough estimation of the relative danger of the various
current paths with regard to ventricular fibrillation.

For different current paths, the following heart-current factors are given in Table 12.
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Table 12 — Heart-current factor F for different current paths

Current path Heart-current factor F
Left hand to left foot, right foot or both feet 1,0
Both hands to both feet 1,0
Left hand to right hand 0,4
Right hand to left foot, right foot or to both feet 0,8
Back to right hand 0,3
Back to left hand 0,7

Chest to right hand
Chest to left hand
Seat to left hand, right hand or to both hands

Left foot to right foot

EXAMPLE A current of 225 mA hand to hand has the same likelihodd of\produ ventricular fibrillation as a
current of 90 mA left hand to both feet.

6 Effects of direct current

NOTE 1 The term "direct current” means ripple- i . vever, as regards fibrillation effects, the
data given in this clause are considered to be gonservativ t.currents having a sinusoidal ripple content of

An example of a touch ' i are shown in Figure 21.

6.1 Threshold

These thresholds’depe S parameters, such as the contact area, the conditions of
contact (dryness, S , temperature), the duration of current flow and on the
physiologicalchara i he individual. Unlike a.c., only making and breaking of current
is felt and X ensati g noticed during the current flow at the level of the threshold of
percepti ditions comparable to those applied in studies with a.c., the threshold of

6.2 Threshold offimmobilization and threshold of let-go

Unlike a.c. there is no definable threshold of immobilization or let-go for d.c. Only making and
breaking of current lead to painful and cramp-like contractions of the muscles.

6.3 Threshold of ventricular fibrillation

As described for a.c. (see 5.5), the threshold of ventricular fibrillation induced by d.c. depends
on physiological as well as on electrical parameters.

Information derived from electrical accidents seems to indicate that the danger of ventricular
fibrillation generally exists for longitudinal currents. For transverse currents, experiments on
animals have, however, shown that at higher current intensities ventricular fibrillation may
also occur.
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Experiments on animals as well as information derived from electrical accidents show that the
threshold of fibrillation for a downward current is about twice as high as for an upward current.

For shock durations longer than the cardiac cycle, the threshold of fibrillation for d.c. is
several times higher than for a.c. For shock durations shorter than 200 ms, the threshold of
fibrillation is approximately the same as for a.c. measured in r.m.s. values.

Curves derived from animal experiments have been constructed that apply to longitudinal,
upward (feet positive) current. Curves ¢, and c3 in Figure 22 show the calculated
combinations of current magnitude and duration at which the probabilities of ventricular
fibrillation of the animals are about 5 % and 50 % respectively when the current path is
longitudinal through the body (i.e. left foreleg to both hind legs). Curve c,-shows current and
duration combinations below which the likelihood of ventricular fibrillation is estimated to be

hand to feet threshold current for a healthy human might be iy NmA for long
durations of current. However, not all human hearts are he ladies can
affect the ventricular fibrillation threshold. Some people eaxt conditions have
ventricular fibrillation thresholds below normal, but e jeduction is not
precisely known. Therefore, it is recommended that’the cij\li in” the figure that is
i i ' hreshold for humans
as a conservative estimate. There are no (Kn e i accidents that show an
electrocution below the ¢4 curve. This ngi ' is” probably conservative for

Transverse curr ) i ough the human body for several minutes might,
increasing with thwe ane S ause reversible cardiac dysrhythmias, current marks,
burns, dizziness wconsciousness. Above 300 mA, unconsciousness
frequently occurs

Effects such 2
a.c. circuits.

electkoporation (see 5.6) can result from contact with d.c. circuits as well as

Related non-electrical injuries, such as traumatic injury, should be considered.
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6.5 Description of time/current zones (see Figure 22)

Table 13 — Time/current zones for d.c. for hand to feet pathway —
Summary of zones of Figure 22

Zones Boundaries Physiological effects
DC-1 Up to 2 mA Slight pricking sensation possible when making, breaking or rapidly altering
curve a current flow
DC-2 2 mA up to Involuntary muscular contractions likely especially when making, breaking or
curve b rapidly altering current flow but usually no harmful electrical physiological
effects
DC-3 Curve b and Strong involuntary muscular reactions and reversible disfurbances of
above formation and conduction of impulses in the heart y occw, increasing with
current magnitude and time. Usually no organic age to besexpected
DC-4 ") Above curve ¢, Patho-physiological effects may occur such
arrest, and burns or other cellular damage.
fibrillation increasing with current magni
cy-¢y DC-4.1 Probability of ventricular fibrill
€y=Cq DC-4.2 Probability of ventriculardibril
Beyond curve ¢, DC-4.3 Probability of ventri};ﬂTﬁﬁQn

which flows in the path left hand to feet and forapward cufreny,
to be considered. (&K

6.6 Heart factor

The heart factor F applies tQ

9,

IEC 980/05

Key

Z; internal impedance
Zg1, Zgo impedance of the skin

Z7 total impedance

Figure 1 — Impedances of the human body
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10,0

IEC 1409/13

NOTE In order to

Z;, for all parts of the pod
surface areas of contact
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Zipl5

Zip Zip

982/05
Key
Zip
NOTE The internal impedancefom Q b is\approximately 75 %, the impedance from both hands

to both feet 50 % and the i nk of the body 25 % of the impedance hand to hand

or hand to foot.

Figure 3 - Sim atic™di : or the internal impedances of the human body
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Total body impedance Zt —
N

5N
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100 200 300 400

o

D e
\ggﬁ 00 \_ 7007V
age Ut
IEC 983/05

Key

1 dry conditions (Table 1)

3 saltwater-wet conditions\(Table
Figure 4 — Totaﬁ i

surface areas of ¢o i

rank of 50 %

50 %) for a current path hand to hand, for large
ater<wet and saltwater-wet conditions for a percentile
r touch voltages U =25V to 700 V, a.c. 50/60 Hz
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Key

(For further details, see Annex D)

(/0

o

1 Surface area of contact 8200 mm?2
2 Surface area of contact 1250 mm?2
3 Surface area of contact 100 mm?2
4 Surface area of contact 10 mm?2
5 Surface area of contact 1 mm2

(Breakdown of the skin at 220 V)

Figure 5 — Dependence of the total impedance Z; of one living person on the surface
area of contact in dry condition and at touch voltage (50 Hz)
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10

Total body impedance Zt

0

NN :

T T
y| 150 175 0o Vv
Touch valta Ur ——

IEC 985/05

1

measuredion one living person, touch voltage range Ut =25V to 200 V, a.c.
50 Hz, duration of current flow max. 25 ms
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IEC 986/05

Key
1 larges ontact, elé€trodes type A (order of magnitude 10 000 mm?2), according to Table 1
2 middle sized sb face\areas of)contact, electrodes type B (order of magnitude 1000 mm?2), according to Table 5

3 small surface areas of sontact, electrodes type C (order of magnitude 100 mm2), according to Table 8

Figure 7 — Dependence of the total body impedance Z; for the 50th percentile rank
of a population of living human beings for large, medium and small surface areas
of contact (order of magnitude 10 000 mm2, 1 000 mm2 and 100 mm? respectively)
in dry conditions at touch voltages U; =25V to 200 V a.c. 50/60 Hz

Documents

Document Sharing Hub

Full document details: IEC TS 60479-12005


http://www.avadocuments.com/doc/iec-ts-60479-1-2005
http://www.avadocuments.com/doc/iec-ts-60479-1-2005

