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ELECTRICAL SAFETY
Electric Shock

An electric shock is experienced by a person when an
electric current flows through their body as a result of
being connected to an electrical supply voltage.  The
measure of an electric shock's intensity is based on the
amount of current (amperes) flowing through the body
and its duration.

Fig. 15 shows the physiological effect of various current
magnitudes and Fig. 16 the effect of current duration.

The magnitude of the current is proportional to the
supply voltage (i.e. 240V in the case under
consideration) and inversely proportional to the
impedance of the current path (i.e. Current =
Voltage/Impedance).  A complete current path must be
available for the current to flow and in general with
electric shock situations, this path is provided by the
current flowing through the body to the general ground
earth, or to a local earth such as a water pipe.  A simple
pictorial view of a typical electric shock situation is
shown in Fig. 17.

 Fig 16
The magnitude of the current is proportional to the supply voltage (i.e. 240V in the case
under consideration) and inversely proportional to the impedance of the current path
(i.e. Current = Voltage/Impedance).  A complete current path must be available for the
current to flow and in general with electric shock situations, this path is provided by the
current flowing through the body to the general ground earth, or to a local earth such as
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Fig. 16  (BELOW)  Zones of effects of AC currents
(50/60 Hz) on adult persons
Zone 1 Usually no reaction effects
Zone 2 Usually no harmful physiological effects
Zone 3 Usually no organic damage to be expected.
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a water pipe.  A simple pictorial view of a typical electric shock situation is shown in
Fig. 17.
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Fig. 17  Simple pictorial view of electric shock situation

The victim of Fig. 17 is touching a 240V active conductor and the current which flows
will depend upon the body resistance and the impedance Z between the body and earth.
Predicting the current that is li kely to flow is very diff icult because of the many factors
which influence it, for example, whether the body skin is moist or dry, the contact area
and pressure (i.e. whether the object is touched or gripped) and the impedance between
the body and general mass of earth.  The skin resistance may vary from 1,000 Ohms for
wet skin to over 500,000 Ohms for dry skin.  Table 1 shows human resistance for
various skin-contact conditions and Table 2 shows the resistance values for various
materials.

TABLE 1
Human Resistance for Various Skin - Contact Conditions

CONDITION RESISTANCE       OHMS
(AREA TO SUIT) DRY WET

Finger touch 40k - 1M 4 - 15k

Hand holding wire 15k - 50k 3 - 6k

Finger thumb grasp 10 - 30k 2 - 5k

Hand holding pliers 5 - 10k 1 - 3k

Palm touch 3 - 8k 1 - 2k

Hand around 37mm pipe (or drill handle) 1 - 3k 0.5 - 1.5k

Two hands around 37mm pipe 0.5 - 1.5k 250 - 750

Hand immersed ----------------- 200 - 500

Foot immersed ----------------- 100 - 300

Human body, internal, excluding skin 200 to 1,000 ohms
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TABLE 2
Resistance Values for Equal Areas (130 cm2) for various materials

MATERIALS RESISTANCE,   OHMS

Rubber gloves or soles More than 20M

Dry concrete above grade 1  -  5M

Dry concrete on grade 0.2  -  1M

Leather sole, dry including foot 0.1  -  0.5M

Leather sole, damp, including
foot

5k  -  20k

Wet concrete on grade 1k  -  5k

Consequently a multitude of possibiliti es exist, depending upon the resistance to earth,
which could theoretically be as low as 1,000 Ohms (or even less) for wet skin, a large
contact area with the active connection and direct contact with earth, or as high as
several milli on Ohms if the body is well i nsulated from earth.

Taking the case of 1,000 Ohms would give 240 mA, which is potentially lethal as may
be seen from Fig. 15.  The 240 mA is not suff icient to blow the fuse and theoretically
this current could flow indefinitely satisfying the duration requirements of Fig. 16.  If
the extreme of high resistance to earth is taken, then the electric shock would be below
the threshold of sensation and would not even be detected.

One danger of electric shock in a practical situation occurs when the equipment has a
metal frame and the active terminal comes loose and touches this frame.  The metal
frame conducts the electric current from the active conductor to all parts of the frame
and a person touching any part of the frame can receive an electric shock (see Fig. 18).

To help overcome this danger of electric shock, in the many milli ons of examples of
such equipment used throughout the World, all exposed metal parts are normally
required to be connected to earth via a special conductor provided for the purpose (see
Fig. 18).

Z

Earth return  

Conducting frame

Fig. 18  Simple pictorial view of protection against electric shock situation
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Double insulation

Double insulation is often used as a method of helping prevent accidental contact with
live parts.  With double insulation there are two levels of insulation; one is functional
insulation which insulates the electrical conductors and the second is protective
insulation on the casing.  This system has the advantage that it does not rely upon earth
continuity being maintained.  Note that with earthed equipment, if earth continuity is
lost the equipment will perform normally and if not regularly checked, the equipment
could operate for years in this manner until a potentially lethal fault occurs.  Double
insulation works well with equipment such as radios, but is diff icult to apply to an
electric drill because of its exposed metal portions.  The drill i s potentially dangerous
because it is possible to drill i nto a hidden 240 Volt conductor in a wall and the metal
chuck is then at 240 Volts with respect to earth.  This system is only fully safe when
there is no exposed metal.

Earth leakage circuit breakers

Earth leakage circuit breakers (ELCBs) are devices which interrupt the current in the
circuit whenever a predetermined level of current (usually 30 mA) to earth is detected.
Their purpose is to help prevent electrocution accidents for the cases where the current
flows through the body to the general ground mass earth.

Fig. 19  Diagram of Principle of Core-Balance Protection

Under healthy conditions the currents in the conductors passing through the toroidal
transformer are balanced, there is therefore no flux induced in the core and no voltage
induced in the secondary coil of the transformer.

Should some current flow to earth through a fault and thus return to the supply
transformer without returning through the appropriate primary of the core-balance
device, then the vector sum of the currents through the primaries will be equal to the
earth fault current.  A magnetic flux will t hen be generated in the toroidal core and a
voltage induced in the transformer secondary.  This voltage is used to trip the circuit
breaker.

Electrical fires

All practical conductors of electricity exhibit some resistance to the flow of electrical
current.  The power dissipated in this resistance is given by I2R, where I is the current
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flowing through the conductor and R is its electrical resistance.  The product of power
and time is energy and this energy  manifests itself in the form of heat.  The production
of heat is therefore inherent in any electrical system.  Normally an electrical system
will be designed and built so that the heat generated will be minimized and dissipated
safely.

If the heat developed within the system is not dissipated effectively, it may build up to
a dangerously high level, which may ignite a surrounding building or its contents, or
alternatively cause failure of the electrical system itself, which may in turn cause
ignition to the surroundings.

Electrically initiated fires can be separated into two major classifications, as follows:
(a) Fires originating within the electricity supply system of a building.
(b) Fires originating within the electrical utili zation equipment.

The electrical supply system comprises the permanent part of an installation and
includes electrical cables, the meter panel, junction boxes, power and light sockets and
switches.  Electrical utili zation equipment includes appliances and fixtures connected to
the electrical supply system.  Such equipment may be permanently connected, such as
stoves, or cord connected with a plug, such as a TV set.

If properly installed and maintained the electrical supply system of a building should
produce very minimal fire risk, the work being carried out by a licensed contractor, in
accordance with specific wiring rules.  Nevertheless, fires initiated by the electrical
supply system do occur although, in the opinion of the writer, considerably less often
than claimed.

In an attempt to remove some of the mystery attached to the use of electricity and in
particular its abilit y to start fires, some of the more common electrical fire initiating
mechanisms will be considered.

Short circuits

Fig. 20 shows a simple schematic diagram of a three-phase electrical supply system.
The voltage (supply pressure) between the conductors connected to each of the three-
phases, of household and many industrial three-phase systems, is 415V, although for
households, only a single-phase 240V supply is normally used.  The current flowing in
the supply system is given by the supply voltage divided by the impedance (i.e. I =
V/Z).  The current which flows in most household electrical loads is a few amps and
therefore this resistance is typically of the order of 100 Ohms (i.e. I = 240/100 = 2.4A).
Most of this resistance occurs within the electrical load (utili zation equipment), but a
very small part is due to the resistance of the actual supply conductors.  The precise
resistance of the supply conductors will depend upon the type of material (i.e. copper or
aluminium), cross sectional area and length of the cable.

 Fig. 20  Three-phase supply showing fault conditions
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For convenience, assume that the resistance of the supply wiring is one Ohm (this will
be approximately correct).  If now an electrical conductor is connected between the two
supply wires, the flow of current now has an alternative, and very much easier path, as
shown in Fig 20.  Under this condition the electrical supply is said to be short circuited,
and the resistance of the current path is now only approximately one Ohm and the
current is increased to I = 240/1 = 240A.  The current has been increased by a factor of
100 and because the power dissipated in the supply conductors is equal to I2R, the
power dissipated in the conductors as heat, has been increased by a factor of 10,000.  If
this amount of power were allowed to be dissipated in the electrical wiring for any
more than a few seconds, the temperature rise in the electrical conductors would be
very large and would undoubtedly set fire to the conductor insulation.

Electrical short circuits are rendered harmless, by limiti ng the duration of the power
dissipation to only a fraction of a second. This is achieved by placing a fuse or circuit
breaker in the supply.  Normally the fuse ruptures, or the circuit breaker operates,
extremely quickly and there is no noticeable increase in supply conductor temperature.
Normally the current due to the short circuit is so large that even with incorrect fuse
wire, the risk of f ire is minimal.  In rare cases, the fuse has effectively been bypassed
by the use of the proverbial nail or penny, in which case the risk of f ire in a short
circuit condition becomes very real.  Short circuits can also occur from the live (active)
conductor and earthed metal, such as water pipes, because the supply neutral conductor
is also connected to earth, back at the supply transformer.  (see Fig. 20)

High resistance short

Often the short circuit described above, has itself significant resistance, in which case
the short-circuit current which flows is reduced, often to a value less than the normal
electrical load and therefore too low to operate the fuse or circuit breaker. This type of
electrical fault will persist until it clears itself, or alternatively may worsen possibly
causing electrical arcing and ignition of the insulation system, or adjacent combustible
material.

High resistance connection

Before it reaches the electrical load, the electrical supply wiring passes through
electrical connections such as those in the supply meter panel, junction boxes, plug
sockets, etc. If these connections are adequately secured, the resistance at the point of
connection is low. However, if the securing screws are loose, the resistance at the point
of connection is often high. Because the power is given by I2R, for the same current,
which can be within the rating of the system, the power absorbed by the connection is
correspondingly larger.

Because the current is normal, the fuse or circuit breaker cannot detect this type of
fault, and the energy dissipated in the connection can be large, resulting in a subsequent
rise in temperature.  Eventually electrical arcing occurs at the connection and the fault
is either detected, normally due to poor performance of utili zation equipment, or
alternatively the fault worsens and causes an ignition of adjacent combustible material.

Utili zation equipment

From a fire investigatory standpoint, electrical appliances can be separated into two
categories, those appliances which produce and utili ze significant quantities of heat for
some specific purpose such as space heating, cooking, etc. and those appliances which
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do not. Examples of the former are electric heaters, electric blankets, soldering irons,
deep-fat fryers, etc. and examples of the latter are television receivers, radios, electric
lights, food mixers, refrigerators, vacuum cleaners, etc.

In the former case, the heat that is produced is a product of passing electrical current
through a resistance.  In some of the appliances, the heat output is controlled or
regulated by a thermostat or other device, so as to remain within a safe operating range
(e.g. electric blankets, irons, deep-fat fryers).  In other appliances, the heat produced is
not controlled but is a maximum for the current/resistance combination of the
appliance.  Because of the high temperatures produced in these appliances, guarding,
shielding, fan cooling, or careful placement of the heating element are used to prevent
accidental ignition of nearby combustible materials.

In general, there are four failure modes in these heat-producing appliances which may
lead to fires.  These are:

a) The heat regulating mechanism fails, allowing an overheat condition to develop,
e.g. thermostat failure in a deep-fat fryer.

b) Combustible materials are brought too close to the appliance, e.g. clothes draped
over a chair in front of an electric heater.

c) The appliance is installed or used without adequate clearances to combustible
materials, e.g. table-top broiler used under wooden kitchen cabinets.

d) Shielding installed to prevent transmission of heat to adjacent surfaces is
removed, e.g. removal of the metal plate on the bottom of a hotplate allowing the
heating coil to radiate downward as well as upwards.

With respect to the second class of equipment, which are not designed to produce heat,
these can be divided into two types, those that use electric motors e.g. vacuum cleaners,
washing machines etc. and those that predominantly use electronic circuitry, e.g.
television receivers, radios etc.

Motors in appliances rarely cause fires which extend beyond the appliance itself.  In the
case of electronic equipment, most problems occur at the power entry end of the
equipment, which usually involves a transformer, rectifier and associated filtering
capacitors.


