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Other f orS {hat affect a deCISlon whet o drive generally very effective enoonsumm;; pipes and water mains
. : to which they were‘connected were all metal-to-metal joints,
dceg HIICK D At SHpAP sl mdg i i the use of pub] }-\raler-plpcs for this purpose has not been

are the steep rise in the energy required to drive
11 with increase in depth and the’eost of couplings.
former can be offset by redﬁ(‘ing the diameter of
the rods, since a 13 mm diameter rod can be driven to
considerable depths without deformation or bending if
the technique of using a large number of comparatively
light blows is adopted rather than a smaller number of
blows with a sledge hammer. Power-driven hammers
suitable for this purpose are available.

In cases where impenetrable strata or high resistivity
soil occur at relatively small depths, considerable
advantage may result from driving rods at an angle of
about 30° to the horizontal, thus increasing the length
installed for a given depth.

14.2.3 Strip or Conductor FElectrodes

These have special advantages where high resistivity
soil underlies shallow surface layers of low resistivity.
The minimum cross-sectional area of strip electrodes
shall be according to 12.1.1. If round condigctors are
used as earth electrodes, their cross-sectional area shall

not be less than the sizes recom:gﬁded for strip
electrodes. The resistance R is given by:
",

p = rc:smhv:p“éf soil (€.m) (assumed uniform); \“prolectuc purposes. Bonding Ofﬁ

&
100p 4/ N\
R=——1log,— ohms »
where )
! = n%:gfmestnpmcmand @)
d = (strip) or twice the dlame\%r
onductors); in cm. p \Z\
onld be taken in positioning thésé electrodes,
,\ ially to avoid damage by agrigt operations.

1gure 23 shows the variation of calculatcd carth-
resistance of strip or conductor electrodes with length
fora soil resistivity of 100 £2.m. The effect of conductor
size and depth over the range normally used is very
small,

If several strip electrodes are required for connection
in parallel in order to reduce the resistance. they may
be installed in parallel lines or they may radiate from a
point. In the former case, the resistance of two strips at
a separation of 2.4 m is less than 65 percent of the
individual resistance of cither of them.

14.2.4 Water Pipes
Water pipes shall not be used as consumer earth
electrodes.

NOTE — In urban districts and other areas where plpnd\u‘ler
supply is available the use of water pipes for consumers” earth
electrodes has been common in the past, Though this was

S

acceptable formiany years because of the use of non-conducting
material fs)j‘cﬁ)pes on new installations and for replacement
purposes \Jainting techniques now being used do not ensure
electrical continuity of metallic pipes.
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For new installations, therefore, a public v.aler"plpe
may nnrb\é,used as a means of earthing. pipe
s»slpms/bf services other than watep- s%n’lcc (for

x%m;ﬂc for flammable liquids or\gas&s heating
systems, etc) shall not be used as earth electrodes for
water service with
the exposed metalwork of Ihe;el;tlncal installation (on
the consumers’ side of any-ipsulating insert) and any
other extrancous metalwork to the installation earthing
terminal is, however issible and indeed necessary
in most cm.:umsmtlces subject to the provision of
earthing delhIi\é/l.h&I are satisfactory before these
bonding co ions are made.

For existing installations in which a water pipe is used
as a sole earth electrode: an independent means of
carthing should be provided at the first practicable
opportunity.

14.2.5 Resistance of an Electrode Encased in Low
Resistivity Material, for Example, Conducting
Concrete

The resistance of a backfilled electrode R, in ohms (£2)
may be calculated from:

R =

u.o ) llog, [SLJ 1+

pﬁoge[s ) 1]}
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where
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,@\ = theresistivity of the conductingmalerial used
A _

for the backfill, in ohm
= the length of rod, in
= the diameter of

(£2.m);
(m);
in metres (m).

14.2.6 Cable Sheaths

Where an extensive underground cable system 1s
available, the lead sheath and armour form a most
effective earth-electrode. In the majority of cases, the
resistance Lo earth of such a system is less than 1 QA
freshly installed jute or hessian served cable is insulated
from earth, but the insulation resistance of the jute
deteriorates according to the moisture content and
nature of the soil. However, cable sheaths arc more
commonly used to provide a metallic path to the fault
current returning to the neutral.

14.2.7 Structural Steelwork

The resistance to earth of steel frames or reinforced

concrete buildings will vary considerably aecording to
the type of soil and its moisture content, e design
of the stanchion bases. For this reason, its essential to

measure the resistance to earthi of ‘any structural
steelwork that it is employing asigﬁ frequent intervals
thereafter. &n
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On the assumption th %presenta:ive value of a
footing resistance ca
of all similar foot
arranged in a
obtained
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ot i0 Ohms (€2), assumed to
oximately rectangular plan, m
e following:
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where
R, = the resistance of one footing, in ohms (£2);
% = the factor from Table 6;
p = the resistivity of the soil, in ohm metres
(Cxm):
s = the spacing of footings, in metres (m);

n = the number of footings used as electrodes.

NOTE — This equation is based on the assumption that the
spacing between adjacent electrodes is such that the ratio
P/2rR, 5 is less than approximately 0.2.

The larger proportion of the resistance is due to the
concrete to earth immediately around the metal work
and is dependent on its moisture content. After
construction and with the passage of time this moisture
content will approach equilibrium with that of the soil,
and will usually be drier than when ﬁry@

The resistance to earth of a rchfSiﬁed concrete
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Table 6 Fnctoriz‘l\lr ertical Electrodes Arranged
a Hollow Square
ses 14.2.7 and 14.2.11.5)
S| "(/vﬂunﬂ:er of Electrodes (n) Factor i
No. Along the Side of the
) Square

(1) (2 3)
i) 2 270
ii) 5 451
iii) 4 5.46
iv) 5 6.14
V) [ 6.63
vi) 7 7.03
vii) & 730
viii) 9 7.65
ix) 10 790
x) 12 8.22
i) 14 867
xii) 16 895
xii) 18 922

xXiv) @o 9.40

NOTE — The q@iher af electrodes around the square

4 (n-1). {&' &

oy wy
t

foundation R, in ohms (£2) may be c?bg% ed by
ass@mirg that only the vertical reinf y rods are

onded to the building structure the earthing

Q

btained, the combined effect ’\t}v-ﬂcm It may be assumed that @mds are equally
bV spaced in symmetrical palien{>\/

1 » e} 2I
R=ﬁ["=‘f’h'ﬁ“;]+”‘°ge(?}
K&

p =1 \ii\stivily of the soil, in ohm metres
(Clm);

where

p,Qw@Lhe resistivity of the concrete, in ohm metres
(C2my);

L = the length of reinforcing rod below ground
level, in metres (m);

A = the thickness of the concrete between rods
and soil, in metres (m); and

z = the geometric mean distance of rod cluster,

i metres (m) (see Table 7).

14.2.8 Reinforcement of Piles

At power stations and large substations, 1t is often
possible to secure an effective carth-clectrode by
making use of the reinforcement in concrete piles.
The earth strap should be bonded to a minimum of
four piles and all the piles between the bonds should
be bonded together, Each set of four piles should be
connected to & main earthing-strap of th&<}

substation. = N\ v
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