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CODE OF PRACTICE : EARTH SYSTEMS FOR ELECTRIC LIGHT AND POWER AND TRACTION
INSTALLATICNS

At all future Electric Light and Power and traction installations, the
existing method of earthing by using earth spikes made of galvanised water
pipe as depicted on drawing number CEE-E1B-142 and described in circular
ENW-10/133 of the 3 September 1952, will be superseded by a deep earthing
system as first choice, If, however, a survey indicates that a deep earth
is not possible, a trench type earth may be installed. The deep earthing
system incorporates the use of copper coated steel electrodes (similar

to Copperweld) which are driven into the ground to the depth necessary 4
to give a required earth resistance of 5 ohms or less, !\

The following procedure for the installation of the earthing system 1
outlined below for the guidance of System Electrical Engineers sident
Engineers and other staff concerned.

be used and the best possible position of arthing system within
the limits of the site available,

EQUIPMENT REQUIRED FOR SURVEY :;

(i) A null balance Me Qer‘ type of resistance

measuring instrument with 4 terminals plus a guard terminal
and its own curgent tor). The instrument must
be designed bleck stray DC currents.

(ii) Five me r approximately 450 mm long to be used
as t kes,
(iii) ureighnt s of insulated wire to connect the test spikes
Wl he 4 terminals of the instrument. To ensure soil
sistivity down to 45 metres, two of the wires should
befabout 90 metres long and two about 30 metres long.
t is most convenient tc use wires of different colours

on spocls mounted on a shaft for rapid unwinding and

A, SURVEY
A survey is necessary to determine the type of! ear system to

rewinding.
A
- SUREMENT OF THE AVERAGE RESISTIVITY OF THE SOIL

The method described gives results that are accurate enough for

all practical purposes wherever the stratification of the subsoil

is more or less regular. In cases where the strata are very irregular
the results may only approximate and in extreme cases they may be
meaningless,
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The four test spikes A, B, C and D are placed as shown in Annexure A -
symmetrically in relation to the point at which the soil is to be measured

in a straight line and at equal intervals "a", The fifth spike, G is driven
equidistant from B and C and connected to the guard terminal on the instrument
and it should be stressed that the accuracy of the distance between spikes

is most important. The spikes should not be driven more than about 300 mm

into the ground.

The two outer spikes 8 and D (current spikes) are connected to the current
terminals of the test instrument. The two inner spikes B and C (potential
spikes) are connected to the potential terminals of the test instrument.

A current generated by turning the crank of the test instrument passes
through the two outer spikes and the instrument measures the voltage between
the two inner spikes, The relation is given directly on the dial of t

test instrument as "r" or resistance in chms.

The reading "r' must in turn be converted to a figure expressi he average
resistivity of the scil : vertically, between the surface a
equal to 75 % of interval "a" and horizontally between the t ntial

spikes. The formula for the conversion is :-

P = 2 ra
in which p is the soil resistivity value in o t

r is the instrument reading in ohms
a is the distance between test s .

The soil resistivity figure obtained ds t erage (or apparent) of all
the layers of soil between the surface and a certain depth "D". This depth
is considered to be 75 % of the ta

words :-

'a" between the spikes, In other
D=0,

The resistivity of th 1§s§ measured down to successively greater depths
by increasing the, @i ce® "a" as shown in the following typical series

of measurementss’ -

Distance }\e‘ Depth (metres) Test reading Resistivity
g upr (Oth) 1y (ohm metr'es) npn

1,5 90 1 140

3 21,5 538

8 6 10 502

12 9 5,5 415

24 18 3 450

40 30 2 502

49,2 37,5 1,5 470

As the soil is rarely uniform to any great depth, the purpose of taking
resistivity measurements at successive depths is to determine at what
depths, to what extent and in what direction (up or down), the resistivity
changes. These measurements indicate which layers of soil are most useful
for obtaining a good earth connection,
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CALCULATION OF RESISTANCE OF EARTH ELECTRODES

The next step is to convert the series of resistivity measurements taken,
into a corresponding series of figures showing the resistance "R" which

sould be given by a single earth electrode driven to successively greater
depths at the same point.

The conversion is made by the formula :-

R = 0,366 p x log (3D)
D d

Where R is the resistance of the electrode in ohms,
P is the resistivity measurement at a particular depth in ohm-me ‘E
D is that depth in metres
d is the diameter of the earth electrode to be used in metres,

For example, in the typical case described above, the resistanc 1§§§’t
rod driven 3 metres is calculated as follows :-

R = 0,366 x 538 x log (3 x 3)
' = 9,075 ohms O

R = 160 ohms (approx.) 4
IMPORTANT NOTES :;

Caution should be exercised to ensure it urvey is not executed

close to buried conductors, i,e, metallic pipes, electric cables, existing
earthing system ; or near the metallic\gcopductors running above ground
which are frequently earthed, i ences and overhead transmission lines.
The reason for this is that acc of the survey depends upon the current
generated by the instrumen g 1ts natural path through the soil.

If buried conducteors ar e close vicinty of the survey array, the
current generated by the t will take the line of least resistance
along them and the sur %;gﬁp 1ts will be inaccurate, The minimum allowable
distance between ahy he test spikes and buried conductors should be

15 metres. It ig ppeferable to execute a survey 15 metres or more from
buried conduc ingthe vicinity as it is unlikely that the nature of

the soil willjc substantially over such a short distance.

Shou, be&, absolutely impossible to avoid a buried conductor, then the
sunyve:; ray should be set to cross the conductor at right angles and
never llel to it.

If the soil in the area to be surveyed appears to be very dry or the initial
instrument reading (when the distance "a" is 2 metres) is greater than

100 ohms, the ground in the area of the two outer current spikes must

be watered. This is done by hammering the spikes into the ground to a

depth of approximately 200 mm, removing them, filling the holes thus created
with water and re-inserting the spikes to their full depth of about 300 mm,
Thiss procedure is then repeated each time the distance is increased until
the survey is completed.



SIMPLIFIED CALCULATIONS

The calculations involved in using the formulas given above can be simplified
by the use of co-efficients, The formulas are reduced to a series of
co-efficients pre-calculated for various depths. These co-efficients are

only to be multiplied by the initial instrument reading "r" to give im-
mediately both "p' and "R" for any given depth of electrode.

Attached is Amnexure C with a list of resistivity and resistance co-efficients
for various depths incorporated., This is a standard form and is to be
used to tabulate measurements obtained from the survey.

EXAMPLE : (refer to Annexure C)

\
The distance between the test spikes is 6 metres, giving a depth D of 4
4,5 metres, the test instrument reading obtalned is 0,50 ohms,
Multiplying 0,50 ohms by co-efficient "K" (37,75 at a depth o me es)
gives a re51st1v1ty (p) of 18,87 ohm metres.
Also multiplying 0,50 ohms by the co-efficient "Ki" (8,9 epth of
4,5 metres) gives a theoretical resistance (R) for the d - rth electrode
of 4,49 ohms,
INTERPRETATION AND PRACTICAL USE OF ABOVE MEA
Let us say that the survey has progressed tage where we have a
complete list of soil resistivity rea for progressive depths
and the corresponding electrode re51 dings (R) and that these

C The tabulated results appear
to erpret and make use of the measure-
rithmic grid, Annexure D, When plotted
as on Annexure DD. In general, and
the curve showing the calculated resistance
values at successive drgps off at least as sharply as the diagonals
on the logarithmic grig@ I more advantageous to keep driving a single

a\nufber of shorter electrodes connected in parallel,
i sistivity does not decrease with depth and if
earthing system (decribed later) and not the deep

readings have been entered on fo
as in Amnexure CC. The simplist
ments is then to plot them on a
the results are representedpb
within certain limits, asglo

a single set of electrodes beyond a certain depth, or when the subsoil
cannot be penetrated beyond a certain depth, the resistance obtained can
be reduced by driving two or more electrodes in parallel. As a guide,
two electrodes spaced at a distance equal to one and a half times their
length and connected in parallel will give T 60 %, of the re31stance of
one electrode : three will give ¥ 43 % and four electrodes ¥3393 9

of the resistaﬁce of one electrode.
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B. APPLICATION OF DEEP EARTHING SYSTEM
BEQUIPMENT REQUIRED

(i) Copper coated steel earthing rods approximately 1,2 metres
(4 feet) and 16 mm (5/8 of an inch) diameter suitably threaded
at each end. The survey will indicate the number of earthing
rods required.

The copper coated earthing rods (similar to Copperweld) must
conform to the following specifications :-

(@) The earthing rods to be composed of a steel core with
a copper covering of not less than 0,38 mm thoroughl ﬁ”
moltenwelded thereto so that an interlocking crystalline
union exists between the two metals.

(b) The earthing rod when broken by successive ‘§~§E?ll
show no seams, pits, slithers, or separati cépper

from steel.
(c) The tensile strength of the earthipng @all be not

less than 400 megapascals.

(ii} External sleeve type threaded co
bronze for joining the earthing=e

(iii) High tensile steel drivi

(iv) Two rod termination cdamp each set of electrodes,
(v) P.V.C. insulate lectrolysis) cable of not less than
70 mm~ for copmec of electrodes in parallel (if applicable)
and for co ¥on to equipment.
DRIVING METHODS '\
When only shal ectrodes are installed, hand driving with a hammer
or weighted g own in Annexure H provides a simple and convenient
method o ion.
When electrodes are required to be driven to greater depths or through
ha s0il, it will be necessary to use some form of power driver. The

actual Bype of power driver to be used is left to the discretion of the
Engineer-in-charge of the installation. As a general guide, however, the
petrol driven jack hammer is probably more convenient than the pneumatic

or electric hammer as it is selfcontained. As the jack hammer should weigh 3
in the vicinity of 20 to 30 kilograms only, with a cubic capacity of 250 cm
or larger, no difficulty should be experienced in manhandling it. Special
adaptors for driving should be made from hardened and tempered steel to

fit snugly over the driving bolt at the upper end of the electrode to

be installed, See Annexure I for a typical type of adaptor in use. .

B/ eeranrraaanns



METHOD OF INSTALLATION

The first section of the electrode to be installed should be fitted
with a coupling, This coupling should be screwed on to the threaded
end of the rod which is opposite the pointed end until all the threads
on the rod are just covered, The coupling should then be held and

a driving bolt inserted into it. The driving bolt should be screwed
very tightly into the coupling so that a strong steel to steel abutment
is created. between the end of the driving bolt and the steel core

of the rod, The rod is then driven vertically into the ground by
importing hammer blows to the driving bolt head. The driving bolt

is then removed and replaced with another earthing rod and coupling,
The pointed end of the second rod is inserted into the coupling
remaining on the rod which has previously been installed, ensuri .
that the threads of both rods are completely covered by the coupnigk.
The first and second rod should then be tightened firmly togetheg.

The driving bolt is then screwed into the coupling at the upper

end of the second earthing rod. section as before, and this\sectio
is then driven into the ground. E

This procedure is repeated until the electrode ha iven to.
the required depth and termination clamps fitted upper end.

Refer tc Annexure B for details of the requﬁ;sli?ts at this upper
end,

RECORDING OF ELECTRODE RESISTANCES m NSTALLATION

Readings of actual earth resist be taken every 1,2 metres
(4 feet) of depth during installatiaon of the deep earth system,
These readings are to be regord a graph similar to Annexure E,
(note that values of XX axis are to be adjusted to suit local
readings), Where more electrode is installed in order to
obtain the required gfini resistance of 5 ohms, a graph should

ect

be compiled for ode and the overall resistance indicated.

APPLICATION RTH SYSTEM

In some the survey may indicate that the soil resistivity

at the siteld not decrease with depth, when this condition persists
to tINOY approximately 20 metres, a trench earth must be installed.

sq. mm cross sectional area buried at least 600 mm beilcw the
face of the soil. The earth may be installed as one of the following

two type :-

thench earth consists of copper conductors of not less than
(2

(1) The radial trench earth as depicted diagrammatically at the
bottom of Armexure F. The length of conductor needed to give
a resistance of 5 ohms in scoil with a resistivity of 100 ohm
metres may be read off the chart Annexure F. Since the con-
ductor resistance is proportional to the soil resistivity,
the graph may be used for resistivities other than 100 ohm
metres by multiplying by the appropriate factor, For practical
purposes the soil resistivity indicated at a depth of 1,5
metres on the completed Annexure C chart may be used to cal-
culate the length of trench earthing required.
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Example : A survey shows a soil resistivity of 500 ohm metres at
a depth. of 1,5 metres and a single wire trench earth is to be in-
stalled. What length of earth conductor is required ?

From the chart (Annexure F} the total length of conductor needed

to give the required resistance of 5 ohms at a soil resistivity

of 100 chm metres is approximately 45 metres. At a soil resistivity
of 500 ohm metres this length must be multiplied by 5 to give a
total length of 225 metres.

The above example is for the installation of a single wire system

and suitable adjustments can be made for 2, 3, 4 or 6 wire radial

earth if required.

(2) The loop trench earth as depicted diagrammatically at the ﬁﬁ
bottom of Annexure G, This type of trench earth may be i
stalled where space is restricted. As with the radia# trenc

earth, the soil resistivity indicated at a depth of: retres
on the completed Annexure G chart may be used to@

the length of the loop conductor,
Exarple : A survey indicates a soil resistivit ohm metres
is 6

at a depth of 1,5 metres and a loop trench ear be installed.

What length of conductor is required 7

required resistance of 5 ohms is 40 S\or, alternatively, the
radius of the loop will be approxi

CONCLUSION

installation of an earthing system
Test and Research Engineer (Electrical)
owing :-

The staff responsible for
are required to forwa
for record purpose
(a) Copies of. D and E when the deep earthing system is
insta

exure D and the final resistance reading when the
rth system is installed,

tructions covering earthing and applicable to existing
1¥ations remain for the time being but such, together with
wing number CEE-E1B-142 (Diagram of Earthing Arrangement) and
thé Code of Practice for negative circuits will be revised in. due
course for all changes to existing, and for new, installation,

JOHANNESBURG

REFERENCE  : EWPOL 3/0/4

DATE

FEBRUARY 1979



TYPICAL EXAMPLE

SITE : REPUBLIC TRACTION SUBSTATION

FQUIPMENT BEING EARTHED

: AC EQUIPMENT IN

ANNEXURE CC TO CODE OF
PRACTICE : EARTH SYSTEMS
FOR ELECTRIC LIGHT AND
POWER AND TRACTION

OUTDOOR YARD INSTALLATIONS
DATE 6 MARCH 1972
1 2 3 4 5 6 7
Interval Depth Instrument Resistivity Resistivity Resistance Calculated
DA Reading Co~efficient R Co-efficient Resistance
nah {metres) WD HKn (ohm metres) "Kn "R"
{metres) (ohms ) col 3 x 4 col 3x 6
2 1,5 124 12,58 1 560 7,49 (" 929
4 3 51,4 25,16 1293 B,ﬁ{ 434
6 4,5 15,6 37,75 589 ,98 140
8 6 8, 01 50,20 402 , 75
10 7,5 4,27 62,90 2690 9,65 41,2
12 9 2,70 75,40 04 9,89 26,7
14 10,5 1,97 88,00 %3 10,10 19,9
16 12 1,53 100,60 184 10,30 15,8
18 13,5 1,28 113,5 145 10,45 13,4
20 15 1,14 1 O 143 10,57 12
22 16,5 0,93 8,2 129 10,70 9,95
24 18 0,73 150,80 110 10,80 7,88
26 19,5 0, 163,50 85 10,90 5,67
28 21 176,00 66,9 11,00 4,18
30 22,5 ‘\~‘ 188,50 39,6 11,10 2,33
32 24 Q 201,00 11,20
34 @ 213,90 11,30
36 x 226,00 11,35
38 Q?,S 239,00 11,40
QQ\Q 30 251,80 11,50
42 31,5 263,90 11,60
44 33 276,80 11,65
46 34,5 289,00 11,70
48 36 301,40 11,75
50 37,5 314,10 11,80
52 39 326,60 2 11,84
54 40,5 339,10 11,90
56 42 351,70 12,00



ANNEXURE C TO CODE OF

SITE f vevvennneennaceeoneeesonneess PRACTICE EARTH SYSTEMS
e FOR ELECTRIC LIGHT AND
EQUIPMENT BEING EARTHED ....veevsveonncanns POWER AND TRACTION
e e INSTALLATIONS
DATE -ae 8" PpT e Sses BB L B N N
1 2 3 4 5 6 7
Interval Depth Instrument Resistivity Resistivity HResistance Calculate
gy UgDIL Reading Co-efficient N Co-efficient Resistanc
(metres) (metres) fpn g (ohm metres) H "R"
{ohms ) col 3 x 4 col 3 x 6
2 1,5 12,58 7,49
b’s
4 3 25,16 8,
6 4,5 37,75 8
8 6 50,20 \?3
10 7,5 62,90 ,65
12 9 75,40 9,89
14 10,5 88,00 10,10
16 12 100,60 4 10,30
18 13,5 113, 10,45
20 15 1 10,57
10,70

22 16,5 1
24 18 Qo,so 10,80
26 19,5 63,50 10,90
28 21 @ 176,00 11,00
30 22,5 @ 188,50 11,10
32 24 ‘\\‘ 201,00 11,20
) 25 Q 213,90 11,30
36 226,00 11,35
38 Qﬂ%\ 239,00 11,40

40 251,80 11,50
‘2 31,5 263,90 11,60
4y 33 276,80 11,65
46 34,5 289,00 11,70
48 36 301,40 11,75
50 37,5 314,10 11,80
52 39 326,60 11,84
. 54 40,5 339,10 11,90

56 42 351,70 12,00



ANNEXURE A TO CODE OF PRACTICE
NULL BALANCE MEGGER OR OTHER TYPE EARTH SYSTEMS FOR ELAP AND

RESISTANCE MEASURING INSTRUMENT WITH
4 TERMINALS PLUS A GUARD TERMINAL TRACTION INSTALLATION.

AND ITS OWN CURRENT GENERATCR.

P2 G P1
INSULATED LEADS
C D
® /
I 9 RS
0,50 05a a
o
S
o -.."I- f’
\\\-"“‘-—. _.-—"'—_”’
REQUIREMENTS FOR TESTING AVERAGE
SOIL RESISTIVITY,
L ORS. . rer. oe SHt |

T T



STANDARD WATER METER ANNEXURE B 70 CODE OF PRACTICE:
BOX AND HINGED LD TO FARTH SYSTEMS FOR EL&P AND
SABS 558 {10A B OR () TRACTION INSTALLATICNS.

WITH CONCRETE FOUNDATION

£100mm
GROUND LEVEL Aiad] S =
N7\ eximy- RS E INZZ\\\
= [ | PR 8
£ - <§A-"’ S

600mm

/ SULATED EARTH

ONDUCTOR

EARTHENWARE 0OR ASBESTDS
IPE OR PVL TUBE 50-100mm
iIN DIA. AS AVAILABLE

EARTH ELECTRO (NOT TO BE FILLED WITH SQIL}

TWQ TERMINATION CLAMPS
DOUBLE TIGHTENED.

ARRANGEMENT FOR TERMINATION
OF EARTH ELECTRODE. )

AMENDMENT
T T T R0 N0 CEE-MB-6 T 2




LOCALITY.

T — — — — — — T — i— — —

~mivsLAVURL U
e

v Luuec

OF PRACTICE ‘EARTH SYS-
TEMS FOR ELECTRIC LIGHT
AND POWER AND TRACTION

EQUIPMENT BEING EARTHED. INSTALLATIONS
DATE. _
2000\
\*\

1000 a

i\ \
S
i) \ a ™

\ \ ~ N
500\ - \‘\\ N

N
N \ | .
00 [~ ~. \\
NG ~o ~ \\
200 ~ \ <
~ Ay
k. \4 \g< N Y
\ | \\ N% \\\\‘

\ \\ \\\ \\ \\\

ﬁ \ \‘ \\ \\'\ ‘\'\ ~
Sy b, d

10 ~ =t \ Ky \ NN RN
G 0 < 4 - wy
X g ~ = N ™~
I N A B ~.] N
= \ ~ ‘\
= 2 \\ ™~ \,@ J
E 20\ ~N -\\ ~
= “\ < ~
ﬁ 1 \\\\ﬁk ‘\\\ N~ . \\J_ N

D

N N % l \\
v 1 h I~
25 ~ ~ ] \
» N N 4 N g
s 5 N \ [~
5 4 . ~ J =

N \1\ \\

A {—=——— P (RESISTVITY  IN OHM METRES) N ) .

1k | — A [(RESISTANCE IN OHMS) L\\ -

, i \fa \.\

1 v L Jm LI L \
DEPTH-METRES — v S gr 2 = g X 7 Q
CHART TO DRAWING

RECORD  (a) MEASUREMENTS OF SOL RESISTIVITY ORAWNG N, CEE-

AMENDMENT

1

1 1

(bY CAITIIATFN RFSISTANIF NF

FADTH

Fi Fr TDNNFEC




LOCALITY _REPUBLIC_TRACTION SUBSTATION.

DATE. 6th MARCH

1972

— — — — — — — Ay —— — — — —

EQUIPMENT BEING EARTHED. ac. EQUIPMEN

OF PRACTICE:EARTH SYS-
TEMS FOR ELECTRIC LIGHT
AND POWER AND TRACTION

INSTALLATIONS.
_YARD.

A

\‘N

N N W 5 033338

N\
\\

~.

~.

RESISTANCE IN QHMS - RESISTIVITY IN OHM METRES.

=
e

AN

~

2+

1.5

———— (RESISINITY

————F (RESISTANCE IN DHMS) h

IN OHM ME1RES)

1 g
DEPTH-METRES —

[}
e 4

u
0 78]

o~ V2
-+ o
[ ]

CHART TO RECORD

AMENDMENT

T

!

I 1

(a) MEASUREMENTS OF SO0IL  RESISTIVITY.

(b) CALCULATED RESISTANCE OF EARTH ELECTRODES.

ORAWING o
TEKENING

CEE-

MR-A

Sy,



200

180

160

140

120

100

ELECTRODE —RESISTANCE — C MS

60

40

AMENDMENT

ANNEXURE E TO CODE OF PRACTICE:
EARTH SYSTEMS FOR EL&P AND

—————— TRACTION INSTALLATIONS

DATE _ _ —__ _ _
3 T
.
A M I P I
.f..”_-_ﬂ 4 = p— S - ———f - [ L G - e S S -
i = : ' 3
. br . : N "
. - H AL = 58 g iy . i :
et z £ . e e |t ey s o i (= =
R for of.inn . W . g s - ™
LB g E S3¢] T SFH IR H ESEN AN N3 o
- SN PR et i . I :
v - = ol L3A o - =]t A E ! =
' “® ii [ N afes
3 . JEs H [
! 3
. LS r e N
A O : il S8 [V P 04 - 1O A - | i L i
= = . ]
- : I - :
f+ - . I- et el RS S — el — et —-— — —_ . ——
A i
. o E— S S . . ol
3 H
H
'
[N T (V3% ol Lo = p
@ g 1 14 ;
- S ) L . = - . B - .. 3 )
f 3 530 + - -
| e L 1t |
: o B [ 0
- SN 1

og - i
SH S . :
01 S Rk il RS
' LI N1 Y 39 M I N . .
St i . :
e i Lk SO O B =
. i kit " M
- 1 !
.
- - I B — -ie

—-—
»
]

)
* r
Bl Laand CED

| L

2 3 4 5 6 7 8
INSTALLED DEPTH — METRES

ELECTRODE RESISTANCES RECORDED.
DURING [INSTALLATION.

DRG kiry ~ee LAars ~ STH -




ANNEXURE F T0 CODE
RESISTANCE ({IN OHMS) OF A RADIAL EARTH ELECTRODE gf‘S'FgNAlgTIFQgR EEAL‘ET(-:P;RIC
IN RELATION TO A SOQIL RESISTIVITY OF 100 OHM METRES. LIGHT AND POWER AND
TRACTION INSTALLATIONS
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ANNEXURE H TO CODE OF PRACTICE:

EARTH SYSTEMS FOR EL&P AND
TRACTION INSTALLATIONS

PIPE

<
H H VHT WELDED
PIPE

ELECTRODE

~
2l
K

(2

METHOD OF INSTALLING ELECTRODE BY MEANS OF
" A WEIGHTED PIPE.

AMENDMENT
1T T 171

R0 vo rFF - MR—4& SHT g



ANNEXURE T TO CODE OF PRACTICE:

EARTH SYSTEMS FOR EL &P AND
TRACTION INSTALLATIONS.

SECTION A-A
EVERYTHING ABOVE THIS LINE
TO SUIT CHUCK OF HAMMER

MATERIAL A} 4
HARDENED AND TEMPERED
STEEL.
?
77 \
i
I
Q.g 2 |
(5
=
(‘\Q
(! A
25 mm
L5mm

TYPICAL ADAPTOR FOR USE IN JACK HAMMER TO

AMENDMENT

r

INSTALL EARTH

ELECTRODES .

DRG N cEE-MB-6

TEW

SHT
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CODE OF PRACTICE : EARTH SYSTEMS FOR ELECTRIC LIGHT AND POWER AND TRACTION
INSTALLATIONS

At all future Electric Light and Power and traction installations, the
existing method of earthing by using earth spikes made of galvanised water
pipe as depicted on drawing number CEE-E1B-142 and described in circular
ENW-10/133 of the 3 September 1952, will be superseded by a deep earthing
system as first choice, If, however, a survey indicates that a deep earth
is not possible, a trench type earth may be installed. The deep earthing
system incorporates the use of copper coated steel electrodes (similar

to Copperweld)} which are driven into the ground to the depth necessary .

to give a required earth resistance of 5 ohms or less, 4
The following procedure for the installaticn of the earthing system’k
outlined below for the guidance of System Electrical Engineers siden
Engineers and other staff concerned.
A, SURVEY
A survey is necessary to determine the type ofgear system to
be used and the best possible position of the garthing system within
the limits of the site available.
EQUIPMENT REQUIRED FOR SURVEY
(1) A null balance Megg er type of resistance
measuring instrume ; terminals plus a guard terminal
and its own curpent tor) The instrument mst

be designed block stray DC currents.

(ii) Five me r approximately 450 mm long to be used
as te es.
(iii) ur \lengths of insulated wire to connect the test spikes

1 he 4 terminals of the instrument. To ensure soil
sistivity down to 45 metres, two of the wires should
bout 90 metres long and two about 30 metres long.
is most convenient to use wires of different colours
on spools. mounted on a shaft for rapid uwinding and

rewinding
SUREMENT OF THE AVERAGE RESISTIVITY OF THE SOIL

The method described gives results that are accurate enough for

all practical purposes wherever the stratification of the subsoil

is more or less regular. In cases where the strata are very irregular
the results may only approximate and in extreme cases they may be
meaningless,

-7 S
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The four test spikes A, B, C and D are placed as shown in Annexure A -
symretrically in relation to the point at which the soil is to be measured

in a straight line and at equal intervals "“a", The fifth spike, G is driven
equidistant from B and C and connected to the guard terminal on the instrument
and it should be stressed that the accuracy of the distance between spikes

is most important, The spikes should not be driven more than about 300 mm
into the ground,

The two outer spikes A and D {current spikes) are connected to the current
terminals of the test instrument. The two inner spikes B and C (potential
spikes) are connected to the potential terminals of the test instrument.

A current generated by turning the crank of the test instrument passes
through the two outer spikes and the instrument measures the voltage between
the two inner spikes. The relation is given directly on the dial of th

test instrument as 'r" or resistance in ochms.

The reading "r'* must in turn be converted to a figure expressi he average
resistivity of the soil : vertically, between the surface a\de
equal £o 75 % of interval "a" and horizontally between the t ntial

spikes. The formula for the conversion is :-

p=2 ra
in which p is the soil resistivity value in ol =

r is the instrument reading in ohms

the layers of soil between the surfa a certain depth "D", This depth

a is the distance between test s@
The soil resistivity figure obtained s t erage (or apparent) of all
4; an’
is considered to be 75 % of the ta a" between the spikes. In other

words -
D=0,
The resistivity of th i measured down to successively greater depths
by increasing the, @i ce® "a" as shown in the following typical series
of measurementss” -
Distance }~‘i. Depth (metres) Test reading Resistivity
g np (Oth) Ny (ohm metries) Hp"
1,5 90 1 140
3 21,5 538
8 6 10 502
12 9 5,5 415
24 18 3 450
40 30 2 502
49,2 37,5 1,5 470

As the soil is rarely uniform to any great depth, the purpose of taking
resistivity measurements. at successive depths is to determine at what
depths, to what extent and in what direction (up or down), the resistivity
changes. These measurements indicate which layers of soil are most useful
for obtaining a good earth connection.
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CALCULATION OF RESISTANCE OF EARTH ELECTRODES

The next step is to convert the series of resistivity measurements taken,
into a correspondlng series of figures showing the resistance "R" which

sould be given by a single earth electrode driven to successively greater
depths at the same point.

The conversion is made by the formula :-

R = 0,366 g x log (3D)
a

Where R is the resistance of the electrode in ohms,
P is the resistivity measurement at a particular depth in ohm-me ‘ﬁ
D is that depth in metres
d is the diameter of the earth electrode to be used in metres.

For example, in the typical case described above, the resistanc %}
rod driven 3 metres is calculated as follows :-

R = 0,366 x 538 x log (3 x 3)
' =T 5,075 ohms O

.. R = 160 ohms (approx.) 4
IMPORTANT NOTES Q

Caution should be exercised to ensure urvey is not executed

close to buried conductors, i.e, metallic pipes, electric cables, existing
earthing system ; or near the metallic\gccmductors running above ground
which are frequently earthed, i ences and overhead transmission lines.
The reason for this is that c of the survey depends upon the current
generated by the instrume kg its natural path through the soil,

If buried conductors ar e close vicinty of the survey array, the
current generated by tg t will take the line of least resistance

along them and the urvey 1ts will be inaccurate, The minimum allowable
distance betwee he test spikes and buried conductors should be

15 metres. It 1 |2 fe le to execute a survey 15 metres or more from
buried conduc he vicinity as it is unlikely that the nature of

the soil wi substantially over such a short distance.

Sho b&, absolutely impossible to avoid a buried conductor, then the
ray should be set to cross the conductor at right angles and
neJ% 1llel to it.

If the solil in the area to be surveyed appears to be very dry or the initial
instrument reading (when the distance "a" is 2 metres) is greater than

100 ohms, the ground in the area of the two outer current spikes must

be watered. This is done by hammering the spikes into the ground to a

depth of approximately 200 mm, removing them, filling the holes thus created
with water and re-inserting the spikes to their full depth of about 300 mm,
This procedure is.then repeated each time the distance is increased until
the survey is completed.

P



SIMPLIFIED CALCULATIONS

The calculations involved in using the formulas given above can be simplified
by the use of co-efficients, The formulas are reduced to a series of
co-efficients pre-calculated for various depths. These co-efficients are

only to be multiplied by the initial instrument reading "r" to give im-
mediately both "p" and "R" for any given depth of electrode.

Attached is Annexure C with a list of resistivity and resistance co-efficients
for various depths incorporated. This is a standard form and is to be

used to tabulate measurements obtained from the survey,

EYAMPLE : {refer to Annexure C)

The distance between the test spikes 1s 6 metres, giving a depth D of 4
4,5 metres, the test instrument reading obtained is 0,50 ohms,

gives a re51st1v1ty (p) of 18,87 ohm metres,

Multlplylng 0,50 ohms by co-efficient "K" (37,75 at a depth ofEEE metres)

Also multiplying 0,50 ohms by the co-efficient "K1" (8,9€
4,5 metres) gives a theoretical resistance (R} for the d
of 4,49 ohms,

INTERPRETATION AND PRACTICAL USE OF ABOVE MEA

Let us say that the survey has progressed tage where we have a
complete list of soil resistivity re fbr progressive depths

and the corresponding electrode r951 dings (R) and that these
readings have been entered on for C The tabulated results appear
as in Annexure CC, The simplist erpret and make use of the measure-
ments is then to plot them rlthmlc grid, Annexure D, When plotted
the results are representedeb as on Annexure DD, In general, and
within certain limits, as{lopg a® the curve showing the calculated resistance
values at successive drgps off at least as sharply as the diagonals

on the logarithmic grid I more advantageous to keep driving a single
electrode than to a\number of shorter electrodes comnected in parallel.
In some cases i sistivity does not decrease with depth and if

this is so, t earthing system (decribed later) and not the deep
earth mst I’E‘i

ed,
USE O LEL ELECTRCDES

3 ‘depth of
-.rth electrode

Whég‘t resistance curves indicate that it is not advantageous to drive
a single set of electrodes beyond a certain depth, or when the subsoil
cannot be penetrated beyond a certain depth, the resistance obtalned can
be reduced by driving two or more electrodes in parallel. As a guide,
two electrodes spaced at a distance equal tg one and a half times their
length and comnected in paralle1+w111 give - 60 %, of the re51stance of
one electrode : three will give = 43 % and four electrodes ¥ 33 /3 %

of the resistaﬁce of one electrode.

- -
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B. APPLICATION CF DEEP EARTHING SYSTEM
EQUIPMENT REQUIRED

(i) Copper coated steel earthing rods approximately 1,2 metres
(4 feet) and 16 mm (5/8 of an inch) diameter suitably threaded
at each end, The survey will indicate the number of earthing
rods required.

The copper coated earthing rods (similar to Copperweld) must
conform to the following specifications :-

(a) The earthing rods to be composed of a steel core with
a copper covering of not less than 0,38 mm thoroughl ﬁﬁ
moltenwelded thereto so that an interlocking crystalline
union exists between the two metals.

(b) The earthing rod when broken by successive »ll
copp

show no seams, pits, slithers, or separat er
from steel.
(c) The tensile strength of the earthifig r 11 be not
less than 400 megapascals.
(ii) External sleeve type threaded co de of non-zinc
bronze for joining the earthi together,

(iii) High tensile steel drivi

{iv) Two rod termination cdamp each set of electrodes.

{v) P.V.Cé insulated lectrolysis) cable of not less than

70 mm~ for copfiect of electrodes in parallel (if applicable)

and for co n_to equipment.
DRIVING METHODS 4\

When only shai ectrodes are installed, hand driving with a hammer

or weighte i i i i
method © i
When electrodes are reguired to be driven to greater depths or through

soil, it will be necessary to use some form of power driver. The
actual ®Bype of power driver to be used is left to the discretion of the
Engineer-in-charge of the installation. As a general guide, however, the
petrol driven jack hammer is probably more convenient than the pneumatic
or electric hammer as it is selfcontained. As the jack hammer should weigh 3
in the vicinity of 20 to 30 kilograms only, with a cubic capacity of 250 cm
or larger, no difficulty should be experienced in manhandling it. Special
adaptors for driving should be made from hardened and tempered steel to
fit snugly over the driving bolt at the upper end of the electrode to
be installed. See Annexure I for a typical type of adaptor in use.

6/ enernnnnennns



METHOD OF INSTALLATION

The first section of the electrode to be installed should be fitted
with a coupling. This coupling should be screwed on to the threaded
end of the rod which is opposite the pointed end until all the threads
on the rod are just covered. The coupling should then be held and

a driving bolt inserted into it. The driving bolt should be screwed
very tightly into the coupling so that a strong steel to steel abutment
1s created. between the end of the driving bolt and the steel core

of the rod. The rod is then driven vertically into the ground by
importing hammer blows to the driving bolt head. The driving bolt

is then removed and replaced with another earthing rod and coupling,.
The pointed end of the second rod is inserted into the coupling
remaining on the rod which has previously been ipnstalled, ensuri .
that the threads of both rods are completely covered by the coupniak.
The first and second rod should then be tightened firmly together,

The driving bolt is then screwed into the coupling at the uppg

end of the second earthing rod. section as before, and th ection
is then driven into the ground. §:

This procedure is repeated until the electrode ha iven to.
the required depth and termination clamps fitted upper end,

Refer teo Annexure B for details of the requdgsl:?ts at this upper
end.

RECORDING OF ELECTRODE RESISTANCES EDQ NSTALLATION

Readings of actual earth resist. be taken every 1,2 metres
(4 feet) of depth during installation of the deep earth system.

These readings are to be regord a graph similar to Annexure E,
(note that values of XX axis are to be adjusted to suit local
readings). Where more electrode is installed in order to

obtain the required gini resistance of 5 ohms, a graph should
be compiled for eac ctrode and the overall resistance indicated,

APPLICATION Oﬁw RTH SYSTEM
eg’the survey may indicate that the soil resistivity

In some
at the not decrease with depth, when this condition persists

to tINOF approximately 20 metres, a trench earth must be installed.

thench earth consists of copper conductors of not less than
5q. mm cross sectional area buried at least 600 mm below the
face of the soil. The earth may be installed as one of the following

two type :-

(1) The radial trench earth as depicted diagrammatically at the
bottom of Annexure F. ITte length of conductor needed to give
a resistance of 5 ohms in soil with a resistivity of 100 ohm
metres may be read off the chart Annexure F. Since the con-
ductor resistance is proporticnal to the soil resistivity,
the graph mey be used for resistivities other than 100 ohm
metres by multiplying by the appropriate factor, For practical
purposes the soil resistivity indicated at a depth of 1,5
metres on the completed Annexure C chart may be used to cal-
culate the length of trench earthing required.

7/----‘--.-.-‘.-----
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Example : A survey shows a soil resistivity of 500 ohm metres at
a depth. of 1,5 metres and a single wire trench earth is to be in-
stalled. What length of earth conductor is required ?

From the chart (Annexure F) the total length of conductor needed

to give the required resistance of 5 ohms at a soil resistivity

of 100 ohm metres is approximately 45 metres. At a soil resistivity
of 500 ohm metres this length must be multiplied by 5 to give a
total length of 225 metres,

The above example is for the installation of a single wire system
and suitable adjustments can be made for 2, 3, 4 or 6 wire radial
earth if required,

. . . $
(2) The loop trench earth as depicted diagrammtically at the !

bottom of Annexure G, This type of trench earth may be

stalled where space is restricted., As with the radial trenc
earth, the soil resistivity indicated at a depth o res
on the completed Amnexure G chart msy be used t 1

the length of the loop conductor.
Example : A survey indicates a soil resistivit ohm metres
is

at a depth of 1,5 metres and a loop trench ear 0 be installed.
What length of conductor is required ?
. 9 equired to give the

or, alternatively, the
6,5 metres.,

required resistance of 5 ohms is 40
radius of the loop will be approxima

CONCLUSION

installation of an earthing system
Test and Research Engineer (Electrical)
owing :-

The staff responsible for
are required to forwa
for record purpose
(a) Copies of. D and E when the deep earthing system is
insta

exure D and the final resistance reading when the
rth system is installed.

instructions covering earthing and applicable to existing
1¥ations remain for the time being but such, together with
wing number CEE-E1B-142 (Diagram of Farthing Arrangement) and
the Code of Practice for negative circuits will be revised in. due
course for all changes to existing, and for new, installation,

CHIEF ELECTRICAL ENGINEER'S OFFICE
JOHANNESBURG

REFERENCE  : EWPOL 3/0/4

DATE

FEBRUARY 1979



TYPICAL EXAMPLE

SITE : REPUBLIC TRACTION SUBSTATION

EQUIPMENT BEING EARTHED

: AC EQUIPMENT IN

ANNEXURE CC TO CODE OF

PRACTICE :

EARTH SYSTEMS

FOR ELECTRIC LIGHT AND

POWER AND TRACTION

QUTDOOR YARD INSTALLATIONS
DATE & MARCH 1972
1 2 3 4 5 6 7
Interval Depth Instrument Resistivity Resistivity Resistance Calculated
nwpn Reading Co-efficient Pt Co-efficient Resistance
naH (metres) ) nK (ohm metres) g NRE
(metres) {ohms ) col 3 x 4 col 3 x 6
£
2 1,5 124 12,58 1 560 7,49 929
4 3 51,4 25,16 1 293 8, 434
6 4,5 15,6 37,75 589 ,98 140
8 6 8,01 50,20 402 136 75
10 7,5 4,27 62,90 2690 9,65 41,2
12 9 2,70 75,40 04 9,89 26,7
14 10,5 1,97 88,00 %3 10,10 19,9
16 12 1,53 100,60 Q 154 10,30 15,8
18 13,5 1,28 113, 145 10,45 13,4
20 15 1,14 1 ZO 143 10,57 12
22 16,5 0,93 @ 129 10,70 9,95
24 18 0,73 150,80 110 10,80 7,88
26 19,5 0, 163,50 85 10,90 5,67
28 21 176,00 66,9 11,00 4,18
30 22,5 \ 188,50 39,6 11,10 2,33
32 24 Q 201,00 11,20
34 @ 213,90 11,30
36 x 226,00 11,35
38 Q?,S 239,00 11,40
AQ(‘Q 30 251,80 11,50
42 31,5 263,90 11,60
44 33 276,80 11,65
46 34,5 289,00 11,70
48 36 301,40 11,75
50 37,5 314,10 11,80
52 39 - 326,60 11,84
54 40,5 339,10 11,90
56 42 351,70 12,00



SITE -
EQUIPMENT BEING EARTHED ..ueoonoennnn.

LIS IR I B )

ANNEXURE C TO CODE OF
PRACTICE EARTH SYSTEMS
FOR ELECTRIC LIGHT AND
POWER AND TRACTION

.. ; INSTALLATIONS
DATE ...vevevrecnas 5000
1 2 3 4 5 6 7
Interval Depth Instrument Resistivity Resistivity Resistance Calculate
g wpn Reading Co-efficient P2t Co-efficient Resistanc
(metres) (metres) ten WK (ohm metres) VRS R
(ohms) col 3 x 4 col 3 x6
2 1,5 12,58 7,4%
4 3 25,16 )
6 4,5 37,75 8
8 6 50,20 \}3
10 7,5 62,90 $ 9,65
12 9 75,40 O 9,89
14 10,5 88,00 10,10
16 12 100,60 4 10,30
18 13,5 113, 10,45
20 15 10,57
22 16,5 @ 10,70
24 18 Qo,so 10,80
26 19,5 163,50 10,90
28 21 176,00 11,00
30 22,5 @ 188,50 11,10
32 24 \ 201,00 11,20
34 25 Q 213,90 11,30
36 @ 226,00 11,35
38 X 239,00 11,40
40 Qﬁe 251,80 11,50
LQ‘Q 31,5 263,90 11,60
44 33 276,80 11,65
46 34,5 289,00 11,70
48 36 301,40 11,75
50 37,5 314,10 11,80
52 39 326,60 11,84
54 40,5 339,10 . 11,90
56 42 351,70 12,00



NULL BALANCE MEGGER OR OTHER TYPE ANNEXURE A TO CODE OF PRACTICE
RESISTANCE MEASURING INSTRUMENT WITH EARTH SYSTEMS FOR EL&P AND
L TERMINALS PLUS A GUARD TERMINAL TRACTION INSTALLATION.

AND ITS OWN CURRENT GENERATCR.
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INSULATED LEADS

C
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STANDARD WATER METER ANNEXURE B TO CODE OF PRACTICE:

BOX AND HINGED LID TO EARTH SYSTEMS FOR EL&P AND
SABS 558 {10A,B OR C) TRACTION (INSTALLATIONS .
WITH CONCRETE FOUNDATION
\ +100mm
—L B S
GROUND LEVEL iA] S
\ Y S - \\
% e AW R I
LT % 22 {\RAA -
2 W7 4% 8
g AV
E
S
=]
SULATED EARTH

ONDUCTOR

EARTHENWARE OR ASBESTOS
IPE OR PVC TUBE 50-100mm
IN DIA. AS AVAILABLE

EARTH ELECTRO (NOT TO BE FILLED WITH SOIL)

TWO TERMINATION CLAMPS
DOUBLE TIGHTENED.

ARRANGEMENT FOR TERMINATION
OF EARTH ELECTROOE.

AMENDMENT
T T T ORG No  CEE-MB-6  SHT
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ANNEXURE E TO CODE OF PRACTICE:

EARTH SYSTEMS FOR EL&P AND
TRACTION INSTALLATIONS
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ANNEXURE F T0 CODE
RESISTANCE (IN OHMS) OF A RADIAL EARTH ELECTRODE gg?gﬁgﬂgga %{E‘E’:‘RIC
IN RELATION TO A SOIL RESISTIVITY OF 100 OHM MEIRES. LIGHT AND POWER AND
TRACTION INSTALLATIONS
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1.0

2.0

2.1

22

2.3

3.0

3.1

3141

4.0

5.0
5.1

SCOPE

This specification covers Spoornet's requirements for drawings, catalogues, and instruc-
tion manuals and spares lists of electrical equipment supplied under contract.

DEFINITIONS

“Design drawings for approval” defines those drawings, which have to be submitted to
Spoornet for approval prior to manufacture of equipment.

“Installation drawings” defines those drawings, which are required for the instaliation of the
equipment.

\
“As Built drawings” defines those drawings, which refiect all the various appri \%d designs,
layouts, etc., of the actual final accepted state of the equipment.

STANDARDS AND SPECIFICATIONS V

The following standards and specifications are referred to:

CEE.0012: Methed of Tendering

SABS 0111: Engineering Drawings. 4

BS 308: Engineering Drawing Practice.

NRS 002: Graphical Symbols for Elec
IEC 617: Graphical Symbols for Diagra
ASHRAE: American Societylof Heatifig Refrigaeration Air-condilioning Engineers Standard.
The following Sp ndard (Electrical) symbol drawings are listed for reference:

CEE-PA-19: s for Electrical Installations.

CEE-P Is for Distribution and Transmission Layout.
-101: Symbols for Air-condilioning installations.
-62: Standard Electrification Symbols.

Tenderers and contractors shall ensure that they work to the latest issues and amend-
ments of the above standards and specifications.

APPENDIX

The foliowing appendix forms an integral part of this specification:
Appendix 1:SCHEDULE OF REQUIREMENTS

This appendix calls for specific requirements applicable to the contract.
METHOD OF TENDERING

Tendering shall be in accordance with Spoornet (Electrical) specification CEE.Q012.

i+

Page 3 of 13



CEE.0224 Issue 2002

5.2 Tenderers shall indicate clause by clause compliance or non-compliance with the specifi-
cation. Thig shall take the form of a separate document listing all the specification clause
numbers indicating the individual statement of compliance or non-compliance.

5.3 The Schedule of Reguirements, Quantities and Prices, Appendix 1 to this specification
shall be fully completed by Tenderers. Failure to submit a fully completed shest may pre-
clude a tender from further consideration.

6.0 LANGUAGE AND UNITS OF MEASURE

Drawings and documents shall be prepared in English and the 1SO unit of measure. Other
offers will be considered on merit.

\

7.0 DRAWINGS 4

7.4 Drawings shall be generated in either Microstation or any CAD format, which'gan be read
by Microstation, but offers on other media will be considered on mayi

7.2 Drawings shall be prepared in such a manner that they fully co @ requirements
of SABS 0111 and/or BS 308.

7.3 Symbols, with their explanations used on the drawi but vered by the NRS 002,
IEC 617, ASHRAE or Spoornet's symbol drawm Il be furnished i.e. then included on
the drawing or supplied on a separate symbo, |s to be cross referenced to the
drawing.

7.4 Where the publications referred to in c re at variance, the practice detailed in
SABS 0111 shall take preference

7.5 Drawings shall be prepared for I@ series size sheets and shall not be greater than

A1 size excepl as dstailed balow.

7.51 Where under exce
impractical, thendhe

ircimstances the nature of the work is such that a size A1 is

may be used.

7.5.2 Long drawings, acessary for wiring/circuit diagrams, cable run diagrams, track
all'be prepared with widths equal to the widths of the “A” series sheets as
bu ferably not exceeding the length of an A0 sheet.

7.6 ed drawings shall be clearly and adequately cross-referenced.
77 ntractor hereby grants to Transnet a non-exclusive licence, in accordance with the
o rovisions of section 22 of the Copyright Act, 1978;

%.7.1 to copy any plan, diagram, drawing, specification, bill of quantities, design calculation or
cther similar document made by the Contractor, other than under the direction or control
of Transnet, in connection with the extent of work;

7.7.2 to make free and unrestricted use thereof for its own purposes;

773 to provide copies thereof to consultants to Transnet to be used by them for the purpose of
such consultations and consuiting services and-

7.7.4 to provide other parties with copies thereof for the purpose of tenders invited by Transnet.

Page 4 of 13



CEE.0224 1ssue 2002

775

7.76

8.0
8.1
8.1.1
8.1.2
8.1.3
8.1.4
8.1.5
8.1.6
8.1.7
8.1.8
8.1.9
8.1.10
8.2

8.3
8.31

8.3,

8.3.4
8.4

8.4.1
8.4.2
8.4.3
8.4.4

Such non-exclusive licence shall apply mutatis mutandis to any plan, diagram, drawing,
specification, bill and/or schedule of quantities, design calculation or other similar docu-
ment made, other than under the direction or control of Transnet, by any principal or sub-
contractor of the Contractor. The provisions of this clause shall not apply to documents
made, in the case of plant or equipment to be supplied, for the manufacturing process of
such equipment, but only to the equipment supplied itself.

Transnet shall make no separate or extra payment in respect of any non-exclusive licence
granted in terms hereof.

INFORMATION REQUIRED ON DRAWINGS

A title block shall be provided in the lower right hand corner of each drawing, iq!{icating:
Descriptive title.

Contractor's drawing number.

Space for Spoofnet's drawing number (as requested in clau

Place of installation.

Contract / Order number. 4

Contractor's name.

Signature or name of approving otfic sted in clause B.0).

Approval date. Q

[ssue number.

Projection symbol i-view drawings, if required.

Successful s can obtain a copy of Spoornet's standard title block (Microstation or

DXF format N arge by contacting the Docurmentation Management section.

On |Aimuit diagrams, the following shall be specified:
! wira sizes.
os of resistance.

Breaking capacity of switches.

Ratings of equipment.

On each assembly or sub-assembly drawing, the following shall be given:

Description of item,

Quantity required for assembly depicted.

Material manufactured from.

The classification of the material according to the relevant SABS specification or other
specifications referred to herein.
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B.45 The class or process of finish and/or coating.

B.46 Where special parts are specified, the name of the manufacturer, the size, capacity and
the name or catalogue number of each part shall be fumished.

8.4.7 The mass of finished item depicted on the drawing.

8.4.8 Dimensions from a proper reference surface.

849 Dimension tolerances.

8.5 On electrification drawings, the follawing shall be specified:

\)

8.5.1 Kilometre distances. 4
8.5.11 Kilomelre distances of all new and existing masts measured from th kilometre

prece
post. x

8.5.2 Civil

8.5.2.1 The following civil information shall be shown: O
8.5.2.1.1 Bridges. : 4
8.5.2.1.2 Tunnsls.

85213 Pipes. O
B8.5.2.1.4 Culverts. Q
8.5.2.1.5 Subways.
8.5.2.1.6 Manholes.

8.5.2.1.7 Off track piatf

8.5.2.1.8 Water-f g track.

8.5.2.1.9 oads that may influence electrification.
8.5.2.1 e sings.

8 T, All banks and cuttings.

"‘3.5. 1.12 Retaining walls.
B.5.2.1.13 Gradient markers and gradients.
8.5.2.1.14 Boundary fences (where relevant).
8.5.2.1.15 The beginning and ending of transition and circular curves and the radius.
8.5.2.3 On all station plans the beginning and ending of the platforms to be indicated, as well as
all buildings and structures on the platform which may effect electrification. All secondary

platforms/structures/obstacles, which may effect electrification, must also be shown.

8.5.2.4 All points with stock rail joints, intersaction of centre lines and all ends of point positions to
be shown, as well as the type of point, e.g. 1:9 LH (left hand.
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8.5.3 Electrical

8.5.3.1 The following electrical information shall be shown:

8.5.3.1.1 New and existing masts and structures with appropriate sizes.

8.5.3.1.2 Span lengths.

8.5.3.1.3 Tension lengths.

8.5.3.1.4 Mast to track centres.

8.5.3.1.6 Tension type (spring or weight). “‘,
8.5.3.1.6 Transmission lines, Transnet and Eskom {Showing crossing heights abwevel).

8.5.3.1.7 Telkom lines. \/
8.5.3.1.8

Height gauges.

8.53.1.9 Power and Lighting kiosks. O

8.5.3.1.10 Electrical cables nearer than 3,2m from track ceg‘*f well as cables crossing the track.

85632 Wire profiles showing clearances/wire heig all transmission and telecommunication
linas that cross the tracks shall be sho drawing at the point of crossing, in either
tabular or graphic format. Q

8.5.3.3 Wirs profile for all bridges and t@
8.5.3.4 Important information that shall b ed are:
8.5.3.4.1 Basic span.

8.6.3.4.2 Ruling contae\ eight.
8.5.3.4.3 Referenge tolbonging drawings.

structures and foundations.

o shown on separate drawings.

8 6\, Tables for traction and transmission line (Showing wire heights).
\‘3.5. .7 Dropper chart.

8.5.3.4.8 Overlaps.

B.5.3.49 Jumpers.

8.5.3.4.10 Staggering.

8.5.3.4.11 Referances to switching diagram drawings.

8.5.3.4.12 Any other relevant information.

8.5.4 Signal.

B.5.4.1 The following signal information shall be shown:
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B8.5.4.1.1 Signal gantries (showing direction of aim}.

8.5.4.1.2 Independent signais (showing direction of aim).

8.5.4.1.3 Signal kiosks.

8.5.4.1.4 Telephones.

8.5.4.1.5 Signal relay rooms,

8.5.4.1.6 Radio repeater rooms.

8.5.4.1.7 Signal cables nearer than 3,2m from track centre, as well as cables crossing %track.

8.5.5 Electrification information must be clearly indicated on drawings (see al no CEE-TA-
62 for Standard Electrification Symbols).

ocumenta-
2in detalls of all

gaipst this information

actor on the original

8.7 The successful tenderer shall obtain Spoornet’s drawing numbers f
tion Management section ot Spoomet well in advance in writing\w
relevant drawings, i.e. titles and makers numbers are quote
Spoornet will allocate its own numbers for inclusion by the
drawings.

9.0 CERTIFICATION OF DRAWINGS
The contractor against a date to cerify the drawing has been checked and is correct
in all respects shall approve each dra @ Is*also includes changes.

10.0 CHANGES TO DRAWINGS

Any drawing returned to the ‘Contractor for changes shall be re-submitted to Spoornet
within 21 days with a iate changes endorsed thereon.

11.0 SUBMISSION DRAWINGS

The Tender N mit drawings of all major items of equipment with the tender. The
be'sufficiently detailed (e.g. safety factors) to enable suitability of the de-
sig d and to enable Spoornet to prepare a reasonably accurate estimate of

12.0 GS TO BE SUPPLIED BY SUCCESSFUL TENDERER
1 Two prints of each design drawing for approval to be submitted prior to commencement of
‘:’ work or manufacture of any equipment to Spoormet. This includes drawings of general
layouts, cable routes, schematic diagrams, foundations, equipment etc.

12.2 Two prints of each installation and/or erection drawing to be submitted to Spoornet, This
includes drawings of modular steel buildings, structures etc. and shall be delivered at the
same time the delivery of the equipment commencaes.

12.3 The successful tenderer shall supply one complete set of approved (signed) "As Built”

working drawings as well as the electronic files thereof. Drawings shall be fully dimen-
sionad, fully detailed, clear and neat. The set shall comprise all electrical and machanical
drawings considered necessary by Spoomet and shall include drawings of all renewable
parts or items. “As Built” drawings of all enclosures, structures and foundations shall also
be supplied.
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12.4

12.5

13.0

13.1

13.2

13.3

13.3.1

13.3.2

All relevant "As Built” drawings required shall be delivered to Spoornet within 90 days of
completion of the installation and delivery of equipment.

Until all relevant drawings called for in the contract are delivered, the contract will be con-
sidered incomplete.

CATALOGUES
Tanderers shall submit a separate guotation for the supply of the itemised part catalogues
when specified in the Schedule of Requirements. The size shall be A4 (297 mm x 210
mm). Consideration shall be given on merit of the supply of these catalogues electroni-
cally (PDF format).

2\
The information contained in the catalogues shall be classified into conveniept sectors
and be indexed. Thumb tabs shall be provided for quick refarence to se@%‘ll appa-
ratus shall be illustrated by means of photographs or detailed sketcl'ss on wi both the

parts and the catalogue numbers of the parts are clearly shown. ues shall have
exploded views of components for clarity where needed.

The following information shall be given in tabular form: O

Deslgnation of apparatus or item of equipmant.

Description of part including information suc %sions, sizes, resistance valuss,
stranding, material, current ratings, etc. Q

Catalogus number. O

Manufacturer's name.

"As Built" drawing and i mber whare applicable.

Quantity of parts n or éach piecs of apparatus.
lllustrating X p r sketch number,
Nato regi on where applicable.

“As Built” Drawings.

"As Built” drawing numbar.

Heading.

Parts shown on drawing.

Index to catalogue numbers.

Catalogue numbers in numerical order.
Catalogue volume number, where applicable.
Section in which part is listed.

Page number.
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13.43 Special tools.
13.4.3.1 Dessignation and description of special tools.
13.4.3.2 Catalogue number,

13.5 Each volume shall be neatly bound in hard sertviceable cover on which the contract num-
bers volume number and titles are printed. All the information in the catalogues shall be
given in a clear legible manner. The catalogues shall include all items of equipment to be
supplied by the successful tenderer.

13.6 Catalogues shall be delivered before date of complation of the contract.
\

14.0 INSTRUCTION MANUALS 4

141 Tenderers shall submit a separate quotation for the supply of the number o ies of in-
struction manuals specified in the Schedule of Requirements. Thegizg shall be A4 (287
mm x 210 mm). Consideration shall be given on merit of the supply catalogues
electronically (PDF format).

14.2 The successful tenderer shall submit draft instruction mar approval prior to final
printing/compiling and delivery.

14.3 The approved instruction manuals shall be deliwgred‘eefore commissioning the equip-

ment. If this cannot be met, the successful

preliminary instruction manuals, suitab
struction manuals are to hand (which o>
tract).

14.4 The construction, method
explained by means of
grams showing all detai

er shall furnish at least three copies of
use of maintenance staff, until the final in-
fore the date of compietion of the con-

operation/and purpose of all items of equipmsent shall be fully
iptions and photographs, sketches, drawings or circuit dia-

14.5 The informatiol the instruction manuals shall be classified into conveniant
here multiple models are produced each model shall be de-

sections an .
scribed in a Separate’section in such a manner that models not applicable can be omitted.
Wher sibile the sections shall be subdivided as follows:

14.5.1 5 ion,and commissioning.
14.5.2 e description and method of operation.

ine

Q Maintenance and inspection.
k14. ) Overhaul and repair of equipment.
14.5.5 Technical and maintenance data.

14.5.8 Test procedure flow charts.
14.5.7 Fault finding and trouble shooting.
14.6 The method of calibrating, setting or adjusting all equipment requiring such attention shall

be described and where necessary illustrated. The necessary data shall be given in each
case to enable the equipment to be checked by measurement if required.
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14,7 Full step-by-step instructions regarding the servicing and repair of the equipment shall be
given together with all the necessary data such as dismantling and assembling proce-
dures, working clearances, tolerances, limits, fits, maximum permissible wear, recom-
mended lubricants, use of special tools, insulation and winding data, spring pressures and
tensions, brush daia, fuse data, etc. Recommended servicing/rework/replacement of parts
frequencies shall also be included in the maintenance and inspection section of the in-
struction manual.

14.8 Any delay in delivery of the complete supply of satisfactory instruction manu-
als/preliminary manuals as provided for In this clause, will subject the Contractors to a de-
duction from the contract sum, of a penalty as defined in the tender, counting from the
specified delivery time until such time as the said manuals are defivered.

\

15.0 COMBINED DOCUMENTS !I\
If desired the catalogues and instruction manuals specified in clauseg 12.0 ang 13.0 may
be combined into single volumes. Tenderers shall state whether o Weir intention
to do so. In this case the delivery shall be as specitied in clau atively the
conditions described in clause 13.8 applies.

16.0 SPARES LIST O

16.1 To enable Spoornet to catalogue and timeously re all spares required, the following
information shall be submitted before commi ing'of equipment:

16.1.1 An itemised schedule of the spares (willifefar@nce to alternatives) which are recom-
mended for normal maintanance purp @

16.1.2 The quantity recommended to b heid@gainst each item on the spares list and whare sets
are supplied, the types andguan type to make up a set.
16.1.3 A full and complete orde scription and number of each individual spare with drawing

number if relevan

16.1.4 Where the deséription and number diffars from that of the original manutfacturer's
catalogue, déschiptioh and number, the original manufacturer’'s name, description, type
and orderi umber shall be listed as well as alf other relevant data available.

16.1.5 Gl | stock number - Nato - number of each spare where the particular spare was
i rom a Nato country and where a national stock number was allocated.

16 Initfally the spares list containing the above information will suffice, but this list shall not in

ny way replace or supersede the spare parts catalogue mentioned in clause 12.0.

17.0 PACKING OF DRAWINGS, CATALOGUES, INSTRUCTION MANUALS AND SPARES
LISTS
All items shall be packed in such a way that they are recsived in good condition.

18.0 SUBSTITUTION

This specification replaces specification CEE.0224.94
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SCHEDULE OF REQUIREMENTS

END

Appendix 1
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