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SPECIFICATION FOR 2 KILCVOLT DO ELECTRIFICATION COVIRHEAD TRACK EQUIPMENT

1.0 SCOPE

1.1 This specification covers the survey, design, supply (except
where otherwise stated)“and erection of 3 kV DC electrifica~-
tion overhead track eguipment for railwaye as specified in
the documents herewith. In certain secticons an 11 & trans-
migsion line will be required on the same structulres which
carry the 7 kV DCisquipment., This will also beedpficated in
the Annexure bto ‘this specification. After cogpletign of the
contract the completed detail designs shallqDe owned by the
Administration for their further use undex auywonditions
deemed necessary.

1.2 Since this specification covers interWalil the design and
supply of a2 special type of equipment which only tfirms with
specilal knowledge and experience ean nerform to the Admini-
stration's satisfaction, tendérs will only be considered
from firms who have designed afd supplied similar equipment
to other railweys, and fufthdrmere can prove that the equip-
ment supplied has proved eompletely sabtisfactory over z period
of years.
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GENERAL INFORMATICI

2.1 The Tenderer #Mil \be'provided with a single line diagram of
the open rowdbed and plans of the station layouts showing the
extent of @laCtytfication. Detalls of all physical features
are not alwagsYshown.

c.2  Thed@imensYons shown on individual drawings of the Administra-
Y tienMaybe either in imperial or metric measurement units.
Whegre Wecessary, conversions shall be made, However, all
dfawings submitted by the Contractor for zpproval shall only
be¥dimensioned in metric units.

P

D Designs for steelwork and linework requirements shall be
based on the following criteria :

Factor of safety for : line conductors and fittings z
: iron or steel : 2

reinforced concrete 3

i 2
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insulestors .

o O

Wind pressure 750 Pa on projected surface arez at right angles
te wind.

Equivalent area for wind pressure on round steelwork and
conductors : 0,6 of projected area.
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Eguivalent area for wind pressure on lattice sections : 1,5
¥ projected surface ares,

Ambient temperature range : =5 gC to 50 °C
Maximum operating temperature of wiring : 80 “C

Tenderers shall offer designs for insulated droppers to support
the contact wire. Droppers below 600 mm in length shall be
free to slide on the catenary wire znd the insulating medium
between dropper and catenary shall therefore be abrasion
resigtant and have a low coefficient of friction. Tenderers
are free to offer their own design of dropper attachments.
Tenderers may offer their own designs for overheadetrack-
eguipment fittings providing these are interchangebble with
existing Administration's designs, but the desagn of steelwork
and general design of the overhesd track equipmeny, (span
lengths, cabtenary sag, etc.) shall be as shown on the drawings
provided, or as herein specified. See algo Wagd2 and 14.5.1.

An 11 kV transmission line when speciffied,\shall be erected
on track equipment structures where physical features permit.
The section between make-off poinfis sha¥]l be cabled, but

this work is not covered under %his specification. The steel-
work design for main line stp@cfureés shall take into account
the provision of a 11 kV transmission line on these %Track
structures whether speciffed\ag required or not required.

See also 12.6 and 16. 3,4 thereof.

For the purpose of degign of the contact wire system the
maximum speed of trRaind=fiay be taken as 120 km/h .

Service condidlens are as follows

Altitude : 0 -04 800 m gbove sea level
Anbient tempe®&ture : -5 “C to 50 “C

Relatiee humidity : Up to 86%
Lighftning~econditions Severe

Tn)ad@dtion atmosphere may be polluted by steam or diesel
Mcoffotives and/or atmospheric or industrial sources and
this shall be allowed for by the tenderer in his tender,

CCHTRACTCR'S SURVEY ARD ELECTRICAL CLEARALCES

The Contractor is required to undertske a preliminary survey
to find out and set down all the physical features including
bridges, water columne, transmission line and level crossings,
signal structures, telecommunication routes and all obstruc-
tions which may have a bearing on the electrification of the
line on %the single line diagran.
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The minimun clearances permissible for treznsmission and com-
munication lines crossing the overhead track eguipment under
the most zdverse conditions of wind and temperature are as
follows

Description Clearance

Any wire not normally "alive 2,5 m
and the overhead track-equip-
ment steelwork.

Any high voltage transmission 2,5 m + the normal outdecor
lire conductor and the overhead earth clearance.
track-equipment steelwork.

Any wire not normally "alilve" 1,8 m + the mermal outdoor
and any "live" portion of the earth clegrance.

overhead track equipment.

Any high voltage conductor and €00 mm, ¥, tHe normal outdoor
the overhead %track-equipment earfh Cleéerance.

earth wire.

Anv high voltage conductor and 1,8 m + the normal outdoor
any "live" portion of the ovelr- garth clearance for the
head track equipment. higher voltage.

The outdocr earth c¢leapantes that shall be observed for
voltames at any altitdde ar® as follows

Veltage Clearance

650 75 mm

2 200C 75 mm

7 300 75 mm

& 600 150 mm

11 QBC 200 mm

22€00p 200 mnm
&5 QCO 420 mm
44 O0C 530 mm
€ 000 760 mm
g8 000 590 mm
110 00O 1,2 m
1722 000 1,4 m
165 GO0 1,4 m
220 000 2,0 m
275 Q00 2,2 m
500 000 Z,2 m

Transmission lines and/or 3 kV DC feseders erscted on the over-
head track equipment and which are independently switched

shall be located outside the confines of the overhead track
equipment steelwork and shall maintain the following clearances
under a2ll atmospheric conditions

T
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Description Clearance

Any high-voltage transmission 1,8 m + the normal cutdoor
line conductor and/or separate ezrth clearance for the

3 kV feeder and any "live" higher voltage.

portion of the overhead track
eguipment.

Any high-voltage conductor and 600 mom + the normal outdoor
the overhead track-equipment earth clearance.
earth wire.

Minimum height allowable for lict below the highest point
any high-voltage conductor not of the adjacent "ldve"
positioned further than 2,5 track equipment,

metres plus the pormal outdoor
earth clearsnce to any portion
of the overhead track equipment
steelwork.

The mwinimum clearance permissible betwgen eny high-voltage
transmission line conductor and a sepalate)? kV feeder, both
run on overhead track-equipment strhcture€ shall not be less
than 1,8 metres plus the normal ewidoor earth clearances for
the higher veoltage.

The minimum ¢learance thabtshall be naintained when trans-—
nission and/or communicati@n lines cross transmission lines
and/or separate 3 kV fefderSsdn overhead track structures
under all atmospheric Cpnditions is as follows

Letween the ftranstidssion line and/or separate 3 kV feeder
on overhead tracCh-8gUipment structures and the other trans-
mission line @r communication circuit : 1,8 m plus normal
outdoor earthlearance saspplicable to the higher voltage.

In casgaNyhere® low-voltage transmission and communication
lineggCrossvelectrified tracks, protection to the overhegd
trackN\eQuipnent shall be afforded by means of z suitable cradle
is5tal hed on the sides and underneath the crossing, or another
approved method used, Where such devices are not existing, the
gon%ractoer shall refer these crossings to the Engineer for

nis further attention.

After the preliminary survey all instances where crossings

are under c¢learance, shall be referred to the Engineer, so

that he msy make arrangements to provide the necessary clearance
or cable the intermediate section affected.

Subsequent To the preliminary survey, the Contractor shall
again check through the route and tentatively fix the struc-
ture positions either by appropriate markings on the rsil or
by staking. The structure positions will be dictated mainly
by the permanent way and physical festures. Allowance shall
be made for future doubling on single line secticns by posi-
tioning masts opposite to the side of the proposed fubure
track. (Unless this is to be at 5,5 o to the existing track.)
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SPECIFICATION NO. I-T6E-4
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If foundations are required on rail bridges, these shall be
referred to the Engineer, for further attention. The require-
ments for bracket mounting facilities under overhead bridges,
shall be based on drawing BE 7595M. Where this drawing is

not applicable, the matter shall be referred to the Engineer.

From the survey (clause 3.7 refers) a preliminary lay-out
plan shall be developed, recording the positions of zll
structures and lay-oub of equipment between them. Standard
electrification symbols shown on drawing CEE-TA-6Z shall be
used for plotting the lay-oubt on scale plans. The sections
between stations and station lay-outs shall Le prepared on
separate scale plans and the division between stabtipn to
station sections and stations shall be taken as th®'overlaps
situated on either side of the statiomn.

As soon as the preliminary lay-outs become az%ailablle inspection
"walk-outs' shall be srranged through the Efglpegr in order
that the Departments of the Administratid@=egmcerned may agree
finally %o the positions of structuregd No\installation work
shall commence prior to the spproval @f lay-outs by the
Engineer.

The Contractor will be recguirgdyto

{(a) Co-ordinate switch stefet@re positions relative to
the traction substations)and tie-stations with the
fraction substatigd® Cenpractor (throush the Engineer).

(b) Co-ordinate transPesfier H-mast positions relative to
electric light \and power and signalling supply points
with the Fmgineer,

OVERHEAD TRAGWLEGUIPMENT STRUCTURE POSITION REQUIREMENTS

Electrificetion structure clearances to be maintained for
mosts’ shadl be as follows

Sinrgl 8 dnd multiple track

ImM\general mast to track centres shall be at %,2 m except
where otherwise provided in the following clauses

Single track : signsl approach

wWhenever possible masts shall be located abt 3,2 m centres

on the left hand side of the track spproaching the station
in order not to obscure signal visibility. In cases where
masts are situated on the right hand side of the track and
at any location where signal visibility is likely to be
impaired the centres shall be increased to 3,7 m . The dis-
tance between centres as well as the pumber of masts decided
upon shall be in agreement with %the Administration's Signal
and Telecommunication Department.

6/.--0
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4.1.3 Multiple track : signal spproach

Mast to track centres shall be retained at %,2 m but where
this will interfere with signal visibility the mast shall

be moved out to 3,7 m centres. Alternatively, if colour-light
signals are to be provided, signal gantries may be used.

Lo, 4 Cuttings
Where possible mast to ¥track centres shall be at 3,7 m to
avoid fable drains, or otherwise comply with the Chief Civil

Engineer's requirements. Tenderers shall include a unit price
for tatle drain re-establishment on a metre length basis,

4.1.5 Banks

3,2 m mast to track centres shall be used. Refer o clause
4.1.6 for clearances to be observed for cunves.
4,17.6 Curves.

In all cases the clear distance from mast) to centre line

of the respective track shall in ro inséfnce be less than

the dimensions lald down in theeghief Civil Engineer's
drawing type D361M. (The dist#fige shall not be less than

5,2 m in ary particular case wpf sections between stations, or
2,75 m 1f centre masts arg employed on double track.)

4.1.7 Station Platforms

Masts on station platfowds including goods road platforms
shall be positiofiad\such that there is z minimum clearance
of 3,0 o from,8dge OFf mast to edge of platform. In the case
of island plétforms, structure supports shall be positioned
on the centreflime of these platforms. The foundation height
on platforzy sBll be 1 100 mm above rail level, Masts which
are readilyy ®limbable shall be equipped with anti-climbing
deviges.

4.1.8 dnchongasts behind stop blocks

Ti¢ minimum clear distance between the ancher mast and step
block shall be 6 m . Insulation shall be introduced into the
contact and catenary wires immediately above the stepblock
and the wiring between the stopblock and the ancher mast
shall be connected to raii.

4.1.9 Minimum clearance

Structures shall not be positioned nearer than 2 465 mm ¢lear
of the track centre line plus the clearance fto be observed

on curves where applicable, as laid down on drawing D767,
This minimum clearance shall only be resorted %o when there
is no slternative, and with the approval of the Engineer,
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4.2 The maximum span lengbh permissible on tangent track is 67
metres., In secticons particularly exposed to wind it may
prove necessary to decrease the span lengths. These sections
shall be estsblished by the Contractor and so marked on scale
plans., The funneling effect of certain ground formations as
well as the upward deflection of wind by high banks shall be
taken into zccount in determining reduction of span lengths.
Particular attention shall be given tec the safe design of
supporting structures in such sections.

5.0 PARTICULARS CF MAIN LINE OVERHEAD TRACK ZQUIPMENT

5.1 On sections bebween stations and main line/s through staticns
the overhead track equipment shall consist of a simple cate-
nary, contact wire, %with a tension device) andegafd aluminium
feeder suspended above the catenary. Particulars of the con-
ductors are =zs follows

Description Catenary Contact Beeder
fake-up of 80 mm2 (7/%,75 161 qn“\solid 800 mm2 (e1/4,25
wire. stranding) stranding)
Material Hard-drawn Herd=drawn Hard-drawn
COpper. cgpper. aluminium,
SABS 182 Bt 23 SABS 182
Remarks Alternatively

special (make~
up of ACEE OT
other\suitable
Wire may be
offered in
inland

aFfeas,

Maxipfém Span 67 m 67 m

THE mexifivn continuous current rating of these wires will be
2 #6¢, amps. Higher current up to 3 CCC amps will also be
experienced for periods not exceeding 30 minutes, Such over-
current veriods will be separated by intervals of not less
than 20 minutes when the normal maximum continuous current
will flow. Short-circuit currents will be experienced atb
infrequent intervals, with short-circuit currents of 20 0CO
amps flowing for 3 periods of 60 milleseconds each within a
cycle time of 45 seconds. This cycle may be repeated once
only after an interval of one minutbe.

Connection between fgeder, catenary and contact wire, of
cross-section 160 mm“, shall be provided at every suspension
point on main lines, and on crossing loops adjacent to main 5
lines. Conrections between catenary and contact wire of 50 umm
cross-section shall be provided at every suspension point on
tracks other than the abovementioned.

8/00--
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5.2 The tensioning of the contact wire only, on main lines, shall
be effected by means of z weight tensioning device. The cate-
nary wire/s in this case shall be at a fixed Tension and its
tension will wvary with temperature.

Turnbuckles having a take up of 460 mm shall be incorporated
in the fixed znchor assembtlies. In addition, in the case of
the feeder wire only, link plates of 460 mm hole centres
shall be placed in tandem with the turnbuckle.

The tenderer shall irdicate in his tender how it 1s intended
to compensate for a reduction in the cross-sectional area

of the contact wire due to wear (i.e. a minimum thiekness)
when a weight bensioning device is used, and the guccessive
sizes of wire at which weights must be reduced,qisd to De
stated also.

Where the contact wire is also fixed tensionedNa€& in station
vards s maximum tension length of 1 830 _méiTes® will be per-
mitted.

The maximum tension length of a colitact™fire, tensioned by
a weight tensioning device shall™he 1 61C m or approximately
24 spans between snchor pointg on tangent track.

New contact wire when autgha®icelly weight tensioned shall
hzve a designed constant fension of 14,5 kN . By alteration
of the weights 1t shalfl bewdssitle temporarily to increase
this value ty 10% if required.

Tension in worn Jdonatect wire may be permitted to increase
to the maxinuw Perni®sible working load (ultimate strength
2) before &hey wélght ig reduced.

The contadt Wi¥e height at the tensioning position will nor-
5.5 mally Fewanoroxinately 5,0 metres sbove rail level and this
’ willgbe, tI® availsble space for the mounting attachments and
mosmemgnt oo f the weights.

ThE @E8st to which the weight tensioning device is attached
shall be either

a 20% % 152 mm or 229 x 178 mm I section

or
a 204 x 20€ % 52 kg/m or 206 x 216 x 71 kg/m Universal Column
section.

In order that standard components are supplied, brackets for
attachment o the above mast sizes shall be suitable for
attachment to each of the I section masts specified.

5.3 The weight tensioning device shall be of the wheel and barrel
type and shall incorporate z device to prevent displacenent
of the weights in the event of a broken conductor. The mechani-
cal advanbtcge shall be 3:1 or 4:1 or have suitable intermediate
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values, The maximum contact wire length from anchor to the
midpoint contact wire anchor location shall be 805 metres.
Full details of the tensioning device, including the weights
required and recommended mounting and guide arrangements are
tc be supplied by the tenderer.

The flexible wire rope which is attached to the weights and
to a standard tension insulator fitting shall be fully
detailed in the tender ard shall include the measures taken
to afford protection against fabtigue and corrosion. Special
attention shell be given to the prevention of attack by
atmospheric corrosion.

The strength of all fittings and wire ropes shallg®he sufficient
for the purpese with an adequate factor of safely|and the
ultimate strength of all components shall be detgiled by the
tenderer.

The weight tensioning device shall be pro¥rded with a swivel
‘arrangement to allow the contact wiregfoNahchor at various
angles to the mast and suitable arrangemehts to prevent
twisting of the pulleys are also th bewiicorporated in the
design. The pulley bearings shald,be ball or roller bearings
of the sealed type.

The fittings used with theg”Weight tensioning device shall be
capable of carrying the fll short-circuit currents speci-.
fied and suitable arraghcemen#s for bonding the device to the
traction rail via thelanclor wmast shall be provided.

A means of prevefibing unauthorised handling of the weights,
such as a probfetivélcage surround, shell be included in the
design.

411 metall\compefients shall be non-ferrous or hot dipped gal-
vanisedanto) SABS Specification 763 or equivalent national
spegidTicabion.

5.4 gont 28 and catenary wire overlaps shall be positioned on
Bafifent track or may be positioned on curves of radius not
lewss than 500 m, providing the masts are situated on the
outside of the curve. See drawing CEE-TP-124 sheet one,
general arrangement drawing. The 25 kV insulation in the
catenary system shown on this drawing shall be changed to
% kV insulation however,

5.5 On main line single or double track, overhead track-equipment
for each track shall be separately supported from a canti-
lever with the insulators suspended in such a manner as to
allow along the track movement of the conductors, under
abnormal conditions such as a broken conductor, Switched
overlaps shall be generally to drawing No. CEE-TP-120
sheet one with the exception that % kV insulation shall be
substituted for 25 kV insulation. Only at overlaps for
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nultiple track with no suitable track centres shall the
overhead wires for each track be suspended from common steel-
work. In the case of the main line through stations, overhead
track equipment may be suspended from steelwork common to the
yard or loops.

The feeder wire shzll be run over all mazin lines including
the main line through station precincts and, where indicated
by the Engineer, on the station loop adjacent to the main
line.

The support arrangement under bridges shall comprise a trans-
verse span wire to support the catenary, together with a
contact wire registration steady arm, free to traverse hori-
zontally. A suitable design is included in the schedule of
drawings herewith, but the Contractor may offer,an alterna-
tive design.

The support arrangement on steel box girder %ivef bridges
shall comprise suspension brackets for the “®abtenary and feeder
wires, attached above the bridge, withfhowlgontally tra-
versing steady arms for contact wire Registration as shown

on drawings Nos. BE-TP-40 and BE-TNF-45wSpacing between
supports shall not exceed 9 m .

The steel crossarm for attaching the 11 kV line to box girder
bridges shall be insulatedl oot electrically and against
vibration and shall be generally as indicated on drawing
No,., BE-TMG~6. Spacing Petweenw supports shall not exceed 50 m .

(Fote: The mounting\arram€ements may require to be adapted
to the particular(™imensions of the box bridges.)

All overbridges, shall have profile drawings prepared by the
ContractoreheWving the position of supports, contact and
catenary wire h€ights at suspension points, and the grading
of the ,®ontact wire relative to the track if applicable, on
scalg/piams, Certain bridges have alreddy been provided with
brid@e’ bpacket mounting facilities either by bolts or nuts
gés? Iwsthe underside and these may be used where suitable

ad the brackets required shall be securely fixed by the
Contractor. Contact wire shall run parallel to tracks under
bridges and to the first structure on each side of the bridge.
On overhead bridges with clearance to rail level of 4 920 mm
the contact wire height shall be 4,5 metres. With a clearsnce
to rail level of 5 080 mm the contact wire height shall be
4,650 metres. Holes may be drilled in bridges only after
approval of the Chief Civil Engineer has Deen obtained through
the Engineer.

Tunnel fittings, 1f required, shall be of Contractor's own
design and shall be approved by Chief Electriczl Engineer.
Overlaps shall be positioned immediately outside both entrances
to all tunnels and must be installed in lopg tunnels where

the tension length encountered requires an overlsp.

1M/ eene
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5.10 The following specifications shall apply to line conductors
unless the tenderer offers equipment complying with other
National Standard Specifications and these specifications
are acceptable to the Administration :

Hard-drawn copper contact wire BS 2%
Other hard-drawn copper conducbors SABS 182
Hard-drawn aluminium conductors SABS 182

Aluminium conductors, steel reinforced SABS 182
6.0 STATICN AND YARD QVERHEAD TRACK EQUIPMENT PARTICULARS

6.7 In yards the OVerSead equipment shall consist of a gimple
catenary of 80 mm® cross-sectiogy (7/%,75 stranding) hard-
drawn copper and a solid 161 mm~ conbact of hard-drawn copper.
Sufficient current-carrying connections of suitable cross-
sectional area for the purpose shall be provided between the
catenary and contact wires. For ease of adjusting tensions
afterwards turnbuckles of 460 mm length dFewbte De provided
with these wires at anchor points.

6.2 Cantilever masts shall be used forgtwoNtpé&cks on tangent
track where the spacing between Grack centres is 5,5 m, and
in other instances portal or gepardte cantilevers where suit-
able, For more than two tracks, /portal structures shall be
used, namely booms or latiioe ¥ridges. Alternatively, cross
catenary construction of {esign®acceptable to the Chief
Electrical Ensineer may™beNused. The support wire and fittings
ghall be of a corrosidn-rdsistant material acceptable to the
Chief Electrical Engineexnt

6.3 The structures <€ok bain line/s shall, wherever lay-outs permit,
form part offhe Wward steelwork. The structures across yard
roads shall ppé€ferably be in line and in line with main line
structured whege applicable.

G.4 On poftalngtructures cross-span wires for supporting the
registéring arms shall only be used across yard roads where
nd elecpTical overhead-track separation is necessary, other-
Wwigewmthe contact wire shall be registered separately with
regpect to the track it serves, the steady arm arrangement
being attached to vertical steel members supported from the
portal bridge. Cross-span wires to be installed to drawing
No., CEE-TP-~153,

5.5 Pull-off arrangements shall be provided in yard spans where
it is necessary to pull the contact wire on gauge. Pull-off
masts (i.e. with catenary wire not suspended) shall not be
uged on main lines between stations.

6.6 The contact wire on the main line/s through the station shall
be tensioned with a suitable device, and acceptable arrange-
ments shall be made where the wires with automatic ftensioning
device meet wires which have ne such device installed. See
alse 5.2 to 5.4,
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Signal gantries for colour-lights shall be provided, when
required, in yards or loops. The positions shall be established
from the Administration's Signal Engineer's designs to fit
particular locations. The installation shall be carried out

by the Contractor. These gantries will be similar to that

shown on drawing Ne. CEE-TP-28.

All sidings or goods roads shall have structure masts posi-
tioned opposite the side on which loading and unloading is
undertsken, where physical lay-outs permit. In the case where
8 m track centres are intended for access roads in yards,

no masts shall be positioned between these tracks.

GENERAL OVERHEAD TRACK-EQUIPMENT PARTICULARS

The normal contact wire height above rail leyel shall be

5,0 m . However, to allow for the future lidting of tracks,
structure heights shall where necessary he ihchgased by 150
mm minimum above this normsl height whereNappricable. This
150 nmm extra height shall also be proyided “at level crossings.
The minimum contact wire height shgll Woe @ot less than 4,5 m
unless approved of by the Chief Elgctri€al Engineer and in
this instance it shall not be lé%sJthan 4,2 m , The contact
wire shall be wmaintained at a/Minimtm height of 5,5 m above
rall level, over proclaimed 18afs at level crossings.

The contractor shall ergcth warning height gauges on each

side of all level crogkings™and also where a rToad gives zccess
to an area traversed by electrified track and to which the
public has legitipa%e ac€ess, such as a goods shed ares.

A height gzauge 8kall“comprise :

Two poles Sgngected by two galvanised steel span wires of
size 7/4,0, nh #fid approximately 285 mm apart. The lower wire
shall P& \mm" above the crown of the road, where X = contact
wiredheigh¥®s minus 300 mm .

Pwolinsline stay wires to counteract the tension of the span
wites, The stay bolts shall be of an approved light duty
dedign with galvanised 16 mm diamebter staybolts and galvanised
anchor plates.

Cne or more "Danger" signboards to drawing No. CEE-54/112400
affixed belween upper and lower span wires.

Poles may be either galvanised steel, reinforced concrete,

or wooden poles vacuum impregnated with creosote. Poles shall
be ovuried 1 200 mm in the ground. Attachment of span and stay
wires Yo the poles shall be in such a manner as to preclude
slipping. The poles shall be erected clear of the shoulders

of the road, =znd epproximately 2 OCO mm inside the Administra-
tion's boundary fence. Care shall be exercised however, as
important communication and signal cables are frequently
buried in this vicinity, and the Ingineer shall gpprove all
height gauge positions before excavation commences.
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Arcing horns shall be fitted at + 0,8 km spacing on the whole
route as well as on each side of a switch structure st feed-
ing points at substations and tie-stabtions. Drawing CEE-TP-70,
which depicts a type in use by the Administration, is enclosed
as a guide, Contractors mazy use their own design which need
not be installed at the steady arm insulators as shown on

this drawing, but preferably on the top of the cantilever/
portal,

The Engineer shall approve the Contractor's design of arcing
horn.

SECTTONING

On the main line electrical sectioning shall be pgovided on
either side of a station by means of switched oyeFrlaps or
suitable high speed section insulators. These ovemnlaps are bto
be sited in collaboration with the Signal and Telecommunica-
tion Department so that signals are not gbsOuled and subject
tc the proviso that the first structure oi™bile overlap is a
minimum distance of 100 m to the facipg Points. The placing

of these overlaps shall take into acceunt) the tension length
through the station, which should hot ew€eed that for which
the tension device on the conbtaoh.Wire is designed. However,
when a substation is situatedsih clese proximity, namely, with-
in 5 spans of the overlap, thefverlap need not be switched,
as sectioning will be proyided\by the switching arrangement at
the substation. In thisg _imstahce the non-switched type of
overlap shall be retaified, ™ substation switch structure shall
be located at least three)spans away from an overlap. No
further sectioning of Phe main line is required except where
normally provided™al, stations and by section insulators at

the switch stpleturés provided at substations. If tie-stations
are providedd sectioning shall be similar to the arrangement
required at s@ibstations.

If a high-spded section insulator is offered as an alternative
to afswyitehed overlap, it shall incorporate the following
featuses ‘

e Punning surface of the insulator shall be in the same
plene as that of the contact wire, and means shall be provided
readily to adjust such running surfaces.

The tension member/s of the insulator shall either have the
axis/axes in the same plane as that of the contact wire,
or if offset, shall have a compensatory compression insulator.

The insulator shall have a transverse stabilising device
and the overall width perpendicular to contact wire shall
be as small as possible compatible with the specified
clearance. ‘

The dynamic characteristics of the insulator shall spproximate

as clogely as possible those of normal contact/catenary wire
construction,
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8.1.1.5 The composition of insulating components shall be completely
non-tracking under the specified atmospheric conditions.

8.,1.1.6 The balance of the insulator shall not be disturbed by the
differential movement of contact and catenary wires with
thermal variation.

8.1.1.7 Components likely to be eroded by arcing shall be readily
replaceable.

£.1.1.8 Arecing horns shall be fitted capable of clearing the full
fsult current.

8.2 Sectioning shall be provided between yards and main' lines
and glso between yards; for example, up and dowm, arrivals
vards., All goods roads where loading and offloading is under-
taken shall be switched by means of an isolgtfing and earthing
switch with a rating of 1 000 amps. Water, colump& situated
between electrified roads or adjacent to an ebectrified track
wvhere watering is undertaken shall be fproteeted by means of
sectioning and switching arrangements ‘as per drawing
CEE-TLC~4.,

8.3 At loops, sectioning and switghlipg Sheall be provided in the
loop roads. Section insulatorsghall be provided at each end
of the loop, and the loop Shall\then be connected to the
adjacent track by means_of an/overhead track switch. Alter-
natively on long loopsf an Imstlated type of overlap with an
overhead track switch 4s b be installed and a section
insulator at the opposit® end of the loop.

9,0 SPLICING INTO £ARLSDING OVERHEAD WIRES

2.1 The Contradto¥ slall take into consideration existing elec-
trification Ray-outs when positioning overlap spans and
termina®ing wires, to calculate the tension lengths required.

9.2 They, Cgnitpactor, during the course of his survey, shall plot
énd/inefude the position of 4 to 5 spans of the existing
ed¢ct¥ification structures and the lay-out of equipment
bebween them on his scale plans. Splicing in of new overhead
track wires shall be undertaken by the Conbtractor under the
necessary work permit requirements.

1C.0 FOQUNDATIORS
1C.1 Design

10.1.1 The design of the foundations shall be the responsibllity
of the Contractor.

10.1.2 Whatever the design used, the resistance between the mast
steelwork (supported orn the foundation by means of bolt
groups or as an integral part of the foundation) and earth
shall have a minimum resistance of 50 ohms.
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10.1.3 If the mast is bolted down on a foundation, then insulating
pads, washers and bushes of an acceptable grade and thickness
0f pglass fibre material shall be used for providing a high
level of insulation, The concrete cover on the foundation
bolts shall be not less than 150 mm for the purpose of pre-
venting leakage currents as far as possible. See under
"erection of steelwork" for method of protecting insulabting
washers and bushes by use of sealing material.

10.1.4 Tops of foundations shall be at heights as specified below to
minimise possibility of loose earth collecting on the top
surface and thus causing leskage of current. The heights
required generally are as follows

(a) Standard I-beam or universal column bolt gmoup founda-
tions not less than 150 mm above formation legel and
not more than 500 mm below rail level ,qeX%cept ir station
yards or where otherwise directed and ih tlese cases
the foundation height shall be raised, THPrail level or
as directed by the Engineer.

Where the foundation is an integral™part with the mast
as in the case of core type™fgundations, the foundation
will be level with the foTmation and a collar shall be
cast around the mast to Rot less than 150 mm zbove for-
mation level or not moreythan 500 mm below rail level.
In station yards theg\collar shall be continued to the
rail level as dingcted™¥y the Engineer.

(b) Standard rail mast™“foundations with bolt groups as per
bolt group fowndations in {a) above,

(d) Cross-cgtenar mast foundations with bolt groups are
to be ¢adt bevel with the highest rail of the group of
rail ¥trackS to be spanned by the cross—catenary wire,
extept where otherwise directed by the Engineer.

10.1.5 Foundetion design shall be such that the maximum loads will
Be garpied without movement of the foundation in the ground.
Onfcompletion of the installation the excavation shall be
TiMNed back and the £ill consolidated to at least the density
¢f the undisturbed soil.

10.1.6 Where back guys (stays) are required the contractor shall
excavate for and plant the anchor foundation. The stay rod
shall include insulation as depicted on drawing No. CEE~TQ-31
which is issued as a guide to the Administration's require-
ments. A cast foundation which conforms generally to this
drawing may be offered if desired and will be subject to the
approval of the Engineer. Unit prices in this case are to be
included in the schedule of prices. Stays which congtitute an
obstruction or hazard shall be protected with stay guards,
which shall be protected with one coat of a suitable primer
plus twe coats of white o0il paint.

10.2 Excavations for foundations and payment
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Excavations for foundations shall be suitably covered whenever
work 1s nobt actually in progress and side drains shall not be
blocked. The cover used shall be capable of withstanding a
mass of 100 kg .

The Schedule of Prices provides for separate unit rates for
various types of material excavated,

"Soil" shall mean material which can be excavated by means of
pick and shovel only.

"Non-cohesive material™ shall mean material in which it is
not possidble to excavate a hole with vertical side$§'by reason
of the sides collapsing. This shall zpply whethelf the
material collapses in the dry state or as a restidf of water-
logging.

"Seft rock" shall mean broken, friable orfselt Yock which
can be excavated by means of a mechaniesh ®xcavator, paving
breaker or moil point,

"Hard rock" shall mean material which can only be excavated
by blasting or drilling and spldatting. This shall include
non-reinforced concrete,

Excavations for all types(of foUndations will be measured
according to the dimengd®ns slown on the relevant drawings,
unless otherwise instructed by the Engineer. Overbreak will
not be paid for.

ixcavated materdal, Wlll be classified and measured separately
in the categoriesiindicated in the Schedule of Itenms,
Estimated Quandities And Prices, and the Contractor will be
paid sccomdiug, @ the rates applicable to, and volume of,
each compofent material,

should #£uttings require to be widened to accommodate founda-
tiehsonfleviations of the table drains, the cutting shall

Be gSat "Wack for its full depth and at the same slope as the
eriginal cutting. Excavation of this material will be measured
separately from the foundation excavations. (This will apply
only to cuttings in soil or friable material.)

Excavations shall be concreted as soon as possible and under
no circumstances may excavations be left near running lines
without adequate precautions.

Concrete in foundations

The specification for concrete to be used for foundations

shall be in accordance with specification E8 included in these
documents. The strength shall be adequate to suit the tenderers
design and in accordance with clause 2.% of this specification
and shall not be less than 15 MPa . As regards curing of the
concrete, clause 12.1(V) of the specification E8 shall apply.
The tenderer shall furnish the designed strength of the con-
crete at 28 days to the Administration with his tender.,
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STRUCTURES AND MASTS FCR SUPPORT OF OVERHEAD TRACK EQUIPMENT

Structural steel for supports, bridges and other fittings shall
comply with BS 4360, or equivalent, if mild steel is Yo be used.
Tenderers may, however, offer structures of high-tensile steel
to BS 548 or equivalent., Alternatively, rust-resisting steel
"Corten" or similar can be offered in which case painting or
galvanizing will not be reguired.

A1l items of mild steel or high tensile steel including masts
shall be hot-dip galvanized in accordance with SABS 763 or
equivalent specification. Electroplating or sherardising of
steelwork items will not be acceptable.

The deflection of structures and masts must be @mygh that under
the maxirun working loads plus load due to wind, vhe panto-
graph shown on drawing CEE-TJN-129 attachede Will not leave
the contact wire in the middle of the spam, Whew also taking
into account the stagger of the contactmspeciPied. In addi-
tion sufficient allowance must be madd fok ether factors such
as locomotive motion sway and track ingccuracies. Vertical
deflections of the structures shall a21s6” be taken into account
for this purpose.

To prevent corrosion in the.woslded joints all welding shall
be continuous with no gapd or\blowhcles.

1f masts are of the type wh¥Ch is bolted down on the founda-
tion then allowance, shall /be made for using mast base insu-
lating washers and Bushe® as described under section 10 of this
specification, :

Design of st€ugtures and associated fittings shall take into
account that PaiMting of these will eventually be required,
consequently\al open type of design is required so that a
paint drush can reach all corners easily.

Dpawitgssof 2ll items of structures, masts and fittings
€hall € sutmitted with the tender to give a clear conception
of the tenderer's proposals.

Prestressed concrete structures and masts may be offered by
tenderers if desired, but in this case the problem of elec-
trolytic corrosion of the reinforcing steel and minimizing

of leakage currents shall not be overlooked. Full details of
the design shall be given and corrosion protection methods
fully outlined, In this case all steel brackets on the con-
crete supporting high-voltage insulators shall for purposes
of safety, be earthed to the negative return of the system or
to earth, as the case may be.

ERECTION OF STEELWORK
The sequence of erection of masts, fittings, etc., will be
left to the contractor to determine, except that The seguence

of actual mounting the mast on its foundation shall be as
follows
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The material used for sealing the undergide of the mast base
shall be as follows, %o specification No. T-P4A-S

{a) Petroleum jelly paste equal to Denso paste.
(b) Petroleum jelly impregnated nylon fabric tape
equal to Denso tape.

The foundation top surface shall be coated with the paste
over the area where the mast base will be placed, extending
this by approximately 50 mm right around. This paste shall
also be applied to the underside of the mast tase and the
protruding bolts.

Phe tape shall be used double thick and shall be g¥t to a

size approximately 500 x 200 mm (2 padsg per foundation) for
I-beams and 820 x 200 mm for rail masts. These Pads must be
placed over the foundation bolts in such a m@nner that the

mast base angles will be completely coveredNuhdesrneath, after
erection of the mast onto the foundation Wil The pad pro-
truding spproximately 25 mm right arcuffiywhich must be smoothed
down onto the concrete to form a seall Solme of the Jelly will
be squeezed out of the tape by thegmass, of the mast and must

be trimmed around each base angle.

Please note that the above pfocgdure obviates the installation
of the square insulation pads &@s used previously.

After the erection of ghe Wmast, a ferrule must be inserted
over each bolt and info the hole in the mast base, followed
by filling the holé wibhpetroleum Jelly paste, then the
placing of the rdund insulating washer, the round steel washer
and finally thezoutYylall as shown on drawing No. CEE-TU-30,

12.2 The nuts shall be tightened as tightly as possible by one
man only Gs%ng 4 spanner not longer than 500 mm . Under no
circumstances shall the spanner be lengthened by a pipe, or
ancth€r deyice used.

125 The)nast” base around each bolt as well as the nuts and bolts
mudtmde coated with the paste and a square of tape folded
pver the bolts and smoothed down to form a sesl which will
cover the bolts and nuts and an area of approximately 25 mm
around the nuts on the mast base.

12.4 During the erection of masts special care shall be exercised
by the Contractor to avoid damage to foundations, bolt screw
threads, insulation pads, ferrules and washers, and the base.

12.5 After erection each mast shall be tested to ensure that the
insulation between the mast and the belt group is sound.
Any mast failing the test shall have all ferrules removed by
the Contractor to ascertain the cause. If necessary, the
whole mast shall be lifted and the insulation renewed.
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12.6 Provision shall be made for running an 11 kV transmission
line on overhead track structures. With this in mind, masts
and structures in such positions that they will be reguired
to support an 11 kV line if run, shall have sufficient strength
to take the extra loading of the transmission line even though
it may not be specified as being required at this stage.
Masts provided shall be long enough for attachment of a cross
arm (either at present or in the future) with the earth wire
positioned above the cross arm (see also clause 16.3%.7 here-
of.) Where restricted vertical clearsnces exist the trans-
mission line may be carried on separate cantilever amms %o
the side of the mast but the phase wires shell not be below
the level of the adjacent 3 kV DC equipment.

12.7 Certain station yards will require street lighting type
luminsires suitable for 400 watt high-pressure mWercury-vapour
lamps, to be erected on traction masts. The<height®of the
luminaire to be approximately 15 metres abowe\the ground.
With the above in mind masts shall be pr@wided which are
capable of accepting an extension foryfthese lights either
initially or in the future. The extensiorn shall be provided
with suitable climbing rungs and gafelygdioops for maintenance
purposes. As a gulde drawing CEE-FFT-8 of an extension used
by the Administration is included.\Provision of the luminaire
and wiring is not part of this fender. Yard lights will not
be erected on masts carryafim, 4 transmission line or a track

switch.
12.0 PAINTIENG OF MASTG
131 Paints and primefs

13.1.1 The primer ufed ®lall be calcium plumbate to specification
CS5 18%/5.0NE57, in the case of painted surfaces.

In theecase ©f anti-corrosive tape systems a structural steel
pringr e specification No. T-PLA-8 snall be used.

N Yeoegtal areas and inland up to & kilometres from the sea
thEe=masts shall be treated with an anti-corrosion tape systenm
(equal)to Denso tape) to specification T-P4A-10 (latest
issue.

From & kilometres upwards and up to 20 kilometres inland from
the sea filled bituminous paint to SAR specification

CSS 18%/7.26 shall be applied as the intermediate and final
coats.

From 20 kilometres upwards in inland areas high-gloss enamel,
slow drying dark Admirality Grey paint to specification

C88 183%/8.00/G12 shall be applied, over a tie coating to
specification CSS 183/6.01/G22.

1%.2 Preparation of surfaces
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A1l masts after fabrication shall be blast-cleaned to white
metal. Abrasives and dust shall be removed by brushing and
afterwards shall be primed within 8 hours.

The masts shall be shop primed with calcium plumbate primer
at a spreading rate to give a dry film thickness of 0,02

- 0,04 mn . The primer shall be allowed to dry for a minimum
period of 48 hours before the initial coating.

Painting

Primed masts shall be coated with two coats of fillgéd bitumi-
nous paint, where this is specified. The initial cpating
shall be shop painted and the final coat site pammbed as
follows

Shop painting

Filled bituminous pgint shall be applifd at “a spreading
rate of 1,5 - 2,5 m“ per litre to giveWa dry film thickness
of 0,250 - 0,500 mm . The paint shall be"allowed %o dry for
not less than 1 day under ideal t®mperature conditions.
During transport of the masts£o)site special care shall be
exercised in preventing damageN\t© the painted surfaces.

Gite painting

Surface paint defecis, wusfed patches and damaged areas shall
first be réstored with tHe specified primer and initial over
coet and allowed ToNdry. Before applying the finishing coat,
2ll surfaces ghtadl \be" thoroughly cleaned and brushed down.

An overall cadatyof “filled bituminous pain®t shall then be
applied toe@ive @ total dry film thickness of 0,550 - 0,800
mm . The paidtifig shall be carried out on erected masts.

All suat®h structure masts shall be given a final coat of
alumidiiym pHint to specification CS5.183/7.20 of suitable
thimkn€sgron site over the filled bituminous paint,

AWdifiralty Grey paint

Where this is specified the primed masts shall be coated with
two coats at a spreading rate to give a total dry film thick-
ness of 0,200 - 0,500 mm .

Cleanliness

Cleanliness in applying paint is essential as paint shall

net be spl ed onto insulators, wires, fittings and founda-

tions. Any paint splashes shall be removed,

Stencilling and numbering of structures

A1l structures shall be sequentially numbered with letters
approximately 75 mm high in black on a yellow coloured back-

ground. Alternatively, suitable plastic stick-on or transfer
type of letters and numbering with a yellow background may
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be used. The letter and number that shall be stencilled on
the mast will be advised to the Contractor after approval of
the lay-out plans. The number of letters and numbers per mast
will range from between 4 and 10, and the height above foun-
dation level will be 2 m .

OVERHEAD TRACK FIATINGS AND WIRING INSTALLATION
General

411 fittings and wire on the "live" side of the overhead
equipment including the insulators and clevis pin for atbtach-
ing them to the steelwork shall be regarded as overhead
wiring.

In the case of a separate aluminium earth wire, prgvision

shall also be made under this section for theé,erection thereof.
For earth wires forming part of the transmiskiey line on
overhead track structures, refer fo subclausSedl4.10.1 and
clauses 16.0 and 16.Z2.

Desizn of fittings on the "live" side of“the overhead equip-
ment.

Fittings on the wiring, for eXefiple, steady arms, swivel
clips, dropper clips, contfactysplicers, strain clamps, feeding
clamps, anchoring clampg, Ror gonbact wire, ebe., shall be

made of materials which havwe’peen proved by tenderer’s pre-
vious experience to, be\suitable for the purpose taking into
account local condition®an the Republic of South Africa.

They shall also bendesigned for ease of installation and

shall be relapively Maintenance free as possible.

Contact sudpedsign droppers shall include insulation to pre-
vent transfegedCe of current via the dropper, and shall be
capable™ef\holding a mass of 100 kg . The design shall De
such#that ¥n the event of breakage the lower position of the
dreppeT shall remain in an upright position and shall not
foul aNVpantograph. The dropper may be of one-piece construc-
£36n, but shall incorporate a means to prevent a compression
load on the dropper due to uplift caused by a pantograph.
Stainless steel wire is preferred.

Insulators

The insulators shall be pofcelain and of the solid core type
complying with Class A SABS 177 specification or equivalent
where applicable.

The porcelain sheds shall be of the open profile type to
minimise deposits from polluted atmosphere. The sheds shall
also have sufficient mechanical strength, the ultimate
mechanical strength in tension shall be not less than 54 kN .
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The leakage path shall not be less than 520 mm .
Minimum dry flash-over value to be 128 kV .
Minimum wet flash-over value to be 9C kV (vertical).

Insulators made of other types of material, e.g. glass fibre
covered with Teflon may be offered but full details and proof
of its successful use elsewhere for similar purpose shall

be given at the time of tendering.

During construction all overhead wires shsll be temporarily
earthed to the traction rail, at both ends of the section
on which consbtruction work is being undertaken.

Sagging and tensioning of overhead wires

Unless otherwise specified, the sagging and teamgioning of
conductors to suit the tenderers design shall be BJbated in
the tender. The contact wire shall preferablly be sagged on
mein line and loops midspgn an amount ofJ75“mmgat the average
working temperature (+ %8°C). If the Conbyaefer offers a
different design he shall furnish fulfl reascns for so doing.

General requirements for erection [of oVerhead wires

The portion of copper wire opfwhichh current-carrying clamps,
nanely parallel, feeder, doublé-ended strain, contact wire
splicers, and T-clamps ap€ a%tached shall be thoroughly cleaned
with a wire brush.

A1l gluminium wire, shall be cleaned with a wire brush and the
compression and ¢lamp f¥tTtings and the corresponding portion
of the wire shall“he treated with Penetrox A or equal before
crimping or bel%ing down. After crimping or bolting dowr, tThe
entrance of¢the aluminium wire into fittings shall be effec-
tively sesled by’ greasing with "NO-OXID" grease or equal up
to z distante ¥ approximately 75 mm from the entrance.

Adjustment of contact wire/s

On/tandent track the contact wire shall be staggered 200 mm
A0 " mm on alternative sides from the centre line of the
overhead track at successive structures, On curves the stagger
shall be 300 + 10 mm from the centre line of the overhead
track towards the outside rail at all structures and shall be
on the centreline at midspan.

The contact wires shall not be graded more than 5 %o (per mil)
with respect to rall level on main lines and lecops where
speeds of 120 km/h apply. In yards this grading may be
increased to 8 %o .

A1l kirnks and twists in the contact wire shall be removed on

the initially tensiored contact wire, before the contact wire
is finally tensioned.
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Isolating and switching srrangements

Section insulators shall only be cut into the overhead wires
provided the minimum clear distance between contact and cate-
nary wires is not less than 750 mm after installation of the
section insulator. Whenever section insulators are required
to be positioned in midspan, the span length shall be reduced
accordingly to give this clearance,

£11 switch contacts shall be designed for a minimum continuous
rating of 3 000 amps for section switches and 1 000 amps for
earthing type switches. Insulators on swilches %o have at
least the same electrical properties as that for overhead
wires. Section switches shall be able to be locked®in both

the open and closed position. Earthing type switches shall
only be lockable in the "off" position. Arcing Ho®ns shall

be fitted to all switches. All contacts shald be of a con-
ducting material resistant to forming an ox3dised layer which
can result in poor contact being made aftEme.a pericd of time.

The Contractor shall grrange for the Qpergting handle of the
earthing type isolating switches tg beNimterlocked by the key
exchange box shown on drawing CEE-TLB-3. The cylinder lock

and glass~fibre box with slideswill\be supplied by the Scuth
African Railways. Alternativélyy the Contractor may design
his own key exchange box if%his is more suitable for the type
of switch offered, but in{thig Yatter case the South African
Railways will supply ti® cylitider lock. The interlock mecha-
nism shall -be very robBustgand be subject to approval by the
Chief Electrical Engingent

Switches may besmouhled on any overhead track-eguipment struc-
ture provided it s bonded with a double bond to the rail.

No 'live' pamtfon a switch structure may be closer than 4,5 m
to the grdund\Switch operating handles shall be mounted at a
suitable height to facilitate their operatiomn. At switch struc-
turegfus®d for feeding the overhead wires at substations and
tie“gtdtions a Thyrite type lightning arrester in accordance
with gpgtification number T-514-11 and a capacitor type
hightning arrester in accordance with specification T-S514-10
shell be mounted. The Thyrite arrester shall be connected
between the 3 XV overhead wires and a deep spike ezrthing
system, whereas the capacitor type shall be connected between
the % kV equipment and the negative return circuit. The earth
connection between the Thyrite arrester and the earth spike
shall not pass inside any closed securing steel loop such as

a U~-bolt and back strap and shall follow as straight a path as
possible. Where changes of direction are essential, large
radii curves shall be used. The earth resistance of the spike
earth system shall be not more than S5 ohm. A spark gap shall
be bolted to the mast and the down conductor from the Thyrite
arrester shall be connected to the other terminel of the spark
gap. Drawing No. CEE-TU-42 of the spark gap is attached. The
Contractor may use a suitable device of his own design provided
it is approved by the Chief Electrical Engineer,
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To isolate the overhead equipment serving oil sites, =a
special switching arrangement similar to that shown on
drawing No. CEE-TMG-70 is required.

To enable steam engines to take in water at water columns
on electrified lines an isolating switch interlocked with
the water-column trunk shall be provided at certain locali-
ties. The arrangement shall be similar to that shown on
drawing CEE-TLC-4 (8ee also paragraph 8.2.) The Contractor
may offer an alternative design incorporating a standard
earthing type switch.

Splicing overhead wires

Contact-wire splicers shall be of Cu-Ni-S5i, mandfactured in
two halves with serrated cheeks and bolted tegethe? for
clamping purposes. The installation proceduleNfgz obtaining
the correct torque on the bolts shall comfiPbyp wIth the
requirements of the manufacturer.

The copper catenary wire shall be gpliegd with a suitable
preformed wire type splice.

Aluminium feeder wire shall We gpliced with a suitable pre-
splicer in accordance wit™tn€ manufacturer's recommendation,
The ends of aluminium feefler Wites shall be thoroughly cleaned
with a wire brush and,/mcluding the splice, be treated with
Penetrox A before crimping. The Contractor shall ensure that
the ends of the wimes aggsinserted 'fully home' before
crimping.

The aluminium’ea®™h wire shall be spliced with a suitable
preformed wimeltype splice.

Erection of ®arth wire

A 29Q pt® Bluminium earth wire shall be run on overhead track
spructupts over the route, In the case of overhead btrack-
eguipment structures sgupporting an 11 kV transmission line
tilis earth wire shall be required in addition to the eaxrth
wire which forms part of the 11 kV line. For individual struc-
tures see clause 17.3.2 for bonding requirements,

Track cccupations
In order that timeous arrangements may be made for the running
of wiring trains and track occupations, the Contractor shall

make application to the Engineer at least 3 weeks in advance
of such trains or coccupations being required.
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WARFTING AND INSTRUCTIOH BCARDS
General

Warning and/or instruction boards shall comply with the
requirenents scheduled on the respective drawings.

Drawings showing the size, finish and installation details
are scheduled in Annexure HNo. 1.

Provision of warning boards.
Warning boards shall be provided in the following instances :
Goods sidings and loading banks.

At all sidings and loading banks warning notices (drawing
CEE 54/112418) shall be erected defining the Wimits within
which loading and offloading may be undertakeiy

At sectioning points the board shall We pgsitioned not less
than % metres in the horizontal directfion/from the nearest
"live" equipment cn the siding endi The"Board shall be erected
facing the siding either at eye Teyel 2,6 m clear of the
track, or on the overhead wirgs, depending on physical fea-
tures, In the case where a_ge@ffon insulator is installed in
the wires above a cross-—oyer §rack between a siding and an
adjacent btrack oppositemthe 1gading and offloading area, a
winimum horizontal distancd™€f 3 metres between the nearest
live portion of the se@tign insulator and the centre line of
the siding track dis\perdissible, provided a danger warning
notice (drawing CEBS4/112400) is installed on the siding end
of the sectiom MmsulzZtor. A second danger warning notice
shall be inafalled®on the overhead track-eguipment where the
two contagwirsed are approximately 2 m apart. Refer %o
drawing CEL-EF¥67.

On e wesPective switch masts an isolating and earthing
syt ol ppecautions board (drawing CEE 54/112414) shall be
€reltc® as well as the "Power-on' - "Power-off" board {(draw-
iNg CEE 54/112434) for switceh handle positions.

4 no-entry sign to drawing CEE 54/112422 shall be suitably
erected not less than % m from the relevant siding. Physical
features will determine the mounting arrangements.

Water columns

On the wabter column side of the section insulators, warning
notices (drawing CEE 54/412412) shall be erected at a hori-
zontal distance of not less than 3 m from the nearest "live"
portion of the section insulator. These boards with limits
of watering, trimming, etc., shall either be erected in the
overhead wires or 2,6 m c¢lear of the track at eye-level.
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An operating instruction board (drawing CEE 54/1124%8) shall
be affixed to the water column switch mast as well as the
"Power-on" - "Power-off" boards (drawing CEE 54/11243%4) for
indicating switch handle positions.

The minimum permissible distance along the overhead wires
from a point opposite the water column switch to the respec-
tive section insulator/s is 40 m .

0il siding

A "non-electrified" sign {drawing CEE 54/112428) shall be
erected opposite the point where the overhead wireg are no
longer on gauge for the siding. A non-entry warniflg board for
electrified sidings shall be erected not less than 3 m from
the respective section insulator. Physical featU¥es will
determine the position which shall be estabMNished ©n site.

An o0il site switch operating instructionPeand (drawing

CEE 54/1124%2) and an o0il site dangenyPOendd (drawing CEE 54/
112416) shall be suitably affixed to (the [respective mast in
accordance with drawing CEE-TMG.3%5. ANROwer-on" - "Power-
off" board shall be provided foz dndicating the switch handle
positions. )

Hlon-electrified roads

Varning boards (drawipf CBES4/112428) indicating non-
elecirified roads shall bk positioned either on separate
structures 2,6 m clearsad the track or on the overhead wires
or on nmasts depefiding on physical features. The "non-
electrified" beard “shall be situated at the limit to which
locomotives glay Ppioceed along the electrified road, where
applicable.

Separafiel® switched feeders

Al ScoMductors which run on overhead track structures and are
independently switched shall have skull and cross-bones warning
botrds (drawing CEE 54/11240C) attached at each point of sus-
pénsion sznd shall face the likely access way to the conductor.
From the point of view of clearances to other wires and fitting:
a switched feeder shall be treated in the same way as trans-
mission lines in the regulations.

Track switches and 11 kV isolating switches

"Open" - "Closed" boards (drawing CEE 54/11243%6G) shall be
sultably affixed to indicate the switch handle positions.

11 KILOVOLT TRANSMISSION LINE Ol OVERHEAD TRACK STRUCTURES
General
The Contractor shall be required to survey the 11 kV trans-

mission line route and supply znd install all the 11 kV trans-
mission line comnponents required on overhead track structures
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or on separate structures where this is applicable. This
clause shall gpply when a 11 XV transmission line is specified
in the Annexure attached hereto.

ALl work on the transmission line ghall comply with the
requirements of the latest issue of the S.A.I.E.E. Code of
Practice for Overhead Power Lines for conditions prevailing
in South Africa.

survey

The Contractor shall during the course of his survey of the
line for the 3 kV overhead track equipment reguirements also
locate and position the 11 kV H-masts independent @i the
overhead track structures, while maintaining noi less than
the minimum horizontal clearances specified to theltrack
centre line and "line" 3 kV DC equipment, in “glose proximity
to all supply points taken from the 11 kV_trangmiSsion line,
such as. signal relay rooms, etc., and also a7 kV sub-
stations which may be required for stafidn and yard supplies.
H-masts shall not be positioned on station platforms.

The proposed route of the 11 kV &pansmission line on overhead
track structures through statiefyaréas as well as terminal
and H-mast positions shall beSghown on electrification lay-
out plans.

In stetions where footWridges’are provided the 11 kV line
shall, if practicel, bg romted round the bridge or otherwise
malnualn 2 minimum 4s 4 %'m clearsnce above the walkway under
all atmospheric condltlons.

At % kV subsphtiomNswiteh structures the 11 kV ftransmission
line shall deNgenarately supported either by means of an
H-mast or en\ihdependent cantilever mast suitably positioned.
The mindmum clearances shall be observed. Also all masts
carrydng “wkV switches shall not support the 41 kV line and
2 sepefate structure shall be installed To support the 11 kV
lénes b these locetions, if necessary.

71 %V line terminations at bridges, supply and end points
and tunnels or other obstructions, if required, shall either
be undertaken on the overhead track structure or on an inde-
pendent structure, depending on their suitability end the
switching requirements., If an 11 kV line is terminated on an
overhead track structure, no live 11 kV equipment shall be
erected below cantilever or double boom level,

In the case of tunnels where it is practicable for the tTrans-
miesion line %o be run on separate structures on the surface
within the Railway servitude over the tunnel 1t shall be

g0 indicated on plans.

28/ uee



Tl 7

S~
/!l._/,.:',.\_i

1007508

SPECIFICATION NC. T-T6E-4
JANUARY 199

The 11 kV transmission line shall be sultably terminated in
close proximity to existing ©,6 kV lines on electrification
structures at stations or junction points. The proposed
route on existing structures to the terminal point in sta-
tions shall be shown on the plans.

On completion of the preliminary survey, and the submission

of the plans, "walk-outs" shall be organised through the
Engineer of the Administration's various Departments concerned,
so that agreement to the proposals may be expedited.

mrection details

The transmission line comprises % phase conductors with one
earth wire supported above. Particulars of the conductors

.are gs follows

. Phase Wires and Farthwllire
Make up 5C/9 mm* (6/1/%2,35) A.C.5.R. o
of wire 50 ma~ (7/%,%0) Aluminium Alloy

Material To BABS 182 and BS 342 respeebively

Tenderers may design the transmissionf\lime configuration and
steelwork as desired but the earth wire shall be so placed
above the phase wires as to affoTd sdequate lightning protec-
tion Lo these conductors. Ifglesired the arrangement shown

on drawing CEE-P¥C-24 may be Wfilized for sections of elec-
trification with and withbut\the transmission line. Horizontal
placing of the three pheses need net necessarily be adhered
to. The phase wires shall,U€ transposed at equal intervals
approxinately 3 times“ger' 10 km .

Pin insulators, sRakl comply with the requirements of speci-
fication SABSP TR \latest issue. Suspension ilnsulators used
in strain sHald also comply with the requirements of specifi-

cabion SALE W/ latest issue and shall be 255 mm diz. and
two in se¥iss Yare %o be used at strain points.

Whede gonductors are supported on pin insulators armour rods
ofnaeCeptable type are to be used for protection. Binding
1ol Whe conductors shall be undertaken in accordance with
Mawing Lo, CEE-PA-10, "Preformed" type tie-in binders may be
enployed if desired. The top tie shall be used where the
anisle of deviation is zero and the side tie where a deviation
exists. A deviation angle of 20 on pin insulators shall not
be exceeded.

Stays for transmission line structures other than these carry-
ing traction conductors shall be constructed in accordance
with the SAIFE Code of Practice for Cverhead Lines for Con-
ditions Prevailing in the Republic of South Africa.
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L itable compression type splicers shall be used for splicing
~» phase and earth wires where necessary. The ends of the
res shall be thoroughly cleaned with a wire brush and then,
including the splice, treated with Penetrox 4 before crimp-
iug. The finished splice 1s to be treated with 'HO-CIID'
nrease. Alternatively preformed wire splicers of strength at
least equal to the breaking strain of the conductors may be
used. 411 splice Jjoints shall be made in accessible positions.
Preformed type fittings may be employed for make off of
wires and sbtays.

T el Gontractors are required to design, supply and ercct id-mast
structures, for mounting transformers, isolating switches,
operating rods and handlies, fuse cut oubts and surge diver-—
ters. The design may be based on drawlng CEE-PFB-9¢ Since
the traction earth wire is common with the transmission line
earth wire and transformer neutral it is necesggry that the
ti—frame structure be insulated from its concrete Wase in a

nmanner similar to that used for the trachtienNmasts.

1oL The 41 kV Yransmission line spans crosgging @dll proclalmed
roads sitall be erected with duplicatefcoRdWuctors as foliows

The duplicate conductors shall be [supp®rted by double insu-~
lators and tied togelher at inbtemyals not exceeding 1,5 mebrec.

Binding wires or clips of theygame composition as the con-
ductors shall be used forfthe %ies.

e fied-in conductorfshalbe€xtend for abt least 1,5 n beyond
the support at each side 8f the crossing.

he sop shall beNapnropriately increased to allew for an
even Lension,

EEPI The Adminiet®ftien will supply and arrange for the installa-
tion of allNib¢ins of high voltage and low voltage equipment
and wifang o all i-frames.

P BULLING L1 RATLS AND MASTS 10 RALLS
AN SgTieTnl
17 W information regarding the length and size of the rail betweecn

sbations and in station aresas shall be obtained from a survey
of these areas. The number of rail joinlts in a particulax
sl'ea shall be established by the Contractor, durlng the peried
of the congract.
1718 whenever one rail of the btrack is required for signal circuitr
it shall first be established by the Contractor which rail
is affected, as in this instance no cross bonding beiween
rails is permitted. DBoth rails shall be continuously bLonded
whether or not one rail is used for signal Utrack circultry.
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Mechanized track tamping machines are used for maintenance
of tracks and the positioning of all bonds shall take thig
into account, %o prevent bonds being broken off the rail
during tamping operations by these machines.

Type of bonds and bonding

Rail ceontinuiby bonds across fish plated joints shall be

of acceptable length and flexibility for the purpose reqguired
and shall be of annealed copper wire of sufficient cross-
sectional area (minimum 100 mm®) %o carry the maximum currents
flowing in the rails and also such that resistance of return
circuit is not increased excessively.

last to rall bonds shall be provided nct more thah 325 m

epart or roughly.at every 5th structure. Mast to 2eil bonds
shall be a 90 mm® FVC sheathed stranded flex%ble galvanized
steel wire installed as shown on drawing CEOWTE#%5, The sheath
must have adequate thickness for the purpefe=and shall be

not less than 2 am nominal thickness,

All rail continuity bonds and mastfto Pad?l vonds shall be to
rails or masts by means of the esmgfhermic welding precegs.
The preparation of mast, rail MR¢ 18d surfaces shall comply
with the requirements of the WMasufacturer for the type of
exothermic weld product ugé€dy

LlTernative methods offO0nGmattachment such as electric rin
brazing or exothermally bdhded threaded studs or other approved
methods may be used{buith#le tenderer shall give full details

of the type/s he Pxoposes Lo use. Their use shall be subject

to the zpprovaleagf tHe Chief Electrical Engineer.

Donds used g&feen switch overating rods and switch frames
shall be LN 2d by means of exothermic welding. The bonds
shall be 589 mh~ copper nominal.

Wher® dhe signal and traction rails ars transposed, then at
thege "goMlble block jointa two x 150 mn” copper stranded
cigfomal bonds shall be used to inter-connect the two Lraction
Paldls,

khere bonds are run on track concrete sleepers they shall be
affixed thereto by means of a suitable clamp, as shown on
drawing ¥o. CEE-TU-50. No holes shall be made in these
sleepers.

Description of installation procedure

Rail to ra2il bonds

On sections between stations the tracticn rail/s only shall
be bonded with 2 x 84/0,85 mm flexible traction bonds.

For siding and statlon loops only one rail shall be bonded
for the return current path. The choice of —~ail Lo be bonded

51/-311



17.2.1.%

17.%.2

17e3.8.71

SPECIFICATION HO. T-THh-4
JANUAKRY 192734

is left to the discretion of the Contractor. However, for
eagse of installation iV is sugpgested thaet the rail rearest
the regpective structure is selected where poesible, but
the Contractor shall ensure that the continuity of %the
negative circullt return current path is completed.

All turn-outs, from main lines, yard roads or sidings, shall
have bonds installed in accordence with drawing CEE-TU-45
sh. 1 - & %o ensure a return current path for the negabive
circuit,

Cross vonds shall be provided st both ends and in the centre
of yards or loops.

Cross bonds shagll mutually ceonnect all the current rgburn
rails together. Cross bonds are to be 95 mm PVC caveled
galvanized flexible stranded wirz. Bare ends of Lonls, are t¢
te kept clear of the ground to minimize leakagefof reBurn
current through the earth,

Mast to rail bonds

To reduce leeskage currents from the pegativeg return cirecuit
te a minimum, all bonds of this type|shall™be kent out of
contact with the grcund and care mll be exercised where
the PVC covering is removed at #nds o the bond that these
ends are also kept clear of the\gfound.

All masts not supporting ati leaBt one earth wire shsil te
provided with two mast 0 "radlsbonds. These bonds shall be
separated by one sleeper sphBeing to minimise the possibility
of simultanecus breakagah

Anchor masts ongwhich\the earth wire is terminmated shali he
provided with & sWggle bond between the mast and current
return rail.

411 masts Gafpy¥ng switches shall be double bonded to rail
irrespe®§ivie of whether the earth wire is attasched o then

or npgt. DBo®ds shall bLe separated as in 17.7.2.°0.

Oft glifein lines when both rails are used for reburn current
petlisy crocs-bonds shall be installed between adjaceut rails
0IN\a track and between tracks whenever mgst to rail bonds

are provided. These bonds shall be 296 mm“ *VC covered
palvanised flexible stranded wire. They shall be run on

track sleepers and suitably fixed thereto. They shall te

kept clear of mechanical track tamping machines.

On manganese type rail turn outs and hard steel rails for
example UICA, UICB and UICC the bonds are to he connected
fto the web of the rail only. In the case of other types of

rail tc the flange of the rail.
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17N 3 ¥V substation negative return connections
17 4.1 The curreny return rail/s shall be exothermally bonded with
& x 160 mm” copper conductors, either of suitably stranded

copper wires or solid 161 mm® contact wirs, equally appor-~
tioned between the traction rails and terminated ans shown

on drawing number CpE-TU-41, The connection bLetween thesge
negative return current conductors and the tracticn rail/s
shall be madeg by means of twe 12 x 7/0,8% mnm flexible corgper
bonds (50 mm© nominal) exothermally welded to each conduc—
tor and rail,.

The position of the negative return cable terminatiad box

in relation tec the track centre line and the substation shell
be established on site and the instaglletion procemsidre is as
directed on drawing Yo. CEE-TU-&41., The 1202 mml crimBing lugs
required in the case of the conductors stateg Wbove arw
depicted og drawing CEE-PA-14 gheet one apd 1w WF case of
the 500 mn® negative cables drawing CLL-TNQT™ED Mhe negalive
return conductors to the traction railfs Ard, tc he painted
red. The lugs are to be crimped to the(conductors using the
crimping tool and dies shown on drdwingNedl-Fr-715,

Y
~J
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Block joints
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ALl mon-electrified tracksseendected to 3 kV DU electr
tracks shall have block Joints Bnstalled in both rails
suitable rail Jjoints, BheWposition shall be determined on
gite, The block Jeintf supplied shall be as used for sig-
nalling purposes apd 8hall £it the parsiculer size of rail
and fish plated Jolnt. U0 track sections where block Jjoinits
are required they¥SNshall be installed by the aAdministration's
Civil Inginegridge D&partment and arreangements are to be wmnde
through thefipgineer.

ified
at

1746 Bonding QiN\oWefnzad track switches

17.6.1 Traghk sWwitches shall have their operating rods bonded to
th@ sWitch frame, by neans of exothermal welding.

17.8 Steel%ork requiring vonding

17 .87 £11 steel bridpes over electrified trocks and stecl railway
line tridges over roads, rivers, etc. shall be double bonded
to rail through separate spark gaps. The two outerrmost steel
members of the bridpe shsell be connected teo rail through
spark paps similar to that on drawing CLE-TU-49, The frac-
ticon earth wire shall be lightly insul=zted from the struc—
ture which in turn shall be connecied Lo » Tuitable egrth
mat of not more than % chms resistance.

17.8.2 Corrugated iron roofs and structural steel assemblies in
close proximity to any live portion of the overhead wiring
shall be double bonded to rail through sprak gaps. &% mm x
% am copper straps shall connect the extremes of the roof
or assembly te respective spark gaps mounted below the plat-
form coping. In the cagse of vertical sided goods shed plat-
forms, the spark gap shall either be recessed flush into
the wall, or mounted below rail level, %O maintalin the min:-
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num fixed structure gauge. A 96 nm€ PYC covered atranded
flexilLle galvanized steel wire shall connect the spork gap
to the rzil. Goods shed Toofs shall be treated in the same
manner as clause 17.2.17 when electrificastion wires gre
supported from the rocof members,

ATTERNATIVE DESIGNS

Tenderers may submit designs as alternatives to their main
design for consideration, provided such alternatives have
proved themselves in practice and are fully substantiated

in the tender. Tenderers gre zdévised however to submit their
main offer in terms of this specification and any allerna-
tive offer shall be in the form of tenders for the complete
WOTHS.

COMPLIANCE

The tenderer shall indicate clsuse by clause Whgth#r his
tender complies in all resgpects, and whereC@bhigriative oflfers
gre submitted these shall be indicated.gThe guccessful ten-
derer shall submit drawings of the designs for retention

by the Administration.

PLANT HIRZ

A wiring trein which is madg UpgOf reel trucks and several
flat-top vehicles may, if @avaliaple, be hired from the
ftdministration. Motive power with operating persornel will
be provided to haul the wirlmg train., A1l costs invoived
shall be borne by the Conthactor. (Lee notes to Contractor
regarding rate of charges?)

SPAREL FOR MAINLERARGE PURPCIES

The Contraches shall be required to supply overhead track
equipment) Spaxeé€ for uwalntenance purposes. All overhead
wiring, fitciues, steelwork snd equipment designed by the
Contafachel or others shall be listed and priced separavely,
andl be? sutmitted with the tender documents. These sSpares
wil N not? form part of the main contract but will be paid
for s¥parstely by the Administration.

“he quantity and type of spares required will be advised
to the successful tenderer. Spares shall be delivered to
the Administration before the proposed comnissioning date.

4 separate price list for spares to be guoted on is miven
in Annexurs 4,

CGUARANTEE AND DEIFLCTS

Notwithstanding anything contained in the specifications
and documents included in this tender, the Cleontractor shall
puarantee the satisfactory operaticn of the complete elec-
trical work supplied and installed by him and nccept
1iability for maker's defects which may appzar in Gosign,
materials and workmanship for a period of 12 calendar uonths
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afSer acceptance by the Administration of the completed

and commissioned asset. If any urgent repairs have to be
carried out during the guarantee period by the Administra-
tion on any such work the Contractor shall inspect such
repairs to ensure that the guarantee period is not affected

One percent of retention money deductible in terms of
clause 45(b) of the "Conditions of Centract" and clause
“2.1 of the "Specilal Conditions of Contract" - Part 1 sghall
be retained by the Administration for the 12 months guaran-
tee period.

The equipment shall be designed to be as far as practicable
maintenance free -during the 12 monii gunrantee)heriod.

LG BUTLT DRAWIEGE

A1l Vas built" electrification lay-outNdRawisgs chall be
supplied in microfilm form to SAR cweeifc¥lion CER-M5A-

-{latest issue.) A suitable index JegONing all drawines shall

be supplied in A4 booklet form., ampleSindex forms are
available in the Chief Electricaly Engineer's Drawing 0ffice

GENERAL

The tenderer shall accepigfesponsibility for the clearing
of any lmported mabteflals|through the docks and the subse-
quent forwarding of(these materizls to site. The tendered
price shall allo@W Tog tlese costs.

The dates frem whdicl escalabtion will %he czleulated for
naterial amd Labour shall be stated by the tendecrer.

The tepBerPgn shall allow for all transport costs in the ten-
dered€ppdce.” No exemptions, reduced tariffs or free railage
wilIND® gpénted by the Administration other then provided
for\ in, BHe E5(E) acreement or the Special Conditions of
Sgntiract - Part Cne.

The successful tenderer shall make all the necessary arrang:
pents with the suppliers/manufacturers of the material
supplied for all the necessery sampling and tesbing required
to be carried out by recognised testing authorities or con-
sulting engineers, le shall ensure that all the materisl
supplied meets with the requirements of the specifications
referred to in this specification o, T-T6HE-4,

The cost of such sampling and testing is to be included in
the tendered price.

ELECTRICAL EZNGINEER'S CFYICE

JOHALRESBURG
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