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6 CABLING   

6.1 Scope  

6.1.1 This specification covers the selection, installation, testing, marking and termination of 
electrical cables used for low voltage power and control installations as well as fibre-
optic and copper cables for data transmission, used in process monitoring and control 
applications at Johannesburg Water wastewater sites. 

 

6.2 Abbreviations  

6.2.1 In this specification the following abbreviations will apply :-  

SANS : South African National Standards  

IEC : International Electrotechnical Commission  

EN : Standards from the European Committee for Standardization  

PLC : Programmable Logic Controller  

UV : Ultra Violet  

PVC : Poly Vinyl Chloride  

OTDR : Optical Time Domain Reflectometer 

OLTS  : Optical Loss Test Set 

SFP : Small Form Pluggable 

MRM Ref. No. : The nominal mass in kg/m2 multiplied by 100, used for steel wire mesh 

reinforcing.  

 

6.3 Standards  

6.3.1 All design standards for cabling shall be subject to the latest amendments and editions 

of the following standard specifications:- 

 

SANS 10142-1 : National Standards for the wiring of premises  

SANS 1507 : Electric Cables (300/500V to 900/3300V)   

SANS 1574 : Electric Cables Flexible cords and flexible cables  

SANS 1411-1 to 7 : Material of insulated electric cables and flexible cords  

SANS 1507-1 to 3 : Electric cables with extruded solid dielectric insulation 

for fixed installations (300/500V to 1900/3300V) 

 

SANS 1803-1 : Lugs and ferrules for insulated cables  

SANS 60793 : Optical fibres 

SANS 1024:2006 : Steel wire mesh 

 

IEC 60793 : Optical fibres  

SANS 60794 : Optical fibre cables  

IEC 60794 : Optical fibre cables  
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ISO/IEC 14763-3   : Fibre optic testing 

TIA/EIA 568-B.2-10 : Copper data cable testing 

EN 50288 : Multi-element metallic cables used in analogue and 

digital communications and control 

 

ISO/IEC SANS 11801:2002 : Information Technology – Generic cabling for 

customer premises 

 

IEC 60332-1 : Flammability of a single vertical cable  

6.4 General  

  
6.4.1 All cables and wiring supplied must be supplied complete with fittings, accessories, etc.  
  
6.4.2 The installation of all wires and cables must comply with SANS 10142-1:2003 and 

SANS 1507-1 to 3, all as amended. 
 

  
6.4.3 The installation of flexible cords must comply with SANS 1574:2004 as amended.  
  
6.4.4 All power, control and instrumentation cables (i.e. excluding fibre-optic cabling for data 

transmission) and wires must have untinned, annealed, multi-strand copper conductors 
and must comply with, SANS 1507-2 and SANS 1507-3: 2002 as amended. 

 

  
6.4.5 All power, control and instrumentation cables (i.e. excluding fibre-optic cabling for data 

transmission) and wires must comply with the latest edition of SANS 1411-1 to 7 in 
terms of material of construction. The sheath of these cables must be an impermeable, 
halogen-free, reduced smoke emission, flame retardant, UV stabilised compound in 
accordance with the latest edition of SANS 1411. 

 

  
6.4.6 All fibre-optic cables must comply with SANS 60793-1 for measurement and test 

methods, SANS 60793-2 for product specifications and SANS 60794 for generic, 
sectional and family specifications. 

 

  
6.4.7 All blown fibre-optic installations must comply with the requirements of SANS 60794-5 

which specifies the requirements of microduct optical fibre cables, microduct fibre units, 
microducts and protected microducts for installation by blowing for outdoor and/or 
indoor use. 

 

  
6.4.8 All fibre-optic micro cables must comply with the requirements of SANS 60794-5-10 

and all blown fibre-optic bundles must comply with the requirements of SANS 60794-5-
20. 

 

  
6.4.9 All blown fibre installations must be done by people who can provide proof of certified 

training by a recognized supplier/installer such as Lonspeare SA (Pty) Ltd. or 
equivalent. 

 

  
6.4.10 Where fibre-optic data communication is employed, blown fibre installations will be the 

preferred method. Only where the use of fibre-optic cabling is unavoidable, will such 
cabling, instead of blown fibre assemblies be accepted. 

 

  
6.4.11 All wires and cables must be from fresh stock, with the manufacturer’s original 

wrappings, labels and seals intact when delivered to site. 
 

  
6.4.12 All cables must be inspected for visible defects or signs of damage before installation. A  
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checklist of cables checked for visible defects/damage must be available on request. 
  
6.4.13 All cable ends must be sealed or capped immediately after cutting to prevent ingress of 

moisture, dirt, impurities, etc. This applies to cables to be installed as well as cable 
remaining on the drum. 

 

  
6.4.14 Where cables or wires of different voltages run in the same trunking, cable trays, cable 

racks or cable supports, all insulation must be rated for the highest voltage being 
conducted. 

 

  
6.4.15 For PLC panel wiring, this specification must be read in conjunction with the PLC 

Panels Specification (Volume 3 of the Automation And Control Standards). 
 

  
6.4.16 All electrical and instrumentation cables must be tested, and the results recorded, for 

insulation resistance and conductivity in accordance with SANS 1507-3:2002 as 
amended, before installation and again before final termination. Rectification of faults in 
cables before final termination will be for the contractor’s account. 

 

  
6.4.17 For PLC I/O wiring, the minimum conductor size shall be 0.5mm2 but contractors must 

ensure that all cables and wiring are capable of carrying the full system currents, 
inclusive of de-rating factors as specified in SANS 10142-1:2003 as amended. 

 

  
6.4.18 All wiring for PLC panels, junction boxes, control panels, etc. shall be flexible, untinned, 

annealed, multi-strand copper wire of not less than:- 
 

  
6.4.18.1 6mm² for 230V AC power between the main incoming circuit breaker of the 

PLC panel and the distribution AC circuit breakers. 
 

6.4.18.2 4mm² for 24V DC power between the main DC circuit breaker of the PLC panel 
and the distribution DC circuit breakers. 
 

6.4.18.3 1,5mm² for 230V AC or 110V AC power from below the distribution circuit 
breakers. 

 

  
6.4.18.4 1,0mm² for 24V DC or AC power from below the distribution circuit breakers.  

  
6.4.18.5 0,5mm² for all PLC I/O wiring between modules and marshalling terminals.  

  
6.4.18.6 4,0mm² for earth drain.  

  
6.4.19 Irrespective of the minimum wire sizes allowed in this specification, contractors must 

ensure that all cables and wiring are capable of carrying the full system currents, 
inclusive of de-rating factors as specified in SANS 10142-1:2003 as amended. If wiring 
of greater cross-sectional area than the sizes indicated in item 6.4.17 and 6.4.18 above 
are indicated on project design drawings, the larger wiring sizes will take precedence. 

 

  
6.4.20 All wires and cable cores must be fitted with suitable lugs at the end of each wire or 

core. The fitting of lugs and ferrules must comply with SANS 1803-1:2002 as amended. 
No more than one wire may be crimped into a single lug. Where pin lugs are crimped 
onto the ends of wires, correctly sized pin lugs must be used, which fit into the terminals 
properly and such that the tightening of the terminal does not result in the loosening of 
the pin lug. 

 

  
6.4.21 The use of lugs and ferrules must comply with SANS 1803-1:2002 as amended.  

  
6.4.22 The outer sheath of all power cabling must be black and the outer sheath of all 

instrumentation and control cabling must be orange. The power supply to instruments 
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and transmitters are regarded as part of the instrumentation cabling and must therefore 
have an orange outer sheath. The outer sheaths of all blown fibre microduct assemblies 
must also be orange. Where blown fibre microduct assemblies have an outer sheath of 
a specific material (such as UV protection) which is not available in orange, the 
contractor can apply to the Engineer for a concession to use the assembly as is and 
only attach an orange heat-shrink (for identification purposes) at the ends where 
terminations are made. 

  
6.4.23 The jacket or buffer tubes of fibre cores in fibre-optic cables must be colour coded and 

terminated in the following sequence: 
 
 
 
 
 

Fibre/Tube Colour 

1 Blue 

2 Orange 

3 Green 

4 Brown 

5 Grey (Slate) 

6 White 

7 Red 

8 Black 

9 Yellow 

10 Violet 

11 Pink (Rose) 

12 Aqua (Turquoise) 
 

 

  
6.4.24 All fibre-optic cable will be CST (corrugated steel tape) or steel wire armoured, rodent-

proof, UV protected, loose-tube, water blocking, suitable for use in direct burial and 
manufactured with an orange PVC sheath. The conductive steel armour of installed 
fibre cables shall be properly grounded to the protective earth at all termination points. 

 

  
6.4.25 All blown fibre microduct assemblies installed in trenches must be suitable for direct 

burial in terms of strength and mechanical protection. 
 

  
6.4.26 All blown fibre microduct assemblies installed on cable racks or supports above ground 

must have suitable mechanical protection. Suitable mechanical protection includes, 
blown fibre microduct assemblies on racks that are covered with metal covers, blown 
fibre microduct assemblies installed in metal tubing and blown fibre microduct 
assemblies with steel wire armouring or steel tape armouring. 

 

  
6.4.27 Where blown fibre microduct assemblies are installed in buildings or in cable tunnels, 

such microduct assemblies must have an inner and outer sheath of fire retardant 
material. The outer sheath must also be low-smoke and halogen-free. 

 

  
6.4.28 Where blown fibre microduct assemblies are exposed to direct sunlight, such microduct 

assemblies must have an outer sheath that is UV protected. 
 

  
6.4.29 The contractor must take very careful note of the requirements for blown fibre microduct 

assemblies as outlined in items 6.4.25 to 6.4.28 above. These requirements imply that 
where the installation conditions change, suitable blown fibre microduct assemblies 
must be installed to suit the requirements of each section of the installation. The table 
below gives an example of the blown fibre microduct assembly requirements for various 
sections of an installation: 
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Installation Condition Blown Fibre Microduct Assembly Requirements 

In ceiling of a building Rodent-proof, low-smoke, fire retardant, halogen-free. 

On a cable support against the side 
of the building 

Steel wire or steel tape armoured, UV protected. 

Buried in a trench Suitable for direct burial. 

On a rack in the open above ground Mechanical protection, UV protection (if mechanical 
protection is not steel covers or metal tubing). 

On a rack inside a building Mechanical protection, low-smoke, halogen-free, fire 
retardant. 

 

  
6.4.30 All cables on racks, in trenches, in tunnels, in wire ways, on cable supports, etc. must 

be vermin-proof. I.e. such cables must be equipped with suitable armouring to prevent 
rodents or other vermin from chewing through core conductors or their insulation. 

 

  
6.4.31 Bending of all cables and microduct assemblies for blown fibres must be limited to the 

safe criteria specified by the manufacturers. 
 

  
6.4.32 Holes for cables or blown fibre microduct assemblies passing through walls, floors, 

partitions, ceilings, etc. must be done neatly and must be sealed off with plaster or filler 
as appropriate. 

 

  
6.4.33 Splices in cables are prohibited, unless the route lengths exceed the maximum length 

of a drum or if the Engineer agrees to a splice. In such cases splices are to be made by 
using approved proprietary types of junction boxes, installed in an appropriate manner. 
For fibre-optic cables, dome splicing kits with a protection rating of at least IP68, 
installed in a manhole must be used. The dome splicing kit must be mounted vertically 
inside the manhole. The manhole must be big enough to create a 3m service loop in 
the each cable without exceeding the minimum bending radius of the cable and big 
enough to mount the enclosure appropriately in the manhole. Only fusion splices will be 
acceptable and ease of access to the splice must be ensured. Examples of such dome 
splicing kits are shown below. Alternatively the splice can be made in a junction box 
that complies with all the requirements of the specification “Field Junction Boxes And 
Panels” (Volume 19 of the Automation And Control Standards), mounted on a proper 
support, above ground level. Once a splice is completed, all the testing requirements of 
items 6.8.8 and 6.8 9 below must be complied with. 
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6.4.34 For blown fibre microduct assemblies, in-line splicing kits, installed in a manhole, can 
be used if a splice is approved by the Engineer. These kits must also have a protection 
rating of at least IP68. Only fusion splices will be acceptable and ease of access to the 
splice must be ensured. An example of such an in-line splicing kit is shown below. 
Alternatively the splice can be made in a junction box that complies with all the 
requirements of the specification “Field Junction Boxes And Panels” (Volume 19 of the 
Automation And Control Standards), mounted on a proper support, above ground level. 
Once a splice is completed, all the testing requirements of items 6.8.8 and 6.8 9 below 
must be complied with. 

 

  

 

 

6.4.35 Splices in copper cables can be done with the aid of proprietary, resin-encapsulated 
splices that are completely water-proof (such as Scotch Cast or similar). Alternatively 
the splice can be made in a junction box that complies with all the requirements of the 
specification “Field Junction Boxes And Panels” (Volume 19 of the Automation And 
Control Standards), mounted on a proper support, above ground level. 

 

  
6.4.36 Manholes used for splicing can be constructed using bricks or concrete. The manhole 

must allow for adequate drainage of water. All sleeves entering the manhole must be 
sealed with an appropriate sealer that will prevent moisture, dirt, rodents, etc. from 
getting into the sleeves, but the sealant must be of such material that it can easily be 
removed if required in future. The area around the sleeve where it enters the manhole 
must also be sealed to prevent moisture, mud, rodents, etc. from getting into the 
manhole. The manhole must not have any sharp edges that can damage cables or 
microduct assemblies.  

 

  
6.4.37 Cables or conductors passing through holes must be fully protected against damage by  
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correctly fitted grommets, bushes, etc. 
  
6.4.38 All cable routes, including trenches, cable racks, tunnels, cable supports, etc. must be 

clearly marked on drawings and submitted for approval by the Engineer. The project will 
not be regarded as complete until such cable route drawings have been submitted and 
approved. 

 

  
6.4.39 The jacket or buffer tubes of fibre bundles used in blown fibre installations must be 

colour coded and terminated in the following sequence: 
 

Fibre/Tube Colour 

1 Blue 

2 Orange 

3 Green 

4 Brown 

5 Grey (Slate) 

6 White 

7 Red 

8 Black 

9 Yellow 

10 Violet 

11 Pink (Rose) 

12 Aqua (Turquoise) 
 

 

  
6.4.40 The microducts (or inner tubes) of microduct assemblies used for blown fibre 

installations must be constructed from low-friction Poly Ethylene (PE). These 
microducts must be 5/3.5 in size (i.e. 5mm OD and 3.5mm ID). Surrounding the group 
of microducts, must be a layer of waterswell tape. Where steel wire armour or steel tape 
armour is not used, the microduct assembly must be metal-free. 

 

  
6.4.41 Microducts in microduct assemblies must be available in 1, 2, 4, 7, 12, 19 and 24 

microduct assemblies and must be numbered and colour-coded as indicated in the 
sketch below. 
 

 

 

 

6.4.42 The routes (i.e. source and destination) of microducts installed at each splice and/or 
termination must be noted down in detail during installation. This record must indicate 
for each fibre bundle that is blown into a microduct: Source – microduct colour – 
microduct number and Destination – microduct colour – microduct number. This 
detailed record must be submitted to the Engineer for approval before the blowing in of 
fibre bundles commences. Once it is approved, installation must be done according to 
this record. If a change is made, such a change must be recorded and a final “as-built” 
record of the installation must be produced for record purposes. The project will not be 
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regarded as complete until such microduct route records have been submitted and 
approved. 
  

6.4.43 Wherever fibre-optic ends exist, such as at patch panels, splices, switches, 
transmitters, receivers, etc. and where it would be possible for a person to look into 
such fibre-optic ends, a danger warning as shown by the image below (or equivalent 
approved by the engineer), must be affixed to the panel, enclosure, etc. This label must 
comply with all the requirements stipulated in the JW Labelling Specification (Volume 
25 of the Automation And Control Standards). 

 

  

 

 

  

6.5 Cabling On Racks And Supports  

  
6.5.1 Cable ladders shall, unless otherwise specified, be heavy-duty cable ladder standard 

pattern.  
 

  
6.5.2 Cable ladders used inside Elutriation Terrace pump stations or in areas within 10m or 

less of Ferric Chloride, Sodium Hypochlorite or Chlorine shall be manufactured from 
corrosion resistant GRP (Glass Reinforced Polyester). All GRP cable ladders shall 
consist of a 75 mm high side rail. The minimum thickness of the material that the cable 
rack is to be manufactured from, shall at least be 4mm. Cross rungs shall be spaced at 
maximum intervals of 300 mm (centre-to-centre). All screws, bolts and nuts shall be 
hexagonal to ISO Metric commercial standards. All bolts, nuts, spring washers, etc. 
shall be 316 grade stainless steel for all these corrosive applications, and all exposed 
metal shall be painted with a 2-component auto-motive or industrial paint (2K poly 
urethane paint). Racks for instrumentation and control cabling shall contain 
pigmentation to produce an electric orange rack. A sample of the rack material must be 
approved by the engineer before manufacturing commences. Sections of rack, bends, 
t-pieces etc. shall be joined together with the correct dowels and resins as specified by 
the supplier. Wherever racking is drilled or cut, the exposed areas of GRP must be 
sealed with the same resin and painted with 2K paint to ensure that the material does 
not fray. Channels or other sections used for securing of cable ladders should also be 
made from GRP. All cable glands must be totally encapsulated glands (envirogland 
type) as shown in the example below. 

 
 

 
 
 

 

123.5 mm

Calibri, 30-point Lettering

Calibri, 12-point Lettering

Calibri, 12-point Lettering

51.5 mm
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6.5.3 The GRP profile (cable rack or equipment support) shall consist of pultruded (i.e. a 
continuous process of pulling material, such as glass fiber and resin, through a shaped 
die for manufacturing of composite materials with constant cross-section), e-glass 
roving and e-glass multi-axial fabric strength mat, sandwiched between polyester 
synthetic veil or tissue of minimum 35 gram/ m2, all of which is encased in an 
isophthalic vinyl-ester resin. The resin must contain UV stabiliser. It must also contain 
pigment to provide colour and additional environmental protection. The rack or support 
must be cleaned and de-greased before it is painted with a 2K automotive or industrial 
poly urethane paint. 

 

  
6.5.4 Cable ladders used inside de-watering buildings shall be metal cable ladders, 

manufactured from corrosion resistant, powder coated, 3CR12 grade stainless steel. All 
cable ladders shall consist of at least 75 mm high side rail. The minimum sheet 
thickness of the material that the cable rack is to be manufactured from shall at least be 
2mm. Cross rungs shall be spaced at maximum intervals of 300 mm (centre-to-centre). 
All screws, bolts and nuts shall be hexagonal to ISO Metric commercial standards. All 
bolts, nuts, spring washers, etc. shall be 316 grade stainless steel. Metal racks for 
instrumentation and control cabling shall be powder coated electric orange. 

 

  
6.5.5 Cable ladders used for all applications other than those mentioned in items 6.5.2 to 

6.5.4 above shall be heavy-duty metal cable ladders, manufactured from corrosion 
resistant hot-dipped galvanised, powder coated, mild steel. All metal cable ladders shall 
consist of at least 75 mm high side rail. The minimum sheet thickness of the material 
that the cable rack is to be manufactured from shall at least be 3mm. Cross rungs shall 
be spaced at maximum intervals of 300 mm (centre-to-centre). All screws, bolts and 
nuts shall be hexagonal to ISO Metric commercial standards. All bolts, nuts, spring 
washers, etc. shall be 316 grade stainless steel. Racks for instrumentation and control 
cabling shall be powder coated electric orange. 

 

  
6.5.6 Power and control cabling must always be separated by no less than 500mm. Where it 

is unavoidable to cross power and control cabling, such cross-overs must be done at 
right angles. 

 

  
6.5.7 Only single layers of cable will be allowed on a rack, to reduce de-rating and for ease of 

replacement and/or repairs. 
 

  
6.5.8 Bends in cable racks and supports shall have radii which will ensure that cables are not 

bent more than the safe criteria specified by the cable manufacturers. For this reason 
all racking, whether horizontal or vertical must include 90 degree bends where there are 
90 degree direction changes in cable runs. I.e. cabling cannot be run from one straight 
cable rack onto another straight cable rack at 90 degrees, without a 90 degree cable 
rack bend. 

 

  
6.5.9 Angle iron cable supports may be used. All such angle iron supports must be hot-

dipped galvanised, 3CR12 grade stainless steel, 304 grade stainless steel or 316 grade 
stainless steel and electric orange powder coated as for the cable racks. The material 
will depend on the application area as specified in items 6.5.2 to 6.5.5 above. 

 

  
6.5.10 No more than two cables may be run on a single angle iron support.  
  
6.5.11 The size of angle iron supports must be such that no part of a cable projects beyond 

the support. 
 

  
6.5.12 The minimum size of angle iron cable supports is 25mm x 25mm x 5mm.  
  
6.5.13 Wherever possible cable racks must be mounted in the vertical plane to avoid 

accumulation of dirt and debris. 
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6.5.14 UV stabilised PVC straps may be used for cables up to 4core x 25mm2. For cables of 

larger diameter than this (i.e. 30mm diameter and larger), stainless steel strapping must 
be used. 

 

  
6.5.15 Cables must be marked at both ends with stainless steel cable markers strapped to the 

cable with stainless steel or UV resistant straps in a position where this number is 
visible without the need to move cables or equipment to view the number. Cable 
numbering must comply with all the requirements of  the Labelling Specification 
(Volume 25 of the Automation And Control Standards). 
 

 

6.6 Electric Cable Terminations  

  
6.6.1 All cable terminations must be made in a professional manner and cables shall be 

made off by using appropriate cable glands and UV treated shrouds. Glands similar or 
equal to the “Enviro” glands supplied by some manufacturers must be used. All cable 
glands must be: 
 
 environmentally sealed to IP68 against the ingress of water from either end of 

the cable gland 
 constructed from brass and black nylon plastic encapsulation 
 supplied complete with brass locknut 
 have a loose cone bush and cone ring 
 suitable for use in an Ex e application and must therefore have an Ex 

identification band 

 

  
6.6.2 Proprietary type wire strippers shall be used and no stranded conductor shall be 

terminated if one or more strands have been damaged. 
 

  
6.6.3 Not more than one wire shall be connected to any terminal unless the terminal can 

accept pin lugs on either side of a screw or unless proper connecting material is used 
(see examples below). 
 

   

 

  

Every wire shall be marked at both ends with a numbering system as specified in the 

Labelling Specification (Volume 25 of the Automation And Control Design Standards), or if 

approved by the Engineer, and all terminating wires shall also be suitably crimped to a 

terminal lug. Not more than one wire shall be crimped into a single lug. Bare wire 

terminations will not be accepted. 

 

  
6.6.4 Where lugs are bolted onto studs, suitably sized lugs must be used. Enlarged holes in 

lugs will not be accepted. 
 

6.6.5 Where pin lugs are crimped onto the ends of wires, correctly sized pin lugs must be 
used, which fit into the terminals properly and such that the tightening of the terminal 
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does not result in the loosening of the pin lug. 
  
6.6.6 Where cable cores are terminated, sufficient slack must be allowed for wiring changes, 

re-terminations, etc. 
 

  
6.6.7 Where cable junction boxes, terminal boxes or terminations in instruments or any other 

panels in the field take place it must be ensured that such a junction box, termination 
box, instrument, etc. is not exposed to fire hazards from burning grass or other 
vegetation. If such a termination point is out in the open field (e.g. where grass grows 
below and/or around it), a clear area of at least 2.5m radius around this termination 
point must be provided. This must be a permanent clearing, such as a cement or 
concrete surface. A mere clearing of vegetation which can grow back again will not be 
accepted.  

 

6.7 Cables, Sleeves Or Microduct Assemblies In Trenches  

  
6.7.1 All cabling in trenches must be armoured cables to ensure sufficient mechanical 

protection. 
 

  
6.7.2 Where cabling (electrical or fibre-optic) has to be done between points where cabling 

will not run along cable racks, in cable ducts or in cable tunnels, these cables or 
microduct assemblies for blown fibre must be run in trenches. Overhead cabling will not 
be acceptable. Blown fibre microduct assemblies buried in trenches must be suitable 
for direct burial. 

 

  
6.7.3 Cable trenches must be at least 500 mm deep. There must be a 100mm layer of 

selective backfill (soft sifted sand), free of sharp and hard objects, at the bottom of the 
trench and another 50mm layer of selective backfill (soft sifted sand) directly above the 
cable, sleeves or microduct assemblies. Thereafter a single layer of protective pre-cast 
concrete tiles must be placed, without spaces between tiles, so that it forms one 
continuous protective layer. On top of the concrete tiles a layer of approximately150mm 
backfill must be placed before placing plastic cable warning tape. The warning tape 
must consist of a strip of polyethylene of thickness 0,04 mm and of nominal width 230 
mm, completely impregnated with a pigment such that the colour of the tape is yellow, 
colour No B49 of SANS 1091, and having printed at intervals not exceeding 1 metre 
along its length, a black-triangle and an electric flash symbol and the words "Danger, 
Gevaar, Ingozi". Thereafter the trench must be filled with sand (see the sketch below). 
 

 

150mm Backfill

Protective Tiles

50mm Sifted Sand

100mm Sifted Sand

Cables or Sleeves

500mm Trench

Warning Tape

 
 

 

  
6.7.4 Protective concrete tiles in trenches are there to provide protection against hand 

digging and warning of cables below. These tiles therefore can be paving blocks, 
precast wall slabs, etc. Requirements are that the tiles are not less than 38mm thick 
and will not break under their own weight (i.e. when the longest span of the tile or slab 
is supported on its ends) or when laid in the trenches by commonly accepted means. 
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The tiles must also not break when the soil is compacted. The tiles must cover the 
entire width and length of the trench. Before purchasing any protective tiles, the 
contractor must submit details of the proposed tiles to the engineer for approval.  
  

6.7.5 Where trenches pass under roads, railway lines, buildings, structures, etc., the cable 
trench must be at least 800 mm deep and at least 110mm HDPE (High-density 
polyethylene) double wall, corrugated pipes must be used as sleeving. 

 

  
6.7.6 Protective concrete tiles in trenches under roads must comply with all the requirements 

listed in item 6.7.4 above plus the concrete tiles must not break if subjected to the 
heavy vehicle traffic on that road. The requirements mentioned in items 6.7.5 and 6.7.6 
must be extended for 2 meters beyond the edge of roads to ensure that cables and 
cable sleeves will suffer no damage from heavy vehicles driving beyond the edge of the 
road. 

 

  
6.7.7 Cable route markers, in the form of concrete pre-cast posts, which stand 1.0m above 

ground level, secured in the ground, must be installed every 50m on straight runs and 
at every change in direction of the trench. Movable route markers will not be 
acceptable. The post must be equipped with a stainless steel plate engraved with “C&I 
CABLES” and/or “DATA CABLES” as applicable and the direction indicated in which 
the cables run. If there are electrical cables in the same trench, there must be a 
separate label engraved with “ELECTRICAL CABLES”, the voltage and the direction 
indicated in which the cables run. If there are data communication cables in the same 
trench, there must be a separate label engraved with “DATA CABLES” and the 
direction indicated in which the cables run. These labels must be cast into the concrete 
post so that they cannot be pried off. 

 

  
6.7.8 At the bottom of the post a 450 x 450 x 100mm concrete base must be cast to ensure 

that the route marker can only be removed if it is deliberately dug out of the ground. 
Steel reinforcing mesh of MRM reference 156, in accordance with SANS 1024:2006 is 
required in the concrete and the concrete compressive strength of the base must not be 
less than 15 MPa. (Note: Reinforcing mesh to MRM 156 consists of 3.55mm diameter 
wire used to create 100 x 100 mm squares). 

 

  
6.7.9 These route markers must be installed right next to the trench and not over the cables, 

so that the trench can be re-opened without affecting the route marker. The labels on 
the route marker must be on the trench side of the route marker. 
 

6.7.10 All route markers for C&I and data cables must be painted with two coats synthetic 
polymer base emulsion paint for exterior use, complying with SANS 1586 Grade 1. The 
first coat may be thinned with no more than 10% water to aid penetration. Thereafter 
reflective yellow paint, suitable for use on concrete, must be applied. 

 

  
6.7.11 The diagram below provides the required detail of these cable route markers.  
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6.7.12 Power and control cables must remain separated by at least 500mm as stated earlier. 

This means that power and control cables are not to be installed in the same cable 
sleeve. 

 

  
6.7.13 Where sleeves are used for cables, an accessible manhole must be installed on every 

50m straight run of sleeve and at every change of direction. This manhole can be built 
from bricks or concrete or it can be polyethylene Stakboxes as shown in the example 
below. Lids used on Stakboxes must not be made of material that is prone to theft for 
scrap metal (such as mild, steel, cast iron, etc. 
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6.7.14 The manhole must be large enough to allow proper access for cable installation. For 

example a manhole on a straight length of sleeving must in any event also not be 
smaller than 300mm x 300mm. Manholes installed at a change of direction must be 
large enough so that the bending radius of any cable running through it is not smaller 
that the manufacturer’s recommended bending radius. The manhole must also not be 
smaller than 300mm x 300mm. If the manhole is required to make cable splices (fibre 
or copper) it must comply with all the requirements of item 6.4.36 above and there must 
be enough space so that cable loops can be comfortably left in the manhole without 
exceeding manufacturer’s recommended minimum bending radii. Such a manhole must 
in any event also not be smaller than 600mm x 600mm. 

 

  
6.7.15 The larger the number of cables running through the manhole, the larger the manhole 

must be to ensure ease of cable installation. 
 

  
6.7.16 The depth below ground level at which the cables run through the manhole must not be 

less that the required cable burial depth as specified in item 6.7.3 above. 
 

6.7.17 All sleeves entering the manhole must be sealed with an appropriate sealer that will 
prevent moisture, dirt, rodents, etc. from getting into the sleeves, but the sealant must 
be of such material that it can easily be removed if required in future. The area around 
the sleeve where it enters the manhole must also be sealed to prevent moisture, mud, 
rodents, etc. from getting into the manhole. The manhole must not have any sharp 
edges that can damage cables or microduct assemblies. 

 

  
6.7.18 Where manholes are installed in roads, paving or paths where vehicles can travel, the 

lids and lid support structure must be strong enough so that heavy vehicle traffic from 
that area will have no detrimental effect on the lid or manhole. Such manhole covers 
must not be manufactured from material such as cast iron which is prone to theft. Metal 
covers filled with concrete will be acceptable. 
 

6.7.19 The manhole covers shall either have a latch that requires a special tool to unlock and 
remove, or be heavy enough that lifting equipment is required to remove them (see the 
picture below). 
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6.7.20 The base of the chamber must be made up of a dry mix of stone and cement so that it 
forms a hard but porous surface which is free draining for any water which enters the 
chamber. 

 

  
6.7.21 All installed sleeves must be equipped with draw wires (or equivalent, such as nylon 

rope) to allow pulling in of cables. These draw wires must be non-corrosive and must 
be strong enough to pull the cables intended for that sleeve. 

 

  

6.8 Fibre-Optic Data Cable Terminations  

  
6.8.1 All terminations must be done by fusion splicing cores of the fibre-optic cable onto pre-

fabricated “pig tails”, inside a “patch box”. The optical fibres will be terminated in the 
sequence specified in item 6.4.23 and 6.4.39 above. 

 

  
6.8.2 The “patch box” must be equipped with mid-couplers, to accept the “pig tails” from 

inside the “patch box”. The other end of these mid-couplers must accept the ends of the 
duplex jumpers fitted with LC connectors at both ends, which in turn are connected to 
the fibre-optic interface (modem, switch, hub, etc.). This arrangement is to ensure that 
disconnecting for testing or maintenance purposes does not involve working where the 
splices were made (see the sketch below). 
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6.8.3 The “patch box” must be hardened and robust, with a minimum environmental rating of 

IP65 and suitable for use in industrial applications. 
 

  
6.8.4 All splices must be fusion splices, and not mechanical splices.  
  
6.8.5 All fibre-optic cables must be at least 12-core cables to ensure sufficient spare cores in 

the event of faults and for future modifications, additions, etc. 
 

  
6.8.6 All fibre-optic data communication cables must be single mode.  
  
6.8.7 All fibre-optic cables supplied must comply with the relevant parts of SANS 60793/ IEC 

60793 and SANS 60794/ IEC 60794 in terms of construction, installation and testing. 
 

  
6.8.8 All the fibres and splices must be tested by an experienced fibre-optic network 

specialist and the results saved for analysis. The following tests have to be completed 
and test certificates have to be produced: 

 

 
 

 

6.8.8.1  OTDR (optical time domain reflectometer) tests for all fibres at both 1310nm 
and 1550nm wavelengths, in both directions, must be completed when the 
cable is delivered to the site and again after the installation has been 
completed. 

 

  
6.8.8.2  When performing OTDR tests, adequate launch and receiving leads must be 

used so that the splicing on both ends of the cable is clearly visible on the 
OTDR trace. The pulse width must be set to the minimum possible width for 
the distance under test and the time duration of the test must not be less than 
sixty (60) seconds. The scale of the trace should be set to 1.5x to 2x the length 
of the cable under test. The measured loss of each event must be captured in 
MS Excel and the original OTDR results must be saved in its native format. 
The results must be supplied to the engineer for approval. A typical OTDR 
trace is shown below. 

 
 
 

 

Fibre Cores
Fibre Cable

Patch Box
Splice

Pig Tails
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Duplex Jumpers

Fibre-Optic
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(E.g. Modem)



City of Johannesburg 

Johannesburg Water (SOC) Ltd 

20 

 

dB
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Launch event at 
first connector
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0                                0.05                        0.15                         0.3                         0.45                          0.5

End event at 
last connector

Typical OTDR trace

Launch lead Receive leadFibre under test
 

 
  

6.8.8.3  OLTS (optical loss test set) analysis with a power source and power meter 
must be done for all fibres after the installation has been completed. These 
tests must be done in both directions and the results have to be captured in 
MS Excel. A typical test report for one fibre is shown below. (P/Loss = Power 
Loss; ORL = Optical Reflection Loss). 

 

Fibre ID Wavelength P/Loss P/Loss Average ORL A ORL B Length 

  A->B B->A     

 (nm) (dB) (dB) (dB) (dB) (dB) (km) 
 

 

  
6.8.9  Losses in any fibre-optic core measured end-to-end at wavelengths of 1310nm 

and 1550nm, must not exceed 0.25dB per fusion splice. The attenuation over 
the length of the fibre must not exceed 0.35dB/km at 1310nm and 0.25dB/km 
at 1550nm. 
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6.8.10              Losses over any connection (i.e. including mid-couplers) must not exceed 
0.5dB. 
 

 

 

  

6.8.11               The figure above shows a typical patch box situation (see item 6.8.2) where a 
pigtail is spliced onto the cable at one end and onto a connector (the mid-
coupler) at the other end. These two events are too close together to be 
identified as separate events by an OTDR test. The overall maximum 
acceptable loss (at 1310 nm or 1550nm) for this combination will thus be  0.5 
(connection) + 0.25 (fusion splice) = 0.75 dB. This requirement is illustrated 
in the sketch below. 
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0.25 dB

OTDR

Pig tail (Splice) < 0.25 dB
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Open End

Connector < 0.5 dB

Losses 0.4dB + 
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0.4dB + 0.5dB + 
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Tested

Pig tail (Splice) < 
0.25 dB

0.25 dB

Attenuation < 0.25dB/km for 1550nm 
OR < 0.35dB/km for 1310nm

Event 1

Event 2

Event 3
Event 4

Event 5

 
 

 

  

6.8.12               SFP’s should be used so that the length of a fibre measured from one end to 
the other is greater than 5% of the rated maximum distance specified by the 
manufacturer of the SFP. 

 

  

6.9 Copper Data Cables  

  
6.9.1 All copper data cable shall be a high performance, 4-pair, Category 6, 23 AWG, 

unshielded, twisted pair (U/UTP) with solid copper conductors, polyolefin insulated PVC 
or low-flammability sheath and colour-coded pairs. 
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6.9.2 All copper data cable shall be tested after installation using an instrument with the 
capability of certifying the cable as Category 6 as specified in the TIA/EIA 568-B.2-10 
industry standard. 
 
 

 

6.10 Data Cabling General  

  
6.10.1 All data cabling systems must be designed and installed in accordance with ISO/IEC 

SANS 11801:2002. 
 

  
6.10.2 The cables must comply with EN 50288-5/6.  
  
6.10.3 In terms of flammability, the cables or blown fibre microduct assemblies inside buildings 

(whether on racks, in ceilings, under floor panels, etc.) must comply with IEC 60332-1. 
 

6.11 Cable Theft Prevention Measures 
 

  
6.11.1  Cable theft prevention methods must be discussed with each site manager and 

implemented to suit the unique requirements in each area on each site. 
 

  
6.11.2  Trenches in high risk areas (as defined by the relevant site manager) will have a 

100mm thick layer of 20/20 concrete (i.e. 20MPA strength and 20mm aggregate size) 
supplied in the place of the concrete tiles. 

 

  
6.11.3  Where inverted culverts with cable racking inside the culverts and concrete covers over 

the culverts are used the concrete covers must be constructed of reinforced concrete. 
The slabs must be sized to suit the width of the culvert. Each slab must weigh at least 
100kg and must be provided with only two lifting holes. 

 

  
6.11.4  Where cables are laid in trenches, the contractor must ensure that cable de-rating 

factors are strictly applied in accordance with SANS 10142-1:2003 to prevent cables 
from overheating. This clause is especially important to adhere to when existing 
inverted culverts with existing installed cables are to be filled with soil. 

 

  
6.11.5  No bare copper conductors are to be used for earth conductors, earth strapping, earth 

bonding, etc. If possible a 5-core cable should be used to allow the 5th core to be used 
as an earth conductor. If this is not a viable option, a 2-core PVC, SWA cable must be 
installed as an earth cable. 

 

  
6.11.6  For short runs of earth cable (such as bonding of earth bars or earthing conductors of 

buildings), other cable (i.e. not copper), approved by the Engineer, must be used. 
 

  
6.11.7  For high risk areas where cable racking is used, such cable racks must be covered 

with solid covers of the same material and complying with the same paint specification 
as the racking itself. Such covers must be bolted onto the rack in such a way that either 
special tools or a disk grinder would be required to remove these covers. 

 

  
6.11.8  If any additional cable theft prevention methods are required, such requirements will be 

made clear to the contractor at the time of tender. 
 

 


