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SUMMARY 
 
The Kappa-Sterrekus 765 kV line with length of 173 km, is the last link of the Zeus-Sterrekus 765 
kV scheme built in South Africa.  This scheme stretches from Zeus substation near Tutuka Power 
Station on the Highveld right down to Sterrekus which is located close to Koeberg Nuclear Power 
Station in the Western Cape.  In total the scheme is made up of six sections, where construction 
started in 2007 and Kappa-Sterrekus is the last link that now completes this approximate 1 500 km 
of line. 
 
The conductor bundle used for the lines is 6 x Tern conductors spaced hexagonally at 320 mm 
with a thermal transfer capacity of 2 600 MVA under normal conditions.  Due to the mountainous 
terrain over which a portion of the line transverse, it had to cross a valley of 1 289 m wide which 
is the longest span for 765 kV level in South Africa.  An existing tower was modified and 
strengthened to handle the large mechanical loads imposed by this long span. 
 
Although the technologies used on this project is not unique in the world there was a number of first-
off systems and practices that was utilised for the first time on this particular project in South Africa. 
These systems included: 
 

• First time use of micro pile foundations on an overhead transmission line. 
• First time use of composite insulators at 765 kV level. 
• The guyed V suspension towers type 703B was lifted complete with insulators and hardware 

in one operation which eliminated the dressing process and thus realised a saving in 
construction time and reducing risk. 
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• Utilisation of gin pole / derrick crane and helicopter construction on a large scale due to the 
inaccessible terrain for any vehicles and high environmental care of fynbos in the Western 
Cape. 

• The use of load cells to monitor the vertical loads imposed during stringing in real time to 
ensure that construction loads were within calculated limits. 

• The modification of an existing tower type to cater for the increased loads over the long 
spans. 

This paper will discuss the first-off practices in more detail and provide reference for practical 
applications of technologies in difficult environments. 
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1. Background 

In order to support the increased electricity demand in the Eastern and Western Cape, Eskom 
Transmission has planned to strengthen the existing network with an additional 765 kV capacity 
between the Zeus substation near Standerton in Mpumalanga and the Sterrekus substation near 
Koeberg in Cape Town.  In addition there will be a large penetration of renewable power into this 
same corridor.  The whole scheme known as Zeus-Omega has been divided into six sections with 
total line length in the order of 1 500 km.  The six sections were Zeus-Mercury, Mercury- Perseus, 
Perseus-Hydra, Hydra-Gamma, Gamma-Kappa and Kappa-Sterrekus. 

Voltage support was the biggest consideration in the Southern Region in order to provide additional 
capacity to support the 400 kV network supplying the Greater Cape Region South of Bloemfontein.  
Total normal transfer capacity of the line was designed to be 2 598 MVA and under emergency load 
condition 3 092 MVA. 

Construction of the scheme started back in 2007 and the last line to be built was the Kappa-
Sterrekus section which started in 2014.  Kappa-Sterrekus was in turn further divided into three 
sections namely A, B and C of which details can be seen in figure 1. 
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Figure 1: Section A, B and C of Kappa-Sterrekus line. 

Sections A and C was constructed first while the construction of Section B started in 2015.  Section 
A is closer to Kappa substation while Section C is closer to Sterrekus substation and Section B 
covers a difficult mountain range and sensitive environmental area. 

 

2. Key Design Parameters 

A summary of the key line design parameters for Kappa-Sterrekus can be seen below. 

 

Conductors Phase conductor: 6 x “Tern” ACSR, IEC Code 403.77-A1/S1A-45/3.38/7/2.25 and 

                             6 x “Zebra” ACSR, IEC Code 428.88-A1/S3A-54/3.18-7/3.18  

 

Jumpers:               6 x “Bull” AAC, IEC Code 865-A1-61/4.25 

Sub-conductor spacing: 320 mm 

Conductor templating temperature: 70°C. 

Ground wire Combination of : 

1 x  “Tiger” ACSR, IEC Code 131.23-A1/S1A-30/2.36/7/2.36 

1 x Steel, IEC Code 16-S1A-19/2.70  

1 x 48 Core, 16.5kA/0.285Ω/km OPGW 

C 

B 

A 
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Insulators The line was fitted with (IEC 24) 300 kN and (IEC 28) 400 kN: 

Glass cap and pin insulators and 

Composite long rod (31 mm/kV creepage) insulators. 

Hardware Standard Strain and V-assemblies with live line fittings. 

Towers types Suspension: Guyed-V 703B and self-supporting 701C 

Strain: 701 E, F, G and GM 

 

Foundations Spreader type:  Pad and Column foundations 

Micro pile grout injected Foundation system 

 

 

It is important to understand that the reason for different type of conductors, earth wires, insulators 
and foundation systems used on the line was dictated by the different terrain and design- and 
environmental challenges that were faced between sections A, B & C. 

 
 

3. Foundation Systems 

Conventional foundation systems utilised by Eskom thus far mainly consists of spreader 
foundations, pile type foundations and rock anchor type foundations.  On a portion of the line in 
Section C which was closest to the coast, a lot of loose and sandy conditions were expected.  The 
concept of micro-piles was investigated and decided to be used for the first time on a 765 kV line in 
South Africa. 

 

The micro-pile grout injected system is suitable for all soil conditions ranging from saturated soils to 
hard rock and is therefore very suitable for use on power line construction as it can deal with any 
foundation condition experienced. The added advantage is that from a logistic point of view very 
little material has to be brought in as the drill shafts act as tension/compression reinforcement in the 
constructed piles and the pile caps are smaller than conventional foundations. Furthermore, the 
system only requires a light drilling rig and a cement grout pump system as far as equipment is 
concerned.  

These micro-piles are formed by drilling a threaded hollow drill shaft into soil or rock and mixing the 
loosened virgin material with a high strength cement grout which is pumped simultaneously at high 
pressure through the hollow centre of the drill bar.  As it is not always known how deep one needs 
to drill the micro-pile in order to get the desired load capacity from the micro-pile, the drill shaft can 
be extended by adding multiple drill shaft sections of 3m. The new section is coupled to the 
previous section by means of a threaded hollow coupling. The bars can also be cut into shorter 
pieces if a shorter section is required.  Cement grout is pumped in under pressure to form a grout 
bubble to ensure good contact between the pile and the virgin soil in order to ensure good transfer 
of the load forces from the pile to the virgin soil (see figure 2).  As the micro-pile stabilises the in-situ 
virgin material there is little possibility of the drill hole collapsing.  In addition to this the drill shaft is 
covered by a layer of high strength cement grout to give it corrosion protection. Once the desired 
depth is reached the grout is pumped continuously until fresh grout emerges at the top surface. 
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From an environmental point of view the 
system is extremely suitable as the 
natural surrounding at the foundation 
positions is hardly disturbed apart from 
the small excavations required for the 
pile and anchor caps. Different drill bit 
types and sizes and drill shaft sizes are 
available to suite different load 
requirements. Because the system 
constructs the micro-piles in a single 
process and the pile caps require far 
less material than conventional 
foundations the foundation construction 
process has been found to be twice as 
fast as the conventional approach.  
Furthermore cost savings in the order of 
18% were achieved compared to 
conventional pad and pier foundations. 

 

 

 

Figure 2: The micro-pile system cross-section and plan section. 

 

4. Insulator Selection 

Both glass cap and pin as well as composite long rod insulators were used on the line.  For section 
A (Figure 1), glass cap and pin was selected while for section B and C composite long rod 
insulators were chosen.  For insulator selection a number of parameters must be considered but 
can mainly be categorised into system requirements, environmental conditions of the site as well as 
insulator parameters from manufacturer’s catalogues. 

Eskom Transmission has been using composite insulators across its power network at voltages 
ranging from 132 kV up to 400 kV but never considered it for 765 kV mainly due to lack of operating 
experience worldwide at this voltage level.  It did however install a few units on a trial basis in 2002 
on the 765kV Beta-Hydra turn-ins.  Glass cap and pin was the preferred choice for the 765 kV 
network until environmental pollution conditions encountered on Kappa-Sterrekus sections B and C 
(Figure 1) made the option of composite insulators the logical choice. 

For suspension assemblies, a V-configuration was used with insulators that were rated at 300 kN 
each and for strain assemblies two 400 kN insulators were utilised in parallel.  The approximate 
length of these insulators is 6.4 m with a specific creepage value of 31mm/kV. 

During construction the insulators and hardware were attached to the suspension structures prior to 
lifting and then erected in one operation.  This was different to the traditional tower erection and 
dressing methodology where normally first the tower is lifted and once plumbed the hardware raised 
one phase at a time for attachment to the tower.  A concern was raised that the composite long rod 
insulators could experience excessive bending during the lifting process.  It turned out that if proper 
care is taken, no excessive bending of the insulators will happen (Figure 3) and the risk associated 
with structure dressing is reduced. 
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Figure 3: Composite 300kN insulator covered in protective sleeves prior to tower erection. 

 

5. Tower Modification 

The route selected for this line included bridging a gap of 1 289 m over a valley.  From the profiling 
and other studies conducted it was soon realised that with the conductor tensions that could be 
allowed for this particular span, the governing conductor used namely ACSR “Tern” would be 
utilised very close to its maximum allowable tension as governed by the applicable design codes.  
For this reason higher redundancy was required in both conductor and tower selection.  As a result 
the conductor for a portion of the line over the mountain range was changed to ACSR “Zebra” which 
had a higher steel content compared to “Tern” and with the change from S1 type of steel to S3 
[1]according to IEC61089 the increase in tensile strength was sufficient to safely cross the gap.  The 
choice of other conductor types could not be considered due to long term contract agreements with 
existing conductor suppliers that did not cater for other conductor types.  Furthermore, time 
constraints to influence contract modifications were not possible and hence “Zebra” conductor was 
chosen.  The diameter difference between “Tern” and “Zebra” is minimal and therefore no major 
hardware modifications were necessary with the exception of dead-end and mid-span joints.  

Climatic conditions on the mountain range forced the design of this line to accommodate ice loading 
conditions and after analysis of existing tower types (701G) it was confirmed that either a new strain 
tower needed to be developed or the strength upgrade of existing towers will be required.  Once 
again due to time constraints the decision was made to upgrade the existing terminal tower to 
accommodate the long spans as well as ice loading conditions that are expected.  After a thorough 
analysis of the tower which included modelling the tower using appropriate software utilising Finite 
Element Analysis (FEM), the weak points of the existing tower to be upgraded was determined 
(Figure 4, Figure 5). 
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The red circles in figure 4 indicate where the tower failed due to overloading of the members as a 
result of one of the dominant load cases being ice loading on conductors.  Keeping the basic tower 
geometry the same, except for the earth peaks that were altered slightly by moving the peaks 1.0 m 
outwards for increased lightning protection, reinforcement of the structure involved increasing 
member sizes and member thickness.  The modified tower was labelled 701GM and resulted in a 
mass increase of about 15% for nominal conductor attachment height of 36.0 m. 

 

6. Line Construction 

6.1 Gin pole and helicopter construction 

The terrain in section B was categorised as extremely difficult due to total inaccessibility by vehicles.  
Furthermore severe side slopes encountered on the mountains were such that the existing leg 
extension modules could not accommodate and cater for the differences in leg lengths required.  A 
total of 20 towers were identified that could not be reached by vehicles and the contractor decided 
to use gin poles / derrick crane for construction and erection of the steel work whilst helicopters 
would be used to transport all the required material.  It was the first time on any Transmission Line 
project undertaken by Eskom that such a large number of towers had to be built by gin pole and 
helicopter. 

Experience was lacking by Eskom engineers in the gin pole construction, and Eskom together with 
the contractor decided to embark on a strategy to first build an easily accessible tower with the gin 
pole method in order to gain experience and to confirm the exact method of construction.  This 
turned out to be a valuable decision to do this exercise as the contractor used this opportunity to 
sharpen the skills of their work team and verified that all equipment was in good working order. 

Where excessive side slopes were encountered the foundation columns were extended rather than 
to dig into the mountain (Figure 6).  This approach turned out to be the more cost effective and 
environmentally accommodating. 

 

Figure 4: Tower FEM model results      
before upgrade. 

   Figure 5: Tower FEM model results 
after upgrade.       
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The use of small helicopters with lifting capacity of about 1.2 
tons and which required more flights to deliver material onto 
the mountain and then building the tower by gin pole was 
chosen by the contractor in the absence of bigger size of 
helicopters which are not readily available in South Africa.  
Although gin pole construction is time consuming the 
contractor team completed one tower in a time of 
approximately 14 to 20 days for a 60 ton structure, which 
was dependant on ease of access, size of laydown area 
and climatic conditions. 

 

 

 

 

 

 

 

Figure 6: Example of foundation column extension. 

 

6.2 Real time measuring of vertical loads imposed o n structures during stringing 

The absence of large capacity helicopters for use on the mountainous sections of the line profile 
caused situations where it was not practical to have short manageable stringing sections. The worst 
section was identified and calculations done in an attempt to predict loading on structures and 
equipment. One particular section identified was roughly 4.5 km long due to the fact that puller and 
tensioner equipment had to be located at the foot of both sides of the mountain to be strung and 
which included the longest single span of 1 289 m.  At the highest point of the mountain a 
suspension structure was positioned with short spans and strain structures either side which had to 
be carefully monitored to avoid overloading during stringing. 

Profile modelling software calculated vertical loads on structures based on the traditional allowable 
weight span method (distance from structure to low point in catenary on either side) or the more 
exact method of using the weight span based on the arc length between low points in the 
catenaries. More exact methods cater for the movement of the low points based on wind blow-out of 
the catenaries etc. [1] None of these however are able to cater for computing the vertical loading of 
a structure during the stringing process. The conductor runs through running blocks and the low 
point of the catenary changes constantly depending on the pulling tension. The pilot cable is light 
compared to the bundle and runs at a higher tension. There are no dead-ends and the strain 
structures allow for free movement of the conductor through line deviation angles all of which make 
modelling by software very difficult. 

On the particular section chosen the heavy conductor bundle will increase the vertical load on the 
suspension structure highest on the mountain as it is pulled up the one side during the stringing 
process and then further increase as the bundle descends on the opposite side of the mountain until 
it reaches the lowest point of the stringing section (Figure 7).  
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Figure 7: Simplified profile view of stringing section over the mountain.  

 

Calculations showed that the loads imposed on the type 701C suspension structure when pulling 
the entire bundle of 6 x “Zebra” would exceed the capacity of the structure when a safety factor of 2 
which caters for dynamic moving wire conditions as defined in SANS standards [2] was applied.  As 
a result it was decided to perform the stringing in two stages for each phase of the total stringing 
section of 4.5 km. Firstly 2 x “Zebra” conductors and 1 x FUX24 pilot cable was strung on the outer 
sheeves of the 7 wheel running block.  These two conductors would then be cut and temporarily 
anchored on the two strain structures either side of the top suspension structure in order to relieve 
the vertical loading on the cross arms of the top suspension structure.   The pilot cable was then 
used to pull the remaining 4 conductors of the 6 conductor bundle by using a smaller head-board 
which could pass in-between the existing strung two conductors (Figure 10). 

It was also decided to do detail monitoring of the vertical loads applied during stringing onto the top 
suspension structure cross-arms.  This was done by attaching two load cells between the hardware 
yoke plate and the stringing running block (Figure 10).  Data from the load cells was transmitted to 
ground via a wireless link onto hand held displays which give the instantaneous reading on this 
display (Figure 8).  Radio communication with the puller and tensioner stations would allow 
documentation of the corresponding pulling tensions (Figure 9).  

 

       

Figure 8: Maximum vertical load on 
structure 

 Figure 9: Puller tension measured during 
stringing.           

 

To calculate the vertical force imposed on the structure during the stringing process, the following 
assumptions were made: 
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• The entire section was straight (with changes in height and span lengths exactly as profiled 
but without line deviation angles). 

• The weight of the headboard was 350kg. 

• The friction in the running-blocks added 2% on the horizontal force as per IEEE524 [3]. 

• The shape of the hanging conductor was assumed to be parabolic and not a catenary as the 
calculations would be simplified and would not vary greatly from catenary equations.  The 
following set of formulas were used for the simplified calculations; 

Span length = �  
Difference in height between supports = ℎ  

Weight per meter of cable = �  
Horizontal cable tension = �  

Angle between tangent to the cable on left  and the   
horizontal = 

�� 
 

Angle between tangent to the cable on right and 
the horizontal = 

�� 
 

Maximum sag = �	 =
���

8�
+
ℎ

2
 

(1) 

Low point X = � =
�

2
+
�

�
tan� (2) 

Low point Y = � =
���� − ��

2�
± �	���	� 

         (3) 

Maximum cable tension at left support = �� = �	���	��          (4) 
Maximum cable tension at right support = �" = �	���	�� (5) 

The maximum cable tensions at each support were used to calculate the maximum vertical load on 
the running blocks. The maximum vertical load on the structure on the highest point of the mountain 
was a result of the calculated vertical load of the spans on either side of the structure (Error! 
Reference source not found.  and Error! Reference source not found.  calculated vertical 
components) and the neighbouring spans (see Figure 7). On level ground the neighbouring 
structures would always carry the entire weight of their span on both sides of the structures but on 
uneven terrain the structure might carry weight of conductors on the neighbouring spans. 

 

Theoretical calculations showed that for a pulling force of 7 138 kg (≈ 70 kN) the vertical load on the 
running block at the top suspension tower should be 5 280 kg for the 2 x “Zebra” and 1 x FUX24 
pilot cable with mass of 5.02 kg/m.  This corresponded well with actual measured values using the 
load cells which indicated a vertical load of 2 605 kg per load cell (Figure 8) for a total vertical load 
of 5 210 kg and a corresponding pulling force of 7020 daN (Figure 9).  

 

The most important note of interest is that for stringing purposes (in rough terrain), the low point of 
the catenary is not necessarily between structures and could impose large vertical forces on 
structures which may overload structures when safety factors are added. Fairly accurate calculation 
of forces combined with new constant monitoring tools is possible and could help with the feasible 
execution of these construction procedures. 
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Figure 10: Four of the six conductor bundles are being pulled through a running block fitted with 
load cells to measure instantaneous vertical loads. 

 

7. Concluding Remarks  

• The use of micro-pile foundations realised a time and cost saving compared to 
conventional foundations.  It is also more environmentally friendly compared to for 
example conventional pad and pier type foundations. 

• Composite insulators was used for the first time at 765 kV level and when attached to 
the suspension structures prior to erection, can be erected with the tower in a safe 
manner that can save construction time.  Composite insulators are light weight, easy to 
handle and offer good performance in heavy pollution areas. They are also easy to 
transport by helicopter. 

• The reinforcement of an existing tower rather that the development of a new tower 
yielded both time and cost savings.  The opportunity was also used to improve the 
lightning shield angle on the tower by repositioning the earth peaks. 

• Line construction by gin pole method can effectively be used in a safe manner to 
construct towers in difficult locations and can be done relatively quickly if helicopters are 
used to transport the material to these sites. 

• Advances in electronics and wireless load cells make it possible to measure loads in 
real time in order to monitor key construction processes and ensuring that structures are 
not damaged or overloaded. 
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