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ABSTRACT
In March 2012 Brian Perry Civil was awarded the contract to undertake construction of access tracks,
environmental controls and 105 power pylon foundations for Transpower. This work was undertaken
over a 42 km section as part of the Wairakei to Whakamaru C Line project. The geology of the area is
predominantly pumice and ash as a result of the numerous volcanic eruptions in the central North
Island. Pile testing was required to ascertain more accurate properties of these local soils. The
Contractor and Designer developed a pile testing methodology to accurately assess the ultimate
capacities of piles in pumice soils. Due to the susceptibility of these soils to “tomos” there were
constraints on the pile construction methodology; permanent casings were not permissible and
vibrations were to be kept to a minimum. Following a risk assessment, the construction team
developed a methodology that not only mitigated the geotechnical risks but also reduced construction
time and cost. With the more efficient pile construction methodology and results of the pile testing, the
Client, Designers and Contractor opted to significantly change the scope of the project from 18 piled
foundations to 91 piled foundations with the remaining 14 as pad and pedestals. This provided a cost
saving and also significantly reduced the construction period. This paper will summarise the pile
testing methodology. It will detail the geotechnical risks involved and the construction methodology
that overcame them. It will show how the Client, Designer and Contractor collaborated to make this
project a shared success.
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INTRODUCTION

In March 2012, construction was commenced on a transmission line in the central North Island, New
Zealand. The line runs from Wairakei to Whakamaru and was constructed to upgrade the existing
transmission capacity with a double circuit line to replace the existing single circuit B line.
The project involved the construction of 105 new power pylons over a distance of approximately 42
kilometres.
This paper presents a case study of the construction of the piled transmission towers. It discusses the
pile testing methodology, construction constraints, construction methodology and the benefits gained
from the use of a collaborative approach between the Client, Designers and Contractor.
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GEOLOGY

The South Eastern end of the line is generally underlain by the Taupo Pumice formation and Rhyolite
Lavas of the Taupo Group. The North Western end of the line is constructed mostly in the
Whakamaru Group soils.
3
3.1

PILE TESTING
Requirements

With limited information available on pile performance in the local soils full scale foundation testing
was proposed to confirm assumptions used during design. Skin friction was of particular interest as
the critical load case for a transmission tower foundation is uplift capacity.
The original testing regime called for testing of full scale piles. However, the cost of undertaking a full
scale pile test was prohibitive and with design loads for the some towers up to 2,300 kN, testing a pile
to failure would have required over 7,000 kN of testing capacity.

The practicality and cost of constructing a testing frame capable of withstanding such loads and 1,500
mm diameter testing and reaction piles was well in excess of the budget allowed for pile testing by the
Client. The Designers and Contractor collaborated to produce a testing specification that used scaled
down piles and electronically monitored strain gauges and extensometers. This testing methodology
allowed the Designers to accurately measure the characteristics of particular layers of the local
geology as they required. Using the scaled test down piles, the expected required testing capacity was
reduced to 3,400 kN
3.2

Methodology

The final methodology involved tension testing two 750 mm diameter piles, 10.5 m and 17.0 m long, to
failure. The length of the piles was determined by the Designer and were chosen based on the known
geology at the two test sites.
At this early stage in the contract, the risks around keeping the pile excavation supported during
boring were not fully understood. This is discussed later in Section 4. The Contractor proposed to use
polymer to keep the pile excavation from collapsing during boring. The collaboration in the design of
the pile testing allowed polymer to be included in the pile testing regime. One test pile was constructed
with a short casing and open excavation while the other was constructed under a polymer support
fluid.
The scaled down loads allowed the testing to be undertaken using testing frames that the Contractor
had built for use in previous pile tests. The only piece of the frame that had to be specifically designed
and built for the test was a flange plate to connect the test pile reinforcing to the frame.

Figure 1. Photo of the pile testing frame set up for the first pile test

Figure 2. Schematic of the pile testing system
The loading programme was specified by the Designer and stressed the piles to 100% of their
designed factored ultimate limit state load capacity before returning to zero load and then stressing to
150% of the designed ultimate geotechnical capacity. It was not expected that the piles would
withstand more than 150% of their design ultimate (un-factored) geotechnical capacity.
3.3

Results

The final failure loads of the test piles were significantly higher than anticipated. The 17 m long pile
proved a design capacity in the order of 4,000 kN compared to a predicted design capacity of 3,400
kN and the 10 m long pile proved a design capacity in the order of 2,700 kN compared to a predicted
design capacity of 1,100 kN.
The results of the pile testing and their effect of the final pile design are discussed in a paper by
Clendon (2013).
The most significant outcome for the project was that pile lengths could be reduced significantly which
reduced both construction cost and time. The reduction of the length of the piles was significant as it
allowed the drilling and concreting of multiple piles to be carried out in a single day.
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4.1

CONSTRUCTION
Constraints

The construction of the production piles presented difficulties due to a number of factors as follows:



The susceptibility of the pumice soils to sub-surface erosion causing voids (tomos) that are not
detectable from the surface meant strict conditions were placed on the Contractor’s
methodology.



When assessing the borehole logs provided at tower locations it was assumed that, given the
sandy nature of the soil, the pile excavation would need to be supported during boring.



Using a temporary casing installed with a vibrating piling hammer was not permitted as the
vibrations could cause enlargement of tomos.



The requirement to install a stub member to later attach the tower to the pile made extraction
of a temporary casing by jacking or direct pull with a crane problematic. This stub was to be
set to very tight tolerances and hence needed to be held securely in place during curing.
Tolerances for the stub were in +/-5 mm in height across all four stubs and +/-0.1% of the
distance in plan between stubs.

Figure 3. The pile stub leg required to be cast into every pile

4.2



Permanent casings were permitted but they have been known to concentrate surface runoff to
one point around a pile which in turn runs down the casing, causing piping, and leading to
tomos. To counter this, the specification called for grouting around the outside of any
permanent casings to limit the concentration of water runoff. The cost of the permanent casing
itself with the added cost of the grouting operation made this methodology uneconomical.



The project was spread over a distance an alignment of 42 km with the majority of the tower
locations on private farm land. The final methodology needed to be repeatable and to limit the
number of movements to and from the piling platform to minimise disturbance to live stock and
farm operations.
Proposed Methodology

Following discussion with local earthworks contractors it was determined that, while the pumice soils
appear sandy, they do exhibit cohesion. This can be seen in road cuttings in the area which have
remained standing for many years.
With this in mind the Contractor investigated a methodology that used a short casing embedded
around 500 mm below ground level. This could be left in place which would allow the stub to be fixed

during curing. The piles would generally be bored with no support to the excavation. While this would
not be suitable for deep piles that take a number of days to drill, the site soils were generally easy to
excavate with ground water at sufficient depth so as not to interfere with the excavation. The drilling
and pouring of the four piles required for each tower could be undertaken in a single day where the
piles were generally less than 15 m long and the concrete was poured by free-falling through a short
pipe to ensure concrete was directed away from the reinforcing.
Further refinement lead to use of pre-cast manhole risers as sacrificial formwork. The manhole risers
could be set in place long before the piling construction team mobilised to site and as such served as
a guide for locating the pile hole. Guide frames for the stub setting bolted directly to the manhole riser
that was concreted into the ground which provided sufficient restraint to allow accurate stub setting.
It was assumed that not all the tower locations would have soil and ground water conditions suitable
for drilling with no form of excavation support. As temporary casings were considered unfeasible the
option of using a drilling fluid was investigated. Polymer drilling fluid was determined to be suitable as
it does not require de-sanding and is broken down by ultra violet light and hence can be discarded to
pasture once used.
The Contractor developed and constructed a containerised polymer plant which could be lifted (when
empty) by a hiab truck. If water or loose, collapsing soil was encountered, the pile excavation was to
be backfilled and the polymer units mobilised to site. The piling construction team would move on to
the next available tower location and begin pile construction there while the polymer unit was filled and
polymer mixed. When this was ready and the piling construction team was available the piling would
be completed under polymer and the pile poured with a tremmie tube.
The proposed methodology was discussed with the Client and Designers. They were generally
satisfied with the methodology with the exception of the proposal to free fall concrete. Following
discussion with the concrete supplier’s engineers it was decided that high slump concrete (between
180 and 220 mm) would be used and this would result in sufficient compaction at depth. Concrete in
the upper 6 m of the pile would be vibrated during placement.
The Designers also insisted on an approved method statement to be implemented should the tremmie
pipe lose embedment during a concrete pour. This was required as the tower location was fixed and
there was no scope to move a pile or replace with one either side (as can usually be done in normal
building or bridge piles). The Client and Designer needed confidence that there was a procedure in
place to mitigate the risk of not completing a pile in the event of an issue with the tremmie pour.
4.3

Advantages of the Proposed Methodology

The key advantage in the proposed methodology was the speed at which the piles could be drilled and
poured. The original foundation schedule specified 18 tower locations that were to be constructed
using a piled foundation. The remaining tower foundations were to be constructed using a pad and
pedestal foundation which involved a significant volume of earthworks and much longer construction
period. The obvious benefit of a reduced construction period to both Contractor and Client resulted in
a variation to the foundation schedule with 91 of the final tower foundations being constructed with
piles. The benefits of this were shared between the Client and Contractor.
The critical task in the piling programme was the drilling and pouring of the pile. The manhole riser
formwork could be set in place well before the pile construction crew mobilised to site and in some
cases was completed months in advance of piling. The riser was surveyed into location both in plan
and level and concreted in place so that the construction crew was no longer reliant on pegged
locations which can susceptible to movement by wandering livestock. This strategy reduced the
reliance on a surveyor, who was only required at the time of setting the stub leg, and moved more of
the work away from the critical path.
The manhole risers also created an effective fall protection barrier. Where the reduced level of the top
of the pile was less than 1 m above the existing ground, a spare manhole riser could be placed on top
of the sacrificial riser to temporarily increase the height of the fall protection.

Where the reduced level of the pile top was significantly higher than ground level a shorter riser could
be installed and the pile drilled from this lower level. When boring was complete the second riser could
be placed on top and the stub set for pouring.
With the location of the pile being so critical the manhole riser forms also allowed for a second survey
check on position prior to drilling.
4.4
4.4.1

Methodology Refinement
Tomo management

While tomos were a recognised risk prior to mobilising to site, the Contractor did not initially fully
comprehend the size these tomos could grow to. An incident early on in the construction programme
forced the contractor to re-assess this risk.
In this incident a pile was drilled and the reinforcing placed without any issues. The first truck load of
concrete was placed using the free fall method. As per standard procedure the concrete level in pile
was measured and found to have filled the pile slightly less than expected. The site team assumed
this was due to overbreak in the pile excavation and proceeded to pour the second truck. This entire
truck was emptied into the pile with no increase in the concrete height. At this point the site team
assumed they had encountered a tomo and that they were filling a finite void. Inspection of the pile
excavation with closed circuit television camera confirmed a tomo at the current concrete level. The
opening in the side of the pile excavation was estimated to be approximately 500 mm high and 200
mm wide. The site team continued to pour concrete into the pile and measure the rise in concrete
level.
When approximately 30 m3 of concrete had been placed for a rise in concrete level of just over 3 m in
height (1500 mm diameter pile, approximate theoretical volume for 3 m length is 5.3 m3) it was
decided to attempt to plug the tomo rather than fill it. This was eventually completed using a low slump
microsilica concrete mix.
Fortunately this pile was constructed early on in the programme and the reduction in pile lengths due
to the results of the pile testing had not been fully implemented. The tomo and concrete plug was
below the actual required toe of the pile and as such the pile pour could be continued with the
construction joint not reducing the pile capacity below the required design capacity.
The incident instigated the development of a Tomo Management Plan which was developed
collaboratively with the Designers and Clients Engineers. The Tomo Management Plan detailed
indications to watch for during pile excavation to attempt to identify a tomo before concrete placement.
It also added some quick and easy inspections to the piling methodology such as inspection of the pile
excavation using a torch and insisted on the availability of a CCTV camera should further inspection
be required. The management plan also laid out a methodology to be followed should a tomo not be
identified until the concrete pour had begun.
The plan was approved and signed off by the Designers and Client, and could be implemented without
delay if a tomo was found at any point in the construction methodology.
4.4.2

Supporting the pile excavation

The decision to drill the pile bore unsupported significantly reduced the length of time required to drill
and pour each pile which allowed many of the tower locations to be drilled and poured in a single day.
The Client recognised the benefits of this approach and was supportive of the Contractor speeding up
the process as much as possible.
While polymer could be used to support the pile excavation where it would not stand up unsupported,
the site team noted that often it was only a relatively thin (less than 1.5 m thick) soil layer that would
compromise the stability of the pile excavation. The time and cost involved in mobilising the polymer
units for this thin layer seemed excessive so the Client and Contractor agreed that where only a thin
layer of potentially unstable soil was thought to exist the pile could be bored through this layer and

flowable fill used to stabilise the excavation. The Client agreed to pay for this flowable fill as a variation
as it represented a significant time saving to the project.
This method was used extensively at the North Western end of the line where boulders dropping out
of the side of the excavation were causing problems with advancing the pile. The flowable fill held the
boulders steady and in the side of the excavation so they could be cored or drilled through.

Figure 4. A tower site ready for pile construction to commence

Figure 5. A completed tower site with tower erected on the cast in sub members
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COLLABORATION

The contract was completed under NZS 3915:2005. Right from the start of the project the Client
indicated that they were looking for a collaborative approach from everyone involved. The general idea
was for there to be open communication between all parties to collectively work through any issues in
a whiteboard session style. Once outcomes had been agreed these would then be formalised as

Contractor Advice (CA) or a Notice to Contractor (NTC). This significantly reduced the amount of
contractual communication and brought about resolution far quicker than would normally be expected.
The location of the Client and Contractors offices less than 50 m apart made informal meetings
common place.
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CONCLUSION

The successful completion of the foundation construction on the Wairakei to Whakamaru C Line
project came from a combination of good engineering, sound planning and risk management. The
open communication and collaboration between the Client, Designers and Contractor was integral as
it allowed all parties to have input when plans were first being drafted.. The completion of pile tension
testing allowed pile lengths to be reduced, and taking advantage of the slightly cohesive nature of the
soils to drill dry pile holes both significantly reduced construction time and costs. Use of precast
manhole risers as permanent formwork at the top of pile foundations was also an innovative option to
reduce time and costs plus provided health and safety benefits during construction.
While the contract was officially managed under NZS3915 it was carried out with an alliancing
approach where risk and reward were generally shared by both Contractor and Client. It was this
collaboration that made the project a shared success.
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