
  

INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 
 

 

 

 

 

 

 

 

   

  
 
 
 
 
This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 
 
https://www.issmge.org/publications/online-library 
 
This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

 

 

 

 

 

 

The paper was published in the proceedings of the 11th 
Australia New Zealand Conference on Geomechanics and 
was edited by Prof. Guillermo Narsilio, Prof. Arul 
Arulrajah and Prof. Jayantha Kodikara. The conference 
was held in Melbourne, Australia, 15-18 July 2012.  
 
 

 

 

https://www.issmge.org/publications/online-library


 

 

Remediation of the Kawakawa Bay Landslide, New Zealand 
 

P. J. Malan ME CPEng MIPENZ
1
 and S. V. Ballegooy PhD

2
 

 
1
Tonkin & Taylor Ltd, PO Box 5271 Wellesley St Auckland 1141 +64 9 355 6000; email: pmalan@tonkin.co.nz 

2
Tonkin & Taylor Ltd, PO Box 5271 Wellesley St Auckland 1141 +64 9 355 6000; email:  svanballegooy@tonkin.co.nz 

 
ABSTRACT 
 
The Turei Hill, Kawakawa Bay landslide is a landslide measuring approximately 150 m x 100 m in plan 
and up to 50 m deep.  Significant ground movement was observed in July/August 2008, with debris 
falling into an adjacent state highway following a period of high intensity rainfall.  This paper presents 
a case study of the slide assessment and remedial measures including development of the geological 
model and the philosophy of remediation design and construction.  The landslide remediation is 
significant due to the active nature of the landslide, the use of surface monitoring survey markers to 
infer a slide profile at depth, the compressed timeframe of both investigation and construction and the 
use of ground anchors rather than in-ground shear piles to stabilise a large landslide.   
 
Keywords: Kawakawa Bay landslide, Turei Hill, slope stabilisation, anchors 
 
1 INTRODUCTION 
 
This paper presents a summary of the works undertaken to stabilise the Turei Hill, Kawakawa Bay 
landslide.  The case history has been covered in more detail in the New Zealand Geomechanics News 
(Malan and Ballegooy, 2010), with information on the initial response presented by Faulkner and 
Saunders (2010). 
 
2 BACKGROUND 
 
During rainfall events in July and August 2008, approximately 500 m

3
 of landslide debris fell from a 

steep and heavily vegetated cliff face on Turei Hill, Kawakawa Bay.  The rock fall completely blocked 
the Clevedon to Kawakawa Bay Road and exposed the underlying Greywacke bedrock.  At the same 
time, independent of the road assessment works, the Earthquake Commission (EQC) was contacted 
to undertake an inspection of a farm property set back approximately 100 m from the cliff face. Tonkin 
& Taylor Ltd (T&T), on behalf of the EQC, identified tension cracks and a head scarp feature affecting 
the property.  Following site inspections and a review of the landslide scale it became apparent that 
the two incidents were linked and a major deep seated landslide was identified that affected the entire 
hillside and cliff face.  The approximate extent of the landslide is shown in plan on Figure 1 and was 
estimated to be approximately 100 m wide and 150 m to 200 m long. 
 
An initial drilling investigation was commenced, and inclinometers were installed at the upper end of 
the landslide. When a technician came to record base line inclinometer readings the day after 
installation, they noted obstructions in the tubes.  It became apparent that the slope was actively 
moving and the inclinometers had sheared off overnight.  At this stage the drill rigs were demobilised 
for safety reasons and careful survey monitoring was implemented.  The survey monitoring confirmed 
that movement was occurring on a 20 degrees incline (from the horizontal) in the Southeast direction 
directly towards the residential dwellings at the northern end of the Kawakawa Bay community. 
 
Detailed site surveying of horizontal and vertical displacements at the established control points 
allowed vector analysis of the nature of movement in the landslide to be carried out.  Movements of up 
to 40 mm per day were occurring, and the rate of movement was accelerating.  Further analysis 
showed that at these rates of acceleration, mass failure of the hillside could have occurred within a 
matter of days.  Assessments of potential run-out distances from the mass of the landslide (now 
estimated at 400,000 m

3
) indicated that at least five occupied dwellings at the foot of the hillside were 

at risk of inundation with debris if a significant landslide evacuation were to take place. 
 
By the time it was safe to remobilise drill rigs to complete the borehole investigations and inclinometer 
installations in the mid and lower portions of the landslide, the rate of movement had significantly 
declined making clear identification of the failure surface difficult due to the presence of multiple zones 
of crushed and broken rock recovered from the underlying melange of Greywacke rock. 
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Figure 1 Plan showing landslide, road and dwellings 

 
 
3 GEOLOGICAL MODEL 
 
Borehole investigations on accessible areas of the slip indicated a profile of residual soils overlying a 
weathered and then unweathered Greywacke rock.  A number of shear and crush zones were 
identified in the boreholes indicating multiple possibilities for the depth of movement.  Careful logging 
and recording of distress in the ground surface and within rock exposures on the cliff face, combined 
with extrapolation of movement vectors from survey data allowed the development of a robust 
geological and landslide model. 
 
Pore water pressure transducers were installed in selected boreholes, but landslide movement ceased 
and the first recorded pore water pressure measurements indicated the ground water pressures were 
already significantly reducing from peak values.  Consequently, the water pressures which had 
triggered/activated the landslide movement were unknown, adding another layer of complexity  to the 
stabilisation design. The geological model was subsequently confirmed by observations of a shear 
zone during excavation of the shear key and drilling records from the sub horizontal bored drains and 
ground anchors.  The results were generally consistent with the geological and landslide model 
adopted, verifying the mechanisms and previous analyses. 
 
4 FAST TRACK REMEDIAL DESIGN 
 
The key design driver was to achieve an acceptable increase in the slope stability safety factor prior to 
the onset of the 2009 winter period to minimise the risk of the landslide reactivating and possibly 
inundating the houses and the road below.  A compressed design and construction programme of less 
than a year was therefore required. T&T quickly completed the conceptual design, followed by detailed 
design and development of construction drawings and specifications.  In parallel, Opus International 
Consultants Ltd (Opus) prepared contract documentation and started the tendering process while the 
remedial stabilisation design work and drawings were still being completed by T&T. The remedial 
works essentially comprised: 
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1. 65,000 m
3
 of earthworks to unload the top of the landslide to remove part of the driving force 

from the landslide 
2. Construction of a 30,000 m

3
 toe buttress comprising a 25 m high, 100 m long reinforced earth 

embankment and a 3 m deep, 12 m wide shear key 
3. Sealing up of all the tension cracks and recontouring the ground surface to keep surface storm 

water from infiltrating the ground 
4. Installation of approximately 4,000 linear metres of sub-horizontal bored drainage to lower 

ground pore water pressures 
5. Construction of seventy no. 50 m long high capacity (2800 kN) ground anchors to further 

restrain landslide movement 
 
The pore water pressures at the time of failure were not known and the duration of the water pressure 
monitoring prior to detailed design was limited. There was therefore a risk that the assumed trigger 
pore water pressures could be greater than the actual value and thus that the design could be 
unconservative.  To mitigate this risk, the adopted design philosophy required an increase in slope 
stability of approximately 30% from non-drainage elements (e.g. the ground anchors, earthworks, 
shear key and the buttress), with the drainage elements providing an additional 20% increase in the 
factor of safety (i.e. to a safety factor of 1.5 as required) and importantly preventing excess rises in 
pore water pressure.   
 
5 TOE BUTTRESS AND SHEAR KEY 
 
Working within a constrained site where the Clevedon to Kawakawa Bay Road runs alongside the 
base of the slope required the buttress design to be built entirely within the site footprint.  Conventional 
design practice for reinforced buttresses is that the lengths of the reinforcing elements are often 
proportional to the height of the buttress, which would be around 20 m to 25 m for this project.  The 
spatial constraints at the toe of the slope meant that the buttress had to be designed with a width 
significantly less than its height to avoid significant destabilising excavation of the toe of the slope and 
landslide. An innovative solution to achieve satisfactory design stability for the „narrow‟ buttress was to 
use the anchors to also improve the local stability of the buttress.  A shear key was incorporated into 
the buttress design to provide a stable foundation for the buttress. 
 
During construction, the depth of the shear key over the central portion needed to be increased by a 
further 1.5 m due to unfavourable ground conditions. Ground water springs within the shear key 
excavation yielded large quantities of water, which were observed to be coming from below the 
shear/crush zones. As-built stability analyses were undertaken at the time to see if the higher than 
expected ground water pressures acting on the base of the buttress shear key could be allowed for in 
the design.  The results from the assessment indicated that depressing the water level in the shear 
key was a more cost effective option than adding additional anchors to achieve the long term stability 
safety factor of 1.5. Therefore, a water-level actuated permanent drainage sump was added to the 
shear key design during construction. 
 
6 GROUND ANCHORS 
 
Ground anchors in New Zealand have typically been used to restrain significantly smaller scale 
landslides, often in conjunction with shear piles and palisade walls.  Ground anchors have traditionally 
not been used in New Zealand for large scale landslide remediation projects of this nature. Due to the 
scale and depth of this landslide, the use of shear piles or in ground palisade walls were not 
considered to be economically feasible. 
 
To enable the ground anchors to restrain the landslide, 50 m long anchors were required to allow 
anchorage into the rock mass below the body of the landslide mass.  In addition, large heavily 
reinforced 2.4 m by 2.4 m by 350 mm thick precast concrete panels were required to provide adequate 
bearing restraint on the face of the slope.  These panels were recessed into the face of the slope.  
 
Due to the required length, high capacity anchors were designed to minimise the total number of 
anchors required.  The design of the panels and anchor head details required some complex structural 
and geotechnical modelling to keep the size (and hence the weight) of the precast panel components 
to a minimum.  The size and weight of the panel was critical given the steep topography, difficult 
access and lifting constraints.  The weight of the precast panels was eventually designed to be less 
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than 5 tonnes, which allowed a 30 tonne excavator to be used to install the precast panels.  The face 
panel installation was programmed to be undertaken during the 2009 winter season and the 30 tonne 
excavator was the largest available lifting plant that could safely operate in the vicinity of the anchor 
locations over the winter period. 
 
Prior to the construction of production ground anchors, two trial anchors and precast concrete test 
panels were installed and proof loaded to prove the geotechnical bearing capacity of the inclined 
concrete panels and the bond between the grout and rock.  The proof testing allowed for an increase 
in the strength reduction factors (which also kept the size of the precast panels within manageable 
proportions).  Extra strands were used for the two test anchors and the anchor bond length was 
shortened to 5 m (compared with the designed bond length of 10 m to 12 m for the production 
anchors), in order to determine the maximum available bond capacity.  The test anchors were each 
loaded to 3,500kN and the displacements monitored. Further loading was not possible because the 
test load was close to the structural capacity of the anchors. Notwithstanding, the key conclusions 
from the test anchor results were that bond stresses in excess of 1,500 kPa were proved in the 
underlying Greywacke rock and the face plate bearing capacity pressures in excess of 600 kPa were 
proved on the overlying residual soils. 
 
The anchor specification required a 100 year low maintenance design life in a marine spray 
environment with double corrosion protection.   T&T was able to come up with simple detailing of the 
anchor heads to achieve these requirements. For the remainder of the anchor, site acceptance tests 
were used to ensure the protective ducting (that excludes water from the anchor stands) was still 
watertight after anchor installation. 
 
As a consequence of the three dimensional geometry of the remedial works there was the potential for 
the alignment of a number of the ground anchors to clash at depth.  A three dimensional geometric 
model of the anchors was developed, which identified the need to vary the vertical inclination angles of 
a number of the anchors.  This was particularly challenging around the radius at the southern corner of 
the buttress.  The end result is that all anchors were successfully installed without any anchors 
intersecting. 
 
Due to the relatively coarse alignment tolerances of the sub horizontal bored drains, some potential 
clashes with the anchor drill holes was unavoidable. Therefore, the specified construction sequence 
was to first complete the sub horizontal bored drains and provide for some redundancy in the number 
of drains provided.  During construction, three of the anchors intercepted horizontal bored drains.  A 
slightly modified grouting procedure was adopted for these anchors.  All of the anchors were 
successfully constructed and installed whilst maintaining the overall drainage function, and without 
compromising the integrity of the design. 
 
7 FEBRUARY 2009 STORM EVENT DURING CONSTRUCTION 
 
A storm event occurred towards the end of February 2009 caused the landslip to remobilise and move 
approximately 5mm.  Fortunately the storm duration was short and did not elevate pore water 
pressures to unacceptable levels.  At that stage in the works the slope stability had not yet been 
improved, as the shear key had just been completed but the buttress was still to be constructed.  The 
shear key only provides substantial stabilising benefit when the weight of the buttress confines the 
shear key and increases the mobilised frictional strength.  During this significant rainstorm event, the 
landslide movement was measured by an inclinometer installed half way down the slope and occurred 
at a depth at which the slip surface (the zone of movement) had been assumed (as discussed earlier).  
This data therefore confirmed the adopted geological model, the landslide geometry and the governing 
mechanisms. 
 
The measured ground water pressures at the time of the recorded slope movement in the February 
2009 storm event show that ground water pressures did not elevate to the high levels which were 
thought to have occurred during the July/August 2008 event.  This confirmed the appropriateness of 
the adopted design philosophy of not relying solely on a drainage solution alone to stabilise the 
landslide. 
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8 STABILISATION WORKS 
 
The stabilisation works commenced in January 2009 under the emergency provisions of the Resource 
Management Act 1991 (RMA) with Downer EDI Works Limited appointed as the main contractor.  T&T 
undertook the construction observation, supervision and provided the technical design support while 
Opus acted as Engineers to the project, as well as retrospectively obtaining the necessary resource 
consents.  As remedial works progressed it became apparent that the anchor installation could only 
realistically start after the end of the earthworks season, when the weather was likely to deteriorate.  
There was therefore a risk that target factors of safety would not be achieved before the on-set of 
winter 2009.  This could have required residents to re-evacuate their properties over winter, which was 
not an acceptable scenario. 
 
T&T identified an opportunity to cost effectively change the design balance of the stabilisation works.  
The proposed design change decreased the number of ground anchors required to restrain the 
landslide compensated by increasing the total earthworks volume.  The design optimisation had no net 
effect on the total cost of the remedial work, project completion date or finished factor of safety.  
However, it allowed for a more rapid improvement in the overall stability of the slope to reduce the risk 
of residents being evacuated from their dwellings.  
 
This opportunity was seized and it provided a positive outcome for all parties.  The residents could 
remain in their homes over winter, which was a great relief for the residents as well as the EQC and 
MCC who would otherwise have had to find alternative accommodation.  The risk to the construction 
works was further minimised and the Contractor was able to take advantage of unexpectedly fine 
weather towards the end of the 2008 – 2009 earthworks season to complete a significantly increased 
volume of earthworks. 
 
So, half way through the project T&T found themselves undertaking a significant redesign of the 
stabilisation work increasing the earthworks volume from 65,000 m

3
 to approximately 110,000 m

3
 

while reducing the total number of ground anchors from 70 to 45.  Changes were also made to the sub 
horizontal bored drainage geometry, the reinforced earth fill buttress and anchor locations to assist 
with the Contractor‟s preferred construction methodology.  These design works were again carried out 
under time pressure, with plant operating onsite and operators in daily contact with the designers. 
 
The earthworks were supplemented by drainage works installed by the specialist sub-contractor 
Geovert Limited (Geovert).  Approximately 4,000 linear metres of inclined bored drains were installed, 
which generated significant volumes of water and had a measureable effect on controlling the water 
pressures in the slope.  Some drains encountered water (typically 60 m to 80 m into the hill from the 
toe of the slope) and have continued to flow steadily indicating they have intercepted ground water 
springs.  Other drains yielded an initial flow of water, trapped within local reservoirs within the 
landslide mass, which dried up after several days of flow.  Other drains did not encounter any ground 
water at all.   
 
During construction T&T, in conjunction with the Contractor, was constantly reviewing and modifying 
the drainage works to target the zones below the landslide which yielded the largest quantities of 
water. Overall the sub horizontal bored drains yielded significant volumes of water and  had a 
measureable effect, both by reducing and limiting the water pressures in the rock beneath the 
landslide.  Since the installation of the sub horizontal bored drains, no further movement of the 
landslide has been detected by the inclinometers installed in the boreholes, even following relatively 
high intensity rainfall events in June and July 2009. 
 
Following completion of earthworks in May 2009, 45 high capacity, post-stressed 14 strand ground 
anchors up to 52 m long have been installed by Geovert to provide additional restraint to the hillside.  
Load acceptance testing to 2800kN was undertaken on all of the anchors prior to being permanently 
locked off at 1,850kN.   
 
The earthworks, shear key, buttress and drainage works effectively stabilised the landslide (proved by 
the June and July 2009 rainfall events) increasing the slope stability safety factor to between an 
estimated 1.3 and 1.35.  The additional 45 high capacity, stressed ground anchors have been installed 
to provide additional restraint to the hillside to bring the calculated slope stability safety factor up to the 
target value of 1.5.  The stabilisation component of the works is now complete and this provides for 
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the safe operation of the Clevedon to Kawakawa Bay Road, the artery of the local community and for 
the residents living downslope. 
 
The project has seen excellent interaction between all affected parties to achieve a rapid solution that 
alleviated both short and long term consequences of the failure of the hillside for both the adjacent 
property owners, road users and the wider community. 
 
9 DISCUSSION AND CONCLUSIONS 
 
The most significant challenge of this project was the extremely tight investigation, design and 
construction programme which was necessary to enable substantial completion of the earthworks 
before the end of the 2008–2009 earthworks season, less than a year after initial landslide movment 
was identified.  From a design perspective it would have been desirable to monitor the instrumentation 
for a full winter season to develop a better understanding of the landslide mechanisms before 
embarking on the detailed landslide stabilisation scheme.  However, with the imminent risk of the 
landslide inundating part of the Kawakawa Bay community, leaving the slope for a season to obtain 
the monitoring data for the optimal remedial slope stabilisation design was not an acceptable option.  
The main focus of all involved parties was to achieve an acceptable increase in the slope stability 
safety factor before the onset of the 2009 winter period sufficient to minimise the risk of slope failure 
occurring (inundating the houses and the road below). 
 
Due to the extremely tight design and construction programme outlined above, as well as tight budget 
constraints, the development of the design required innovative and creative thinking.  Many of the 
complexities mentioned above required innovative approaches and solutions, adapting and developing 
the design based on actual field observations of the environment and construction processes. 
 
Ground anchors have not usually been used to restrain landslides of this scale in New Zealand, mainly 
because the requirement for incorporating an engineered restraining structure such as a retaining wall.  
Such structures for deep landslides on the scale of this project would be cost prohibitive , and so the 
solution using concrete precast panels and high capacity anchors was developed.  Prior to the 
construction of the production ground anchors, two trial anchors and precast concrete panels were 
installed and successfully proof loaded to demonstrate the validity of the anchor design concept and 
assumptions.  The key conclusions from the test anchor results were that bond stresses in excess of 
1,500 kPa were proved in the underlying Greywacke rock and face plate bearing capacity pressures in 
excess of 600 kPa were proved on the overlying residual soils. 
 
A significant factor in the successful implementation of the stabilisation works was the utilisation of a 
combination of stabilisation measures, which provided for flexibility and adaptability in the design 
configuration.  During the works T&T identified an opportunity to cost effectively change the design by 
adjusting the relative contributions of earthworks and anchors while maintaining the effectiveness of 
the overall solution. 
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