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International Society for Rock Mechanics  
Australasia VP Report�: September 2011

This report describes ISRM related activities in 
Australia and New Zealand for the period to June 2013. 

New NZGS ISRM Representative
In April, the NZGS board appointed Mr Stuart Read as the 
new ISRM representative, replacing Marc Andre Brideau, 
who has returned to Vancouver. We wish Marc-Andre the 
best in his new role. 

Stuart’s roles as ISRM representative will include:
• �Liaising with the NZGS members affiliated with 

ISRM;
• �Attending NZGS Management Committee meetings 

(expenses will be reimbursed for travel);
• �Representing NZGS matters to the wider ISRM 

community at conferences or other international 
meetings as required;

• �Liaising with the current ISRM Vice President for 
Australasia, Dr David Beck; and

• �Preparing quarterly reports for the Management 
Committee meetings and reports for Geomechanics 
News.

2nd ISRM Online Lectire
ISRM online lectures are an initiative of the Young 

Members Presidential Group. The 2nd online lecture was 
held on 28 May 2013, titled ‘Solving the unsolved problems 
in rock mechanics and rock engineering’, presented by 
Emeritus Professor John Hudson. 

The 1 hour lecture was recorded and can be viewed at 
www.isrm.net .

EUROCK 2014 
Eurock will be held in Vigo, Spain, 27-29 May 2014. The is 
now available http://www.eurock2014.com 

ISRM Presidential elections
The election for the next ISRM President for the term 
of office 2015-2019 will take place at the ISRM Council 
Meeting held in association with the EUROCK 2013 
Symposium in Wroclaw, Poland, on 22 September 2013, 
whereupon the successful candidate will become the 
President-elect for the two years until 2015.

One nomination was received by the deadline of 22 
March 2013. The presidential candidate is Dr. Eda Quadros 
from Brazil.

As part of the current ISRM Board’s modernisation 
programme, the potential candidates were asked to provide 
videos of their background and intentions. The video of Dr 
Quadros can be viewed via the link below together with 
the candidate’ nomination documents.

Former ISRM Vice President Dr François Huezé 
passed away 2012-11-20 
Dr François Huezé, former ISRM Vice-President for 
North America (2003-2007), passed away on 8 October 
2012 after fighting a long illness, at the age of 70.

He was born in Algeria in 1941 and started his career 
in the long-wall coal mines of eastern France in 1962. He 
moved to the United States at 25, where he graduated 
from UC Berkeley with a PhD in Civil Engineering. As 
an educator, researcher and consultant, he worked and 
published in all areas of Rock Mechanics: in-situ testing 
and monitoring, numerical and physical modelling and 
laboratory testing. He was acknowledged as a world-
renowned expert in Rock Mechanics and Geological 
Engineering, and his last position was as Leader of 
Geotechnical Programs at Lawrence Livermore Laboratory.

 Dr Heuzé was President of the ISRM National Group 
of the USA, ARMA, a most active ISRM Vice-President 
for North America during the term 2003-2007 and a 
candidate to the ISRM Presidency.

The Rock Mechanics fraternity is poorer for his loss 
and, at this time, our thoughts are with his family and close 
friends. 

First bulletin of the ISRM 2014 International 
Symposium - ARMS8, in Japan
The first bulletin of the 2014 Asian Rock Mechanics 
Symposium, ARMS8, is now available for download. 

 ARMS8 is the 2014 ISRM International Symposium 
and will take place 15-17 October in Sapporo, Japan.

The theme of the symposium is ‘Rock Mechanics 
for Global Issues – Natural Disasters, Environment and 
Energy’. The goal of the symposium is to respond to those 
issues and to promote the exchange of knowledge and 
experiences in various areas of the rock mechanics and 
rock engineering.

More details are available at http://www.rocknet-japan.
org/ARMS8/index.htm

Keynote lectures of the New Delhi 2010 ARMS 
online
The videos and presentations of the keynote lectures of 
the 2010 ARMS held in New Delhi, India are now online. 
ISRM members can watch the full length lectures, which 
are accompanied by the powerpoint presentations:

• �Rocha Medal Winner - Dr. Jan Christer Andersson 
from Sweden

• �Dr. John A. Hudson, Imperial College, UK - 
Underground Radioactive Waste Disposal - The 
Rock Mechanics Contribution
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How much frustration would an engineer suffer ?
To discover to one’s horror that a plaxis file or key project document is suddenly corrupted
after weeks of runs and re-runs ! And to fall back to a backup copy means a tedious rework on
a not so recent version all over ?
What would be the impact to the project schedule to start rebuilding that file all over ?
No ! this is not fiction, it actually happened this year ! !
Would automatic backup & secured synchronization over Cloud afford Huge relief if this ever
happens to you ? Would shared mobile access via Apple, Android & WIN/8 devices be a plus ?

 
The answer is the low-cost Syncplicity Business edition ! ! !  

For a trial license and any further information please contact : 
Techsoft Australasia Pty Ltd 

Tel : +612 8257 3337 Fax : +612 8257 3399 Email : inquiries@techsoft.com.au  

• �Prof. Maurice Dusseault, University of Waterloo, 
Canada – Deep Injection Disposal: Environmental 
and Petroleum Geomechanics

• �Dr. Shinichi Akutagawa, Kobe University, Japan - 
On Site Visualization as a New Paradigm for Field 
Measurement in Rock Engineering

• �Prof. Herb Wang, University of Wisconsin, USA - 
Deep Underground Instrumentation and Monitoring

• �Prof. Giovanni Barla, Politechnico di Torino, Italy 
- Progress in the Understanding of Deep-Seated 
Landslides from Massive Rock Slope Failure

• �Prof. Yossef H. Hatzor, Ben-Gurion University of 
Neger, Israel - Modelling Dynamic Deformation in 
Natural Rock Slopes and Underground Openings 
with Numerical DDA Method

• �Dr. C. Erichsen, WBI, Germany – Challenges in the 
Design and Construction of Tunnels in Jointed Rock

• �Prof. Guowei Ma and Prof. Yingxin Zhou, 
Singapore - Rock Dynamics Research in Singapore: 
Fundamentals and Practices

• �Prof. Xia-Ting Feng, Institute of Rock and Soil 
Mechanics, China - Application of Intelligent Rock 
Mechanics Methodology to Rock Engineering

• �Dr. John Read, CSIRO LOP Project, Australia – 
The Large Open Pit Project

Upcoming meetings
18-20 June 2013, Shanghai, China – SINOROCK 2013 
– Rock Characterization, Modelling and Engineering 
Design Methods – an ISRM Specialized Conference
20-22 August 2013, Sendai, Japan – The 6th International 
Symposium on Rock Stress – an ISRM Specialized 
Conference
21-26 September 2013, Wroclaw, Poland – EUROCK 
2013 – Rock Mechanics for Resources, Energy and 
Environment - the 2013 ISRM International Symposium
26-28 May 2014, Vigo, Spain – EUROCK 2014 – Rock 
Engineering and Rock Mechanics: Structures in and on 
Rock Masses – an ISRM Regional Symposium
15-17 October 2014, Sapporo, Japan – ARMS 8 – 8th 
Asian Rock Mechanics Symposium – The 2014 ISRM 
International Symposium
10-13 May 2015, Montréal, Canada – ISRM 13th 
International Congress on Rock Mechanics
7-9 October 2015, Salzburg, Austria – EUROCK 2015 – 
Geomechanics Colloquy – an ISRM Regional Symposium

Dr David Beck
Vice President Australasia







Perry Geotech Limited
office@perrygeotech.co.nz

Tel: 07 578 0072

 CPT5 (on its way from Holland), CPT4
(currently in Chch), CPT3 (based in the Nth
Island), CPT2 (Nth Island based), CPT1 (Sth
Island based) are here to service all your
Cone Penetration needs.

 Perry Geotech has the experience and
technology to provide you with data you can
rely on.

 We have various types of cones covering a
wide range of sizes, capacities & applications.

 Our rigs operate SCPT, SCPTu, CPT, CPTu,
SMP, Temperature cones, FFL electronic
Geonor, Vertek soil sampler.

 When you think CPT think Perry Geotech.

www.perrygeotech.co.nz
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Academic News – Canterbury University Update  

Current ME and PhD Research Underway  
at the University of Canterbury,

Catherine Tatarniuk (PhD started March 2010): Deep 
Soil Mixing as Slope Stabilization Technique in Northland 
Allochthon Residual Clay Soil. This study involves the 
investigation into the influence of soil structure on the 
properties of Northland Allochthon residual clay soil, and 
the behaviour of Deep Soil Mixed (DSM) columns as used 
for road slip repair in this problematic soil type. Numerical 
modelling has been used to examine the effects of soil 
property changes that occur in the soil surrounding DSM 
columns, as well as soil arching and the group behaviour 
of the columns. Three dimensional numerical modelling is 
being used to examine how the columns can be modelled 
effectively in two dimensions.

Muhamad Yusa (PhD started June 2010): Ageing and 
Creep of Silty Sand. A number of field and lab evidence 
suggest that mechanical properties of freshly disturbed or 
deposited sand containing fines (e.g. silty sand) are time-
dependent. This study aims to investigate the effects of 
creep induced ageing to macro-mechanical properties 
(e.g. stiffness and strength) of silty sand utilizing advanced 
triaxial testing with local LVDT measurements. Micro 
structural changes are examined using advanced image 
analysis to understand ageing mechanism of silty sands. 

Kelly Robinson (PhD started July 2010): Liquefaction-
induced lateral spreading in Christchurch urban areas during 
the 2010 Darfield/2011 Christchurch Earthquakes. The 
lateral spreading triggered by the extensive liquefaction 
in the 2010-2011 earthquakes caused significant damage 
to structures and lifelines in proximity to the streams and 
rivers throughout Christchurch and surrounding suburbs. 
Current methods used in practice for predicting such 
failures are limited. This project aims to document the 
lateral spreading that occurred during the 2010/2011 events 
(at over 100 locations), characterize the site and seismic 
demand conditions in the areas investigated, and analyse 
the results in order to provide a better understanding of 
the observed displacements and to improve the ability to 
model/predict lateral spreading.

Anna Winkley (ME started February 2011):   Impacts of 
liquefaction and lateral spreading on bridge pile foundations in the 
February 22nd Earthquake.  The purpose of this research is 
to document and analyse the performance of several case 
study bridges with pile foundations in the February 2011 
(Christchurch) earthquake.   In particular, typical modes 
of bridge/pile deformation associated with liquefaction 
and lateral spreading are identified.  Pseudo-static analyses 
including parametric variations are carried out on two of 
the bridges in order to assess the relevance of pseudo-static 
analysis as a simplified seismic modelling tool.

Kelvin Loh (ME started February 2011): Seismic 
performance and progressive failure mechanism of geosynthetic 
reinforced soil walls. This project involves shake table tests 
on scaled-down models of geosynthetic reinforced soil 
walls. The study investigates the effects of reinforcement 
configuration, backfill densities and backfill surcharge 
on key parameters of the seismic response such as wall 
displacement, development of shear strain localization, 
reinforcement loads and acceleration amplification. The 
results will provide an in-depth understanding of the 
deformation characteristics of GRS walls, and insights for 
the seismic design of reinforced soil walls.

Reported by: Misko Cubrinovski
Department of Civil and Natural Resources Engineering                                                                                                   
University of Canterbury
Email: misko.cubrinovski@canterbury.ac.nz

We can supply you with all your field equipment 
requirements from Nuclear Density Meters to Scala 
Penetrometers. For sale and hire call our friendly team.

Heavy Duty Scala Penetrometer
• Available in standard or heavy duty models 

•  Heavy Duty Scala has components made from higher  
tensile material. Available in heavy duty upper assembly  
only or heavy duty to 1 m

•  Suitable for investigation up to 5 m (material dependant).

Auger
•  T-handle, extensions and Auger head in a canvas carry bag 

• Standard auger head is 50 mm Ø

• 70 mm and 100 mm heads also available. 

Geotechnics Impact Tester 
•  Meets internationally recognised ASTM and standards

•  Extremely useful tool can be used on wide range of 
construction materials 

•  Simple correlation from the impact value to an inferred CBR.

Shear Vane - Geovane 
•  Determines strength of cohesive soils 

•  Reading in kPa and Nm

•  Measures up to 240 kPa 

•  19 mm or 33 mm vane blade for different strength materials 

•  Widely accepted engineering tool.

Nuclear Density Meter
•  Quickly and accurately measures density and moisture  

content of soils and aggregates

•  Can be used for asphalt thin lift measurements 

•  Plateau tests to determine ultimate number of roller passes 

•  Automatically calculates moisture, air voids and % compaction  

• Simple to use

• Full assistance on any use, safety or licensing requirements. 

Field testing equipment

GEOTECHNICS LTD   
P. 0508 223 444 www.geotechnics.co.nz

PRODUCTS • TESTING • HIRE • MEASUREMENT • CALIBRATION

Auckland, Hamilton, Tauranga, Wellington and Christchurch
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The Pike River Royal Commission Report: Lessons for the Geotechnical Profession

On the 19th November 2010 there was an explosion at 
the Pike River underground coal mine on the West Coast 
of the South Island. Twenty nine men underground died 
while two men in the stone drive managed to walk out of 
the drift.  In the days following the first explosion further 
explosions occurred and an underground fire developed.  
The Royal Commission of Inquiry1 was established in 
December 2010 to report on the causes of the tragedy 
and determine what should be done to prevent future 
occurrences.

The intentions of this review are to highlight some 
of the issues relevant to the geotechnical profession and 
discuss interactions with the geo-disciplines in relation to 
the findings of the commission.

The terms of reference for the Royal Commission 
were wide ranging including the cause of the explosion 
and loss of life, the practices at the mine in relation to 
compliance and safe working conditions, the search, 
rescue and recovery operation as well as the regulatory 
framework and Government agencies involved – formerly 
the Department of Labour (DoL) and the Ministry of 
Economic Development (MED), now both part of the 
Ministry of Business, Innovation and Employment (MBIE).  
The Royal Commission produced a final report consisting 
of two volumes; Volume 1 is an overview with Volume 2 
containing the detailed information. Volume 2 is divided 
into two parts, the first part deals with what happened at 
Pike River while the second part looks at proposals for 
reform.

For background information, the Pike River Mine 
is located in the remote country 45km north-east of 
Greymouth.  The coal seam lies mainly within the Paparoa 
National Park and to develop the surface infrastructure 
for the mine, a 7km road was constructed from the 
processing plant through Department of Conservation 
(DoC) estate to the mine site.  It should be noted that the 
Pike River Mine is unconventional in that the access to the 
underground mine is via a 2.3km inclined stone drive, with 
the portal at the mine site and driven uphill to intercept 
the coal seam through the Hawera fault.  The ventilation 
circuit is completed by a shaft excavated from surface in 
rugged terrain above the coal seam.  The construction 
of the stone drive and ventilation shaft were challenging 
projects on their own and had strong geotechnical inputs.  
The mine was developed up-dip with panels set out to 
allow for hydro monitoring of coal with flumes taking the 
coal to pit bottom where it was pumped as a slurry down 
to the processing plant.  The roadways were developed 
using ABM machines (continuous miners).   The mine was 
in the early development phase with the first small hydro 
panel being extracted at the time of the explosion.  A 

further complication was that the main ventilation fan was 
situated underground close to the ventilation shaft.  This is 
apparently, according to one expert witness, the only coal 
mine in the world where the main fan was underground.  
One of the factors influencing the decision to locate the 
fan underground rather than surface was the concern over 
environmental issues and permitting. Due to delays (mainly 
from geological factors such as faulting) and lack of finance, 
the mine was behind schedule and in urgent need of 
production to generate capital.

Geological consultants presented evidence to the 
commission that the level of exploration was insufficient to 
fully delineate the coal seam, particularly in an area close 
to major faults. They concluded that the mining company 
should have carried out more drilling before progressing 
to development.  The initial reserve estimation was carried 
out by an Australian company and was more concerned 
with the volume, ash and sulphur content of the coal rather 
than the amount of displacement within the seam. 

In investigating what happened at Pike River the Royal 
Commission reviewed the organisational factors, mine 
systems and likely cause of the first explosion.  Under the 
organisational factors there are a number of issues which 
are of interest.  The percentage of inexperienced personnel 
working underground (known as ‘cleanskins’ in the mining 
industry) was considered to be very high at Pike River, 
some 40-50% although this figure might be higher if the 
contractors were included.  

Pike River set out to create and implement good 
training programmes for its novice workforce and 
induction training for new employees was considered to 
be comprehensive. However they struggled to maintain 
this due to under-resourcing and work pressures preventing 
the release of miners from their crews to attend follow-up 
training sessions.  

The management of contractors was seen as a real area 
of concern.  No one from Pike was responsible for their 
management. The quality of contractor induction was 
inadequate and in some cases non-existent.  Also safety 
performance audits of contractors were required under the 
H&S management plans however these were not carried 
out.  The Commissioners found these shortcomings to be 
unacceptable since the contract workers were exposed to 
the same hazards and should have received the same level 
of induction training as the miners. 

In looking at the role of the Board of Directors, the 
Commission took the view that corporate governance 
encompasses setting the strategic direction of the company 
and appointing and monitoring capable management to 
achieve this.  It is clear from this view that the directors 
must not only lead but also monitor management and 
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hold it to account.  The Board of Pike was heavily 
focussed on meeting production targets and financing. 
Two independent reports in 2010, a comprehensive risk 
survey by the company’s insurers and a review of legislative 
compliance conducted by a NZ mining consultancy, 
expressed concerns over safety issues.  When questioned by 
the Royal Commission on these reports, the Chairman of 
the Board expressed the view, that health and safety were 
the responsibility of the health and safety manager, who 
was in charge of the corporate safety management plan, 
and the mine manager.  He felt the Board did not need to 
be actively involved in these matters.  His general attitude 
was that things were under control, unless told otherwise. 

The Commission stance was that this approach is not in 
accordance with the good governance responsibilities and 
they made three recommendations: 

• �The statutory responsibilities of directors for health 
and safety in the workplace should be reviewed to 
better reflect their governance responsibilities.

• �The health and safety regulator should issue an 
approved code of practice to guide directors on how 
good governance practices can be used to manage 
health and safety risks.

• �Directors should rigorously review and monitor their 
organisation’s compliance with health and safety law 
and best practice.

It is clear from these recommendations that directors 
of organisations which are involved in hazardous activities 
must be proactive in respect to Health and Safety.  

Without access to the mine after the explosions and fire, 
the Royal Commission can only speculate on the cause 
of the first explosion.  They put forward the most likely 
scenario that a plug of methane gas from a fall in the hydro 
panel flooded the roadways and was ignited.  The source of 
the ignition is likely to be electrical as the pumping system 
had been turned off for maintenance and was switched on 
seconds before the explosion.

The Royal Commission reviewed the factors that 
contributed to the event with particular attention to the 
ventilation, location of main fan and gas monitoring.  
The decision to move the main fan from surface to 
underground in the stone drive, then with the relocation 
of the ventilation shaft, to pit bottom in coal was seen as a 
case of incremental decision making without completing a 
full risk assessment of the system at each stage and revisiting 
previous decisions. The commission concluded that the 
placement of the main fan underground was a major error, 
aggravated by the failure to adequately protect the fan 
motor against methane ingress.

There had been a number of incidents of roof falls within 
the hydro panel and potentially explosive levels of methane 
had been detected by gas monitors near the ventilation 
shaft. One on 30th October 2010 was significant, the fall 
damaged the hydro monitor and the wind blast knocked 

over a stopping in a cross cut.  The stopping prevents intake 
(fresh) air short-circuiting to the return airway. After this 
event there was no risk assessment of further roof falls and 
mining continued in the hydro panel, with methane spikes 
reporting to the gas monitors at the ventilation shaft.

Consultants had been commissioned by the mine to 
give advice on technical issues in the period before the 
first explosion. Ventilation was of particular importance 
and the ventilation consultant gave evidence to the Royal 
Commission.  The mine employed a geotechnical engineer 
and used consultants to advise on such matters as strata 
control, caving and subsidence. The consultants were 
not called by the Commission to give evidence directly, 
however their reports are referred to by the commissioners 
to flag concern over the various issues addressed, such as 
potential for caving and methane release to mine air and 
wind blast from caving.  The geotechnical factors along 
with many other issues which were related to health and 
safety deficiencies were well documented and recognised 
but not acted upon by the mine.

The Royal Commission’s criticism of the Department 
of Labour (DoL) and Ministry of Economic Development 
(MED) precipitated the CEO of the new government 
organisation to commission a report2 on the role played 
by both departments.  This investigation found in respect 
to the DoL, that there was no individual culpability but 
systemic failures at an organisational level.  They comment 
“the DoL’s performance as a Health and Safety regulator 
was dysfunctional and ineffective.”

On reflection it is difficult to see what more: individuals 
employed by the mine, contractors and consultants could 
do to change events when faced with:

• �A Government agency tasked with regulating  
to the industry, which was woefully  
under-resourced and lacking in trained inspectors.

• �A regulatory system which relied on self regulation 
and ‘best practice’ as opposed to the highly 
prescriptive approaches employed in NSW and 
Queensland.

• �A mining company under extreme financial pressure 
to produce coal in challenging mining conditions.

• �A workforce with a high management staff turnover 
and a large proportion of inexperienced miners.

As the Royal Commission notes this is not the first 
mining disaster in New Zealand and it is evident that lessons 
from past failures have not been heeded.  The Commission 
proposed many reforms and an implementation plan has 
been set up under the MBIE with an expert reference 
group for support. In 2011 a High Hazards Unit was 
established to monitor and control the mining and 
petroleum sectors.

As a legacy to the 29 men who lost their lives at Pike 
River, the Industry must improve health and safety in the 
workplace.  Everyone working in the industry in whatever 
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Register of Professional Engineering Geologists (PEngGeol)

The statutes of the International Association for 
Engineering Geology and the Environment (IAEG, 1992) 
define Engineering Geology as “the science devoted to 
the investigation, study and solution of engineering and 
environmental problems which may arise as a result of the 
interaction between geology and the works and activities 
of man as well as to the prediction and development of 
measures for prevention or remediation of geological 
hazards.”

On 3 April 2013, the register for professional engineering 
geologists was established with the assessment of a small 
crowd of engineering geologists from around the country, 
each with well over 20 years’ experience in the field. This 
group has undertaken training to act as practice area assessors 
for applications received by IPENZ in engineering geology. 
The register recognizes the important benefits engineering 
geologists provide to the engineering profession. Already, 
some regulators are looking to use the PEngGeol quality 
mark as a benchmark of current competence.

Geotechnical practice encompasses the general fields of 
both geology and civil engineering. Specialisation within 
both disciplines has led to the recognition of “engineering 
geology” and “geotechnical engineering” as distinct fields 
of professional practice. The engineering geologist is 
responsible for predicting the nature of the ground, while 
the geotechnical engineer is responsible for analysing 
how it will respond to changes brought about by physical 
engineering works.

Engineering geologists and geotechnical engineers are 
not interchangeable, although their skill sets might overlap, 
as each has separate skills, functions and responsibilities. 
Only with close collaboration between the two can 
site conditions be adequately assessed to arrive at an 
economical and stable design.

Registrants on the Professional Engineering Geologist 
register are able to use the ‘PEngGeol’ postnominal. 
Guidelines for Professional Engineering Geologists can be 
found at www.ipenz.org.nz/IPENZ/finding/PEngGeol/.

The need for a register of Engineering Geologists in New 
Zealand was recognised at the enquiry into the Abbotsford 
landslide that occurred in 1979 – its establishment, albeit 
some 34 years later, is cause for celebration!

Reported by: Ann Williams
NZGS PEngGeol working group

Above: Assessment of the first small crowd of engineering 

geologists for PEngGeol. Left to right: Debbie Fellows, Ann 

Williams, Warwick Prebble, David Burns, Bernard Hegan, John 

Underhill, Doug Johnson, Dick Beetham, David Bell, Stuart Reed, 

Don MacFarlane, Geoff Farqhuar (some 375 years' experience in 

engineering geology)

Above: Celebrating the birthday of PEngGeol

Above: Assessor training: Warwick Prebble, Don McFarlane and 

David Burns
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New Year Honours Awards

Four NZGS members were recognised at investiture 
ceremonies for people named in the 2013 New Year 
honours lists. The Governor-General, Lt Gen The Rt Hon 
Sir Jerry Mateparae, presented insignia to four Tonkin & 
Taylor geotechnical engineers at the investiture ceremonies 
at Government House in Wellington and Auckland in May.
New Year honours have recognised the contributions 
of engineers Nick Rogers, Dr Sjoerd Van Ballegooy, 
Mike Jacka and Kate Williams for their work with the 
Government and EQC, and commitment to communities 
following the Canterbury earthquakes. 

Attending the formal ceremony with work colleagues 
and family was “an amazing honour and proud experience” 
said Kate Williams, T&T Wellington operations manager. 
“We are very proud of the multiple awards and acknowledge 
all our hard working staff,” says T&T Managing Director 
and NZGS member Doug Johnson. 

THE QUEEN’S SERVICE MEDAL
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Mike Jacka, for services as a geotechnical engineer Kate Williams, for services as a geotechnical engineer

Honorary Companion: Dr Sjoerd Van Ballegooy, for services 

to geotechnical science

THE QUEEN’S SERVICE ORDER

Honorary Companion: Nick Rogers, for services as a land 

damage assessor
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2012 NZGS Student Presentation Awards – Poster Competition

In 2012 a new initiative was started for the NZGS Student 
Awards. A poster competition was undertaken rather 
than the traditional written synopsis and presentation 
in order to revitalise the award and reinvigorate interest 
and participation from students. Students were required 
to submit an abstract for their poster as part of their 
registration for the award and then prepare a poster 
that would clearly and concisely present their work in 
geotechnical engineering or engineering geology.

A record number of students registered for the 2012 
Student Awards and produced posters of a very high 
standard. A wide range of topics were covered by the 25 
student submissions from the University of Auckland, 
University of Waikato, and University of Canterbury.

Three prizes were available – 1st, 2nd and 3rd place with 
monetary values of $1000, $500 and $300 respectively. The 
posters were displayed at an event run in Auckland on 27 
November coinciding with a presentation by Professor 
Michael Davies. The posters were also displayed at events 
on the same evening in Hamilton and Christchurch and 
Professor Davies presentation was live streamed to those 
events. Attendees on the night were able to vote for their 
top three posters and these votes were considered by the 
judging panel of CY Chin, Ann Williams and Pierre Malan 
in making their final decision.

The award winners were announced on the night 
and the judges noted that the quality of the posters was 
outstanding and made their final decision very difficult. 
They decided that due to the high quality of posters they 
would award 5 additional merit prizes with a monetary 
value of $50 for the students that just missed out on a top 
three spots.

The winners were:
Xiaoyang (Gary) Qin [Co-author: Wai Man Cheung] - 

A numerical and experimental study of SSI using a lamina 
box on a shake table, University of Auckland.

Julian Lees [Co-author: Rowan Ballagh] - CPT 
Analysis of Liquefaction and Re-liquefaction, University 
of Auckland.

Michael Cunningham - Geotechnical changes inherent 
in the breakdown in structure of sensitive rhyolitic soils in 
the Tauranga/Bay of Plenty region, University of Waikato.

  

Merit prizes:
David Chiswell [Co-author: Benjamin Probett] - 

Numerical Analysis of the Victoria Park Tunnel, University 
of Auckland.

Catherine Tatarniuk - Numerical Modelling of 
Laterally Loaded Deep Soil Mixed Columns, University 
of Canterbury.

Josh Bird - The Internal Mechanics of Debris Flows, 
University of Canterbury.

Merrick Taylor - Assessment of Liquefaction Hazard 
using Effective Stress Analysis, University of Canterbury.

Oliver Deutschle [Co-author: Marc-Andre Brideau] - 
Characterisation of Geotechnical Units on Mt Taranaki 
and Influence of Ediface Stability, University of Auckland.

Congratulations to all the 2012 NZGS Student Award 
winners and a big thank you to all the students that got 
involved in this successful event. The winning posters are 
included in this issue of NZ Geomechanics News.

The 2013 NZGS Student Awards will be run as a poster 
competition again. It is planned to display the posters at the 
NZGS Symposium in Queenstown in November. Judging 
will be undertaken and the winners announced at the 
Symposium. Students, start preparing ideas for your poster 
this year and members, encourage students to get involved.

Reported by: Luke Storie
NZGS YGP Representative
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Student Posters
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wall backslope, and the method of construction are all 
likely to have played a part in determining whether any 
given section of a stone wall has collapsed or not.

Photograph 2 shows another example of a stone wall but 
in contrast to that in Photograph 1, mortar has been placed 
between the blocks at some point.  It can be seen that 
the recent earthquakes have caused the wall to crack into 
discrete “panels” but the wall has not suffered complete 
collapse. 

It appears from the above two examples that a cost 
effective measure of reducing the risk of complete collapse 
of stone block facing walls would be to point them.

2.2	 Concrete Crib Walls
Similar to stone walls, the general performance of concrete 
crib walls has been extremely variable. Although the 
factors listed above all probably play a part in determining 
the degree of damage suffered, it appears from recent 
inspections that a key factor governing the resilience of 
concrete cribs is the degree of face vegetation which, 
crucially, seems to have held the infill stones in place. It 
is conceded that formal research testing this observation, 
has not been carried out and this is an impression based 
on a few inspections only. Nevertheless, it does appear to 
the authors that highly vegetated concrete crib walls have 
faired better.  Photographs 3 and 4 below show examples 
of these two types of behaviour.

Photograph 4: Vegetated crib – fill intact & in good condition.

2.3 	 Timber Pole Walls
Generally, timber pole walls appear to have been among 
the most resilient in the recent earthquakes.  Relatively 
few appear to have suffered completed collapse but two 
key observations coming from the recent inspections in 
Christchurch are:

Timber pole walls have not faired well on outside 
corners (see Photograph 5)

The flexibility of timber pole walls appears to have 
reduced damage to the wall itself but the footway and road 
behind have suffered subsidence and cracking due to the 
high degree of seismic movement.

	

Photograph 5: Timber pole wall – damaged corner section

3.0	 Anchored King Post Retaining Walls – 
Performance of Anchors
The Cunningham Terrace Retaining Wall and Maffeys 
Road Retaining Wall were both concrete crib walls 
and both failed during the February 2011 Christchurch 
Earthquake. Maffeys Road Retaining Wall is in Mt Pleasant, 
a suburb on the edge of the Port Hills and reaches about 
7.5m in height.  Cunningham Terrace has an average height 
of about 4 m and is located within the steep residential 

Photograph 2: Stone block wall with cracked “panels”

Photograph 3: Unvegetated Crib – fill loss and collapse.	
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streets of the port town of Lyttelton. 
Cunningham Terrace Retaining Wall and Maffeys Road 

Retaining Wall are being rebuilt as anchored king post 
walls. The design working load for the anchors of both 
walls was 100kN. These are distal plate anchors, comprising 
of a plate secured at the end of a 32mm bar, grouted within 
a 110mm diameter novacoil sheath. The bar is debonded 
from the grout to transfer the load to the distal plate. These 
prefabricated units were installed in 165mm diameter drill 
holes and grouted.  

All the anchors for Maffeys Road Retaining Wall were 
installed and bonded 5m in rock. The distance to rock 
varied across the site and anchors were installed through 
Loess or soft organic silt soils for a distance of between 
zero and 15m. 

At Cunningham Terrace Retaining Wall rock was not 
encountered and all anchors were installed in Loess. The 
strength of Loess was variable across the site and the anchor 
lengths ranged from 6m to 15m. 

All anchors were subject to acceptance testing to 150% 
of the design working load.  At Maffeys Road, where the 
anchors were bonded about 5m into rock, the measured 
extension was typically between 2mm and 8mm, with all 
the anchors fixed directly into rock generally not extending 
more than about 3mm. All anchors at Maffeys Road passed 
acceptance testing. 

At Cunningham Terrace initial testing cycles typically 
gave rise to extension of between 2mm and 15mm. The 
apparent free length was calculated for each load test and 
where the apparent free length was outside of acceptable 

Photograph 6: Intact timber pole wall with cracked road behind Photograph 7: Anchor Installation at Maffeys Road

Photograph 8: Grouted Anchors at Cunningham Terrace
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limits, as described in BS8081, further load cycles were 
carried out in order to ensure the anchor response was 
elastic. Approximately 30% of the anchors installed required 
retesting to ensure they were acceptable with 6% of 
anchors being replaced. 

Unexpected poor ground conditions meant that a 
number of anchors had to be drilled further than initially 
planned  at Maffeys Road in order to create the desired 
bond in basalt.  At Cunningham Terrace, installation was 
significantly easier in the loess but a longer bond length was 
required than for the Maffeys wall. 

4.0	� Pump Station 15 Ground Improvement 
Works – Geotechnical Aspects 

In this section, geotechnical aspects of the repair works 
at Pump Station 15 (PS15) in the suburb of Woolston are 
discussed. The ground investigation, the general site geology 
and key considerations for the ground improvement are all 
covered. 

4.1	 The Pump Station
PS15 is a terminal wastewater pumping station located in 
the eastern Christchurch suburb of Woolston. The station 
sits on a 12m diameter, 9m deep concrete caisson.  The 
caisson houses pumps and receives flow from a main trunk 
sewer line. It was knocked out of service by both February 
and June 2011 earthquakes (see photos below of the 
damage). Surveys after the February earthquake showed 
the caisson to have floated up to 400mm in relation to the 
surrounding ground. Emergency repairs quickly brought 
the station back into operation, but because of its key 
role, there was a need for more permanent repairs or a 
rebuild at another site. The pump station services a broad 
area including hill suburbs from Hillsborough to Taylors 
Mistake and residential and industrial areas in Bromley and 
Woolston.  In total it pumps wastewater for the equivalent 
of 40,000 people and when out of service for extended 

periods, raw sewage can overflow into the Heathcote River.

4.2	 Ground Investigation
Piezocone Penetration Testing (CPTu) was carried out on 
the pump station site and an adjoining block of land was 
investigated using boreholes and additional CPTu tests. 
Once a repair option had been chosen, further testing on 
the existing site was carried out which included Seismic 
Dilatometers (SDMT), boreholes and testpits. Parameters 
derived included shear wave velocity, grading (with particle 
size distribution curves), undrained shear strength, and 
friction angles. 

4.3	 Geology
The ground investigation showed the geology of the 
site to be fill in the top 2 metres overlying potentially 
liquefiable sands with silt lenses to 14-15m below ground 
level (mbgl).  Dense marine sands were encountered at 15 
to18mbgl and these overlaid 3m of softer materials before 
the dense Riccarton gravels were encountered below 21m.  
The Riccarton Gravels at the site are an artesian aquifer 
with the softer layer at 18-21m acting as an aquiclude. The 
artesian head measured was 1m.

4.4	 Ground improvement
The behaviour of the ground during the sequence 
of earthquakes since September 2010 and an analysis 
of the ground investigation data necessitated ground 
improvement to mitigate against future land damage. To 
prevent liquefaction on the site poses specific challenges 
in and around the caisson which is founded at 9mbgl. 
The need to prevent further floatation of the caisson 
and differential movement relative to pipes entering and 
exiting the pump station was a main consideration. The 
sequencing of the ground improvement to allow continued 
operation of the pump station and allow other repair 
work to continue, such as replacing pipes, will require 

Photograph 9: Maffeys Road RW as at end of March 2013 Photograph 10: Installed anchors and Waling at  

Cunningham Terrace





New Zealand Geomechanics News

62 Bulletin of the New Zealand Geotechnical Society Inc.

Waterview Connection Motorway Project

The Well Connected Alliance consisting of Fletcher 
Construction, MacDow Constructors, Beca Infrastructure, 
Tonkin & Taylor, Parsons Brinkerhoff, SICE and Obayashi 
Corporation won the contract to deliver NZTA’s Waterview 
Connection motorway project in August 2011.  The $2.4b 
project will complete Auckland’s Western Ring Route 
between SH20 and SH16, with approximately 4.8km of 
3 lane motorway between Maioro Street and the SH16 
Waterview Interchange, including twin, 2.4km, 13.3m 
diameter bored tunnels by the world’s tenth largest tunnel 
boring machine (TBM).  The project is due for completion 
in 2017.  

Due to the size of the TBM and a tunnelling requirement 
to have approximately 8m of cover over the top of the 
TBM at launch and retrieval, two significant sized portal 
structures are required at the southern and northern 
approach trenches (SAT & NAT) of the bored twin tunnels.  
Approximately 7m of additional temporary excavation 
below the final road surface is also required at both the 
portals to accommodate the circular shape of the TBM.  
This space will accommodate the portal drainage sumps 
which will collect surface stormwater and subsurface 
groundwater before being pumped into treatment ponds 

and then into Oakley Creek.  
The southern portal trench (SAT) will extend to a depth 

of 29m in the temporary case and 22m in the permanent 
situation below the surrounding ground surface while the 
northern portal is slightly shallower at approximately 25m 
in the temporary case and 18m permanently.  The SAT is 
approximately 45m wide and the NAT approximately 40m.  

The geology across the project varies substantially and 
has dictated the construction methodology at both portals.  
At the SAT, the geology consists of approximately 10m 
of basalt overlying Tauranga Group (TG) alluvial deposits 
overlying East Coast Bays Formation (ECBF).  The SAT 
location and depth required careful selection due to a 
number of constraints, including an overlying basalt aquifer, 
which the TBM needed to pass under, the 5.6% motorway 
gradient, Oakley creek stream to the immediate west and 
local residents to the immediate east.

The SAT design requires the basalt to be bolted and 
shotcreted, with a Reinforced Concrete (RC) bored piled 
wall with multiple rows of ground anchors to support 
the TG, weathered ECBF and ECBF rock, forming a 
fully drained portal structure.  The tunnels required the 
TG below the basalt to be stabilised. This necessitated 

Photograph 1: Southern Approach Trench Aerial, April 2013
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the removal of the basalt along the face and construction 
of a 7m wide stabilised block, extending down into 
unweathered ECBF rock.  The stabilised block was formed 
using continuous flight auger (CFA) piles.  The ground 
between the tunnels is retained using RC bored piled walls.  
The stabilised block forms two main functions; it prevents 
soft ground from being drawn into the TBM face chamber 
close to the portal face where earth pressure balance (EPB) 
pressures are limited and it forms an unreinforced gravity 
block retaining wall to allow the TBM to tunnel through 
the headwall face without the need to break out steel 
reinforced piles.  The ground is reformed over the stabilised 
block with the construction of a Mechanically Stabilised 
Earth (MSE) wall using precast facing panels to reinstate the 
tunnelling requirement for a minimum of 8m overburden 
at launch and retrieval.  

Photo 1 shows an aerial view of the SAT with the 
relocated Oakley creek stream to the west and local 
residents to the east.  Photo 2 shows progress of the SAT 
headwall in April 2013. 

The geology at the NAT is quite different to the SAT 
consisting of approximately 15m of firm to stiff TG 
alluvium overlying ECBF, with the groundwater level 
approximately 2m below existing ground surface.  Due 
to the softer ground and high groundwater table, the 
NAT retention consists of 1m wide diaphragm walls with 

multiple levels of structural RC props.  The portal will be 
constructed in a top down method with the roof props 
installed after the D-Walls have been completed and 
excavation then proceeding below the roof beams.  The 
first sub-level props are installed at approximately 7m 
below ground level and excavation then proceeds below 
the props.  The sequence is repeated until the base of the 
portal is reached. The TBM will start at the SAT and be 
driven to the north where it will be turned around and 
driven back to the SAT.  To accommodate the turn around, 
a 40m x 24m opening in the roof is required to remain 
open during the construction stage to allow crane access.  
Anchors through the D-Wall will be used in this location 
where internal propping is not possible.  

The NAT headwall face requires similar stabilised gravity 
block retention as formed at the SAT. However, due to the 
depth to rock at the NAT, the stabilised block has been 
formed using conventional interconnecting bored piles 
filled with flowable fill.  The front face comprises a row 
of piles with fibre reinforcement to mitigate against the 
concrete cracking and spalling under stress.  

The NAT design is further complicated by the need for 
an 11m wide x 8m deep vent tunnel to be formed through 
the eastern D-Wall.  The vent tunnel will cross Great North 
Road to a vent stack on the opposite side of the road.  

The headwall face between the bored tunnels will be 

Photograph 2: Southern Approach Trench Headwall, April 2013
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Against this background it becomes apparent why 
Aristotle can write (see earlier quote) that those who 
work at something useful for serving the necessities of life 
(a reasonable definition of engineering) are less wise than 
those who pursue recreation. Similarly, Plutarch regards the 
work of an engineer, which “ministers to the needs of life” as 
“ignoble” and “vulgar” and considered their work to be of 
very little worth.

We certainly owe the Greeks for much work in 
mathematics and science.3 However, the physical 
outworking of the discoveries made in these fields in 
the form of engineering and technology was limited by 
comparison. Judge argues that first century philosophy and 
science were “often locked into an abstract cycle of debate 
in general terms, driven more by the sheer rationality of the 
tradition than by reference to any actual social situation.”4

For the Greeks life was primarily to be understood, not 
changed. The perfect man sought to live the best life by 
escaping the world through abstract reason and this tension 
between a higher reality and physical matter gave rise to a 
dichotomy between intellect and skill. Engineering was a 
skill that lay within the ‘everyday reality’ which most would 
have preferred to leave behind in favour of the transcendent 
truer reality.5  Engineering was not considered valuable as 
it requires engagement with the physical world, with soil, 
steel, timber, rock and water. 

Social Perception of Engineering Today
Today the perception of engineering is quite different. 
Garry Macdonald, a past president of The Institution of 
Professional Engineers New Zealand (IPENZ), makes 
the following comment about the social perception of 
engineering;

“From time to time, public surveys of favourable 
occupations are published. Very often, such surveys place 
firemen, police officers, teachers, nurses and doctors and 
the like in the ‘most trusted’ occupations. When engineers 
are included, we normally fare reasonably well, often not 
far below these groups.” 6

Garry Macdonald, Past President IPENZ

Engineers within the profession certainly value their 
work because it benefits a broad cross section of society. 
Another former president of IPENZ, Anthony Wilson 
conveys this self understanding in his own assertion of the 
worth of the profession;

“When was the last time you stepped back and thought 
about what our society would be like if we could not rely 
on the built environment? How many generations is it 
in your family since you could not take for granted safe, 
readily available food, a water supply in your home, urban 
sanitation, energy (electricity and gas) on tap, reliable travel 
(by land, sea and air), just-in-time freight delivery, and 
instant communication? The answer, perhaps surprisingly, 
is three generations at most. Your grandparents could take 
none of these for granted, yet we (and I include many 
engineers with whom I talk) have forgotten just how far 
we have come in only a few decades.”7 

Anthony Wilson, Past President IPENZ

The classical Greek tradition has arguably shaped 
Western culture more than any other. However, a shift in 
the social perception of engineering has occurred since the 
first century which means that engineering is commonly 
viewed positively as a profession critical to enabling our 
society to function well. So, what caused this shift?

Two Great Traditions Shaping the Western 
Mindset and Culture
Two founding traditions predominantly shape Western 
thought and society. These traditions are the classical Greek 
world and perhaps surprisingly, a world view derived 
from Jewish origins.8 As discussed above, the philosophers 
show us that the classical Greek view of engineering is 
not flattering. However, what of the second world view 
which shapes modern western thought? This is best 
conveyed through the interesting story of Saul of  Tarsus, 
who brought both traditions starkly into contrast for the 
first time and ultimately undermined the dominant Greek 
culture.

3	 Euclid’s Elements (300 BC) is a rigorous and systematic presentation of mathematical theorems. Archimedes (287-212 BC) and 
Apollonius explored new areas of mathematical knowledge. Archimedes had a wide ranging talent which possibly brings him closest 
to work in an ‘engineering’ field, in addition to his contributions to astronomy and mathematics. He along with Ctesibius of Alexandria 
(270BC), Philo of Byzantine (200BC) and Hero of Alexandria (60BC) invented water clocks, mechanical puppets, fire pumps, steam toys 
and many military machines. Jonathan Barnes, “Hellenistic Philosophy and Science,” in The Oxford History of the Classical World: 
Greece and the Hellenistic World (Oxford: Oxford University Press, 1988), 375–378.

4	 E. A. Judge, “St. Paul as a Radical Critic of Society,” Interchange 16 (1975): 191.
5	 Most philosophers held sufficient rank and social esteem that they could avoid work and peruse this goal by indulging in rounds of 

intrigue and dialogue that marked men of leisure. Their desire for a transcendent reality reflects popular Greco-Roman thought in the 
first century.

6	 Garry MacDonald, “An Engineer’s Dilemma - Being Trusted or Valued!,” Engineering Dimension, August 2010, 2.
7	 Anthony Wilson, “The Importance of Engineering to Our Society,” Engineering Dimension, May 2009, 2.
8	 Mark Strom, Arts of the Wise Leader (Sydney; Auckland: Sophos Publications, 2007), 182.
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they related to the liquefaction and lateral spreading damage 
observations made around Canterbury.  It also introduced 
a new liquefaction vulnerability indicator, the Liquefaction 
Severity Number (LSN).  This paper summarises a more 
extensive, publicly available, report on the liquefaction 
vulnerability study that is referenced below.

�Tonkin & Taylor (2013) Liquefaction Vulnerability Study 
for the Earthquake Commission, February 2013 Ref 
52020.0200 v1.0
�https://canterburygeotechnicaldatabase.projectorbit.
com/Maps/EQC/TT-LiquefactionVulnerabilityStudy.
htm 
The liquefaction vulnerability study compares datasets 

of land and dwelling related damage observations 
from the Canterbury Earthquake Series with three 
parameters representing liquefaction vulnerability. The 
report demonstrates that a new liquefaction vulnerability 
parameter, the Liquefaction Severity Number (LSN) 
provides a better fit to observed liquefaction-induced 
damage than existing parameters such as the Liquefaction 
Potential Index (LPI) or calculated settlement (S). 

 
Background
The four most significant earthquakes in the 2010-2011 
series were the 04 September 2010, 22 February 2011, 

13 June 2011 and 23 December 2011 events.  Following 
these earthquakes, land damage mapping was undertaken, 
based on the criteria in Figure 1, to assess the extent and 
severity of surface liquefaction manifestation.  The land 
damage mapping was carried out by a team of geotechnical 
engineers who cross-checked observations to ensure broad 
consistency across their assessments.  Figure 2 shows the 
most severe observation made for each property during the 
earthquake series.

In addition to the land damage mapping, a more 
detailed damage inspection programme was undertaken 
on residential properties with Earthquake Commission 
claims for land damage.  The visually observed damage to 
the foundations of residential houses was recorded based 
on set criteria Figure 1.  Approximately 75,000 inspections 
were undertaken on around 60,000 properties (i.e.  some 
properties were re-inspected).

The foundation damage to dwellings (defined in Figure 
1) has been compiled into a database and the worst mapped 
foundation damage severity of the seven types plotted on a 
map on Figure 3. If more than one inspection was undertaken 
for the property, then the inspection with the worst foundation 
damage was plotted on Figure 3.  White areas on Figures 2 and 
3 are properties where no observations were made.  

Flown survey measurements (LiDAR) were undertaken 

Figure 2: Distribution of worst earthquake induced observed liquefaction and lateral spreading surface observations in 

Canterbury for the earthquake series
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over the affected areas of Canterbury after each of the 
major earthquakes.  From the data, bare earth surfaces were 
developed and compared to prepare models of vertical 
changes in elevation.  These models were corrected for the 
estimated tectonic deformation (Beavan et al, 2012).  The 
resulting models represent the change in ground elevation 
mainly due to liquefaction related subsidence effects 
including volumetric densification of the soil deposits, 
vertical subsidence resulting from liquefaction induced 
lateral spreading and removal of ejected material from 
the ground surface.  A map showing the total liquefaction 
related subsidence from the earthquake series is shown in 
Figure 4.  

As a result of the damage caused by the Canterbury 
Earthquake Series, the New Zealand Government has 
classified residential land in Canterbury into various 
zones and categories, shown in Figure 5. The classification 
into technical categories includes the consideration of 
calculated settlements based on methods stated in guidance 
documents (MBIE, 2013).  The calculated settlement has 
therefore been investigated as a liquefaction vulnerability 
indicator in this report.  

As of March 2013, the land damage mapping was 
supplemented by an extensive geotechnical site investigation 
program that included approximately 7,500 CPT, 1,000 
boreholes with SPTs, geophysical testing, and piezometers.  

The number of investigations will continue to increase as 
the rebuilding of Christchurch progresses.  Subsurface data 
are available through the CERA geotechnical database: 
https://canterburygeotechnicaldatabase.projectorbit.com.  
The CPT soundings in conjunction with conventional 
liquefaction triggering methods have been used as the 
primary tools to assess the depth of the critical layer 
for liquefaction triggering and to derive parameters 
representing liquefaction vulnerability.  The CPT locations 
in Christchurch of all CPT greater than 5m depth are 
shown in Figure 5.  It is noted that the spatial distribution 
of geotechnical investigation data (including CPT) are 
concentrated in the TC3 areas where ground investigations 
are required for foundation design purposes (MBIE, 2012).

Literature Review
Ishihara (1985) published observations on the protective 
effect of an upper layer of non-liquefied material against 
the effects of liquefaction at the ground surface.  He 
plotted material observations of sand ejection for sites 
using the thickness of the underlying liquefied layer 
(H2) and the thickness of the overlying non-liquefied 
surface layer (H1), often referred to as the crust.  Ishihara’s 
work was based on observations from two earthquakes 
with limited ranges of ground accelerations. Boundary 
curves were defined that separated those sites which had 

Figure 3: Distribution of worst earthquake induced foundation damage observations in Canterbury for the earthquake series
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manifestations of liquefaction at the ground surface from 
those sites that did not.

Youd & Garris (1995) added data to the Ishihara (1985) 
plot and showed that it captured their dataset from 13 
additional earthquakes.  Their conclusions were that the 
Ishihara bounds for sites not susceptible to liquefaction-
induced ground damage appear to be valid but that 
these bounds were not always reliable for predicting 
ground surface deformation for sites prone to liquefaction.  
Both studies indicated that the crust typically had a 
critical thickness beyond which surface manifestations of 
liquefaction were unlikely regardless of the thickness 
of underlying liquefied material (H2). These studies did 
not directly measure damage to structures, but instead 
considered only whether evidence of liquefaction was 
observed at the ground surface.  The conclusion drawn 
was that an upper crust of non-liquefiable material has 
a beneficial effect in mitigating the damaging effects of 
liquefaction at the ground surface.

The vulnerability of sites to liquefaction was also 
considered by Iwasaki (1982) and subsequently by Juang 
(2005).  Iwasaki’s Liquefaction Potential Index (LPI) is a 
measure of the vulnerability of sites to liquefaction effects.  
LPI is the summation of liquefaction severity in each soil 
layer, which in turn is a function of the Factor of Safety for 
liquefaction triggering (FoS), weighted by a depth factor 
that decreases linearly from 10 to 0 over the top 20 m.  
The resulting LPI varies between 0 and 100 (representing 
negligible to high vulnerability to liquefaction-induced 
ground damage).  The LPI uses a liquefaction triggering 
methodology, which incorporates the soil density and soil 
profile (which is inferred from the CPT in this study), 
depth to groundwater, and shaking severity represented by 
the Cyclic Stress Ratio (CSR) (Idriss & Boulanger 2008).  
It addresses a multi-variate problem in terms of a single 
parameter.

Liquefaction vulnerability parameters
For each CPT, the following three liquefaction vulnerability 
parameters were calculated:

1. �Liquefaction Potential Index (LPI) calculated in 
accordance with Iwasaki (1982):

	 LPI = ∫    F1W(z)dz	 (1)

where W(z)=10-0.5z, F1=1-FoS for FoS<1.0, F1=0 for 
FoS≥1.0, FoS is the factor of safety calculated from 
the Idriss & Boulanger (2008) liquefaction triggering 
evaluation procedure and z is the depth below the ground 
surface in meters.

2. �Calculated Settlement (S) calculated in accordance 
with MBIE (2012): 

	 S = ∫ εvdz	 (2)

where εv is the calculated post-liquefaction volumetric 
reconsolidation strain based on the Zhang et al (2002) 
strain equations which are a function of the factor of safety 
calculated from the Idriss & Boulanger (2008) liquefaction 
triggering evaluation procedure and the relative density of 
the soil determined from the CPT tip resistance and z is the 
depth below the ground surface in meters.

3.  �Liquefaction Severity Number (LSN), a new 
parameter calculated in accordance with Tonkin & 
Taylor (2013) to evaluate liquefaction-induced land 
damage, is defined as:

	 LSN = 1000 ∫    dz	 (3)

where εv is the calculated post-liquefaction volumetric 
reconsolidation strain entered as a decimal, and z is the 
depth below the ground surface in meters for depths greater 
than zero.  In practice, LSN is calculated as the summation 
of the post-liquefaction volumetric reconsolidation strains, 
each calculated for an underlying soil layer divided by the 
depth to the midpoint of that layer.

Iwasaki’s LPI represents an early attempt to develop 
an index for assessing the vulnerability of land subjected 
to liquefaction.  Its value is between 0 (representing no 
liquefaction vulnerability) and 100 (representing extreme 
liquefaction vulnerability).  LPI provides a straightforward 
method for assessing the vulnerability of sites, with 
published ranges of values indicating the severity of 
liquefaction.  Sites with an LPI of more than 5 have a high 
liquefaction risk, and sites with LPI greater than 15 indicate 
very high risk (Iwasaki, 1982).  While the LPI is a useful 
parameter that captures important aspects of liquefaction 
vulnerability, this study identified some limitations of LPI, 
which are discussed later.

The calculated settlement (S) has been compared with 
the measured ground surface subsidence (corrected for 
vertical tectonic displacement) for each earthquake event 
(Tonkin & Taylor, 2013).  This showed there is no apparent 
direct relationship between the calculated settlement (S) 
and the measured liquefaction induced ground settlement.  
However, there is a weak correlation between the calculated 
S and the liquefaction and lateral spread observations 
discussed below.  The S parameter can be better considered 
as a proxy for the likelihood of liquefaction related damage 
at the ground surface, rather than a calculation of predicted 
settlement.  Similarly, MBIE (2012) describe the calculated 
settlement (S) parameter as an index value (rather than an 
absolute settlement value) for the purpose of indexing the 
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predicted land performance for technical categorisation 
and foundation design purposes.

The theoretical value of LSN varies from 0 (representing 
no liquefaction vulnerability) to more than 100 (representing 
very high liquefaction vulnerability).  Very large LSN values 
can only be calculated when the groundwater table is very 
close to the ground surface and soil layers immediately 
below the ground surface are assessed as being at risk of 
liquefaction.

LSN is an extension of the LPI philosophy.  It attempts 
to quantify the effects of liquefaction and consequent land 
damage using volumetric strains (adopted in conventional 
settlement calculations recommended by MBIE (2012)) in 
conjunction with depth weighting by a hyperbolic function 
(1/z) rather than a linear reduction. The hyperbolic function 
gives much greater weight to liquefaction at shallow depths.  
LPI considers a linear reduction with depth, while S which 
gives equal weighting to all liquefying soil layers irrespective 
of depth.  The LSN calculation weights shallow liquefaction 
as the key contributor to land and foundation damage. This 
inference was supported by general observations during the 
liquefaction-induced land damage mapping, particularly 
the observation that ejection of liquefied material and loss 
of crust integrity tended to result in significant differential 
settlements, with various forms of severe ground distortion, 
cracking, and fissuring.

The important differences between the proposed LSN 

parameter and the existing LPI and S parameters are:
• �Because S and LSN are based on volumetric strains, 

they are continuously calculated even for FoS of 
greater than one.  Thus, S and LSN values start to 
increase as excess pore water pressures rise when FoS 
< 2.0, and include a continuous smooth transition 
when FoS < 1.0.  Conversely, LPI accounts for the 
effects of layers only with FoS < 1.0.  It will be 
seen later that S and LSN start to increase at lower 
accelerations than LPI, because S and LSN reflect the 
weakening effect of soil layers where FoS is falling 
towards, but not yet below unity.

• �The maximum damage contribution of any soil 
layer within the deposit is limited by the initial 
relative density of the soil as represented by CPT tip 
resistance. This is implied by the Zhang et al (2002) 
volumetric strain relationships used in the S and 
LSN calculations. In these relationships a limiting 
volumetric strain is eventually reached, which is 
a function of the soil’s relative density and not a 
function of the seismic demand. Conversely, the LPI 
parameter continues to increase with increasing PGA 
because it is a direct function of FoS, which continues 
to decrease as the seismic demand increases.

• �Liquefying layers with a lower relative density are 
expected to develop larger strains which in turn 
will result in larger damage at the ground surface as 

Figure 4: Liquefaction related subsidence from a change in ground elevation from before the September 2010 earthquake to after the 

December 2011 earthquake
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compared to the effects of liquefaction from a layer 
with higher relative density. With S and LSN the 
calculated strain value is used as a damage index that 
includes the effects of strength loss and the potential 
for soil ejecta rather than as an index purely for 
settlement calculation (discussed above). By contrast, 
for a calculated FoS, LPI provides the same value 
irrespective of the relative density of the soil. This 
approach erroneously indicates that the consequences 
of liquefaction are not related to the relative density 
of the liquefied soils for a given FoS. Because LPI 
does not explicitly address the relationship between 
relative density and FoS, it should be less successful 
in differentiating between the damage potentials of 
sites with different densities of soil.

• �Complementary to the work of Ishihara (1985), 
LSN places greater importance on the thickness 
of the non-liquefied crust when the groundwater 
table is close to the ground surface through the use 
of the hyperbolic depth weighting function. LSN 
suggests that shallow liquefaction is significantly more 
damaging for land and surface structures than deep 
liquefaction relative to the contribution of shallow 
and deep layers in LPI. By contrast the S parameter 
places equal contribution of potential ground surface 
damage for both shallow and deep liquefying soil 
layers and therefore does not place any importance 
on the thickness of the non-liquefying crust.

Response of liquefaction vulnerability  
indicators to PGA
The response to PGA of these vulnerability indicators 
calculated from three sample CPT (locations shown 
on Figure 5) is shown in Figure 6 based on the post-
December 2011 depth to groundwater.  The CPT in the 
Red Zone shows that below 0.1 g for S and LSN, and 
below 0.15 g for LPI, the indicators do not respond to 
PGA.  Similar trends are also observed for the TC2 and 
TC3 CPT, but the threshold PGAs are higher for the TC3 
CPT and higher again for the TC2 CPT.  This is consistent 
with the observed and expected land performance for 
the respective Technical Categories. LPI continues to 
increase with increasing PGA, but the rate of increase in 
S and LSN steadily decreases with increasing PGA.  This 
is because the contribution to S and LSN is strain-limited 
with respect to the initial relative density of the soil.  This 
strain limiting response is a characteristic that is generally 
consistent with field observations over the various 
earthquakes of the Canterbury Earthquake Series.  The 
S parameter does not differentiate significantly for the 
three CPT, which is inconsistent with the observed land 
performance. In contrast, the LSN better differentiates 
the three sites.  This is because the S parameter does not 
include the beneficial effects of the non-liquefying crust, 
whereas the LSN parameter does.

 

Figure 5: – Technical categories and CPT investigations available on the Canterbury Geotechnical Database in March 2013
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Figure 6: Sensitivity of LPI, S and LSN to PGA (M7.5) for selected TC2, TC3 and Red Zone CPT

Figure 7: Box and whisker plots of LPI, S and LSN correlated with observed land damage and dwelling damage for the 

4 September 2010, 22 February and 13 June 2011 earthquakes 
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Correlation of damage data with LPI, S and LSN
Figure 7 shows a comparison of the observed land damage 
and residential dwelling foundation deformation damage, 
plotted against the vulnerability indicators LPI, S and 
LSN for the September 2010, February 2011 and June 
2011 earthquakes as a series of box and whisker plots. The 
liquefaction parameters were calculated for the entire CPT 
data set based on the ground water levels immediately prior 
to each earthquake event (Tonkin & Taylor, 2013) and the 
spatially varying seismic demand (Bradley and Hughes, 2012).  
The range in calculated values is denoted by the horizontal 
line showing the minimum and maximum data points.  The 
box shows the median, upper quartile and lower quartile 
values. The criteria for the damage categories are defined 
in Figure 1.  Following the September 2010 earthquake the 
land damage mapping combined categories 3 and 4, and 
they are presented below as a combined category 3.  

An analysis of the data indicates that LPI, S and LSN 
all broadly correlate with measured damage to land and 
dwelling foundations. For the LPI parameter however, 
the relationship between the LPI value and the observed 
damage is different for each event.  This indicates that the 
LPI correlation with land damage and foundation damage 
is event specific and produces inconsistent responses to 
the three events.  The S parameter has substantial overlap 
between damage categories and is inconsistent between 
events.  This lack of repeatability in the damage trend for 
LPI and S limits their usefulness as vulnerability indicators 

to assess future land performance.  Of the three parameters 
considered, the LSN provides the best and most consistent 
fit to the data sets, and provides most value as a tool for the 
prediction of future performance.

The spatial distribution of the highest calculated LSN 
values for each property based on the groundwater levels 
and seismic loadings from each event are presented in 
Figure 8.  This can be compared directly with the damage 
data shown in Figures 2, 3 and 4.  The comparison shows 
that there are generally strong correlations between areas of 
observed land and foundation damage and subsidence due 
to liquefaction effects with areas with high LSN.  A review 
of maps of LPI and S show that LSN provides a more 
consistent spatial fit to the mapped land damage through 
the earthquake series.

There is substantial scatter within the correlations due 
to variations in crust quality, geological conditions, the 
actual PGA experienced at the site, the actual depth to 
groundwater at the time of earthquakes, the presence of 
lateral spreading and the probabilistic nature of liquefaction 
triggering calculations, including the assumptions for 
estimating fines content or cut-off values for materials too 
fine grained to liquefy.  

It is noted that LSN is not intended to be an indicator 
of vulnerability to lateral spreading hazard.  Therefore, not 
all the areas with land damage have been identified because 
of the occurrence of superimposed damage from lateral 
spreading.

Figure 8: Distribution of highest calculated Liquefaction Severity Number (LSN) across Christchurch for all modeled earthquakes
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mm in a 24 hr period on 3rd September 2012.
• �Site security and safety of public required 

consideration. A number of DOC tracks crossed 
through historical mine sites.

• �Site conditions and steep terrain posed challenges in 
the restricted and tight available construction space.  

• �The site access road was steep and narrow and 
insufficient width to allow two heavy vehicles 
to pass. The effective management of road and 
maintaining access for three landowners on the lower 
sections plus DOC and Kordia access for the Mt Te 
Aroha transmission tower was required at all times. 
Detailed Traffic Management planning, one way 
traffic movements and procedures were required 
with truck volumes up to 60 per day on a one way 
access road.

• �Contamination exposure to workers was a significant 
hazard. A detailed site specific safety plan was 
implemented. There are always challenges in 
training staff to adhere to stringent contaminated site 
protocols and procedures.

• �Site communications were limited and cell phone 
coverage was poor and unreliable on site. 

• �Management of stakeholder expectations was 
important. There were a number of stakeholders 
including local Iwi, DOC, MfE, Client, 
(Environment Waikato), district council. The project 
structure consisted of a Governance group, Steering 

group and Project team working to an agreed project 
plan and project controls and requiring. The project 
was subjected to high levels of auditability.   

• �IMS was a relatively new method to HE and had 
been implemented on several small projects. The 
project required significant investment into plant 
and fabrication of mixing components. The IMS 
project was to be the largest ever undertaken in 
New Zealand. The requirement to accurately mix 
to the profile of the highly undulating base of tails 
was difficult. The control of binder flow and survey 
control required a high degree skill from the mass 
mixing excavator operator.   

3 	 Tender Process – Alternatives, Contingencies 
The Regional Council, Environment Waikato (EW), 
received the bulk of their funding from the Ministry for 
the Environment (MfE) for the Tui Mine Remediation 
project. EW was the sponsor and Project Managers, Tonkin 
and Taylor were the Engineer to the Contract and URS the 
project Designers.

Three contractors were prequalified and tendered for 
the work in June 2011.

HE submitted a tender which featured comprehensive 
attributes and focus on construction methodologies, 
detailed programme, contingencies and risk mitigation 
measures. Several alternative options outlined potential cost 
savings and risk mitigation measures. 

Figure 3: Interpretation of the tailings impoundment geology before stabilising works
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HE was awarded a contract valued at $ 12.377 million.
The contract period was 70 weeks commencing in 

October 2011 and with a completion date of March 2013. 
This included a winter shutdown period from 1 May to 1 
October 2012. 

       
The key components of the tender were:
• �Preliminary & General items which included 

stringent Quality Control, Environmental 
Management and Health and Safety criteria. 

• �Erosion control and surface water management – 
including sediment ponds, silt fencing, extensive 
construction of perimeter swale drains and 
contaminated water management.

• �Tailings amendment. 55,000 m3 of insitu mass 
stabilising (IMS). 78,000 m3 of excavation and 
ex situ mixing (EMS) of tailings and waste rock. 
2500 lineal metres of  600 mm diameter Deep Soil 
Mixing columns to form part of  the foundation 
improvement works at the dam toe.     

• �Upgrade and maintenance of 3 km of  
unsealed access road.

• �Drainage and passive water treatment.  Install cut  
off drains, ground water culvert and manholes, 
passive water treatment system.

• ��Process plant remediation and make safe.
• �Capping. Import to site 20,000 m3 of clean fill, 

drainage, clay and topsoil layers. 
• Cyanide drum handling and disposal (provisional).

4 	 Construction Works 
HE mobilised to site in September 2011 with a focus on 
commencing works early in the construction season.  

The upgrade of the access road was completed during 
September prior to site establishment. The access road was 
critical to providing unrestricted site access. The narrow 
road was only suitable for one way traffic, so a traffic light 
system was developed using a push button traffic light 
activated system for large vehicles. This would allow 10 
minutes for traffic to exit the road before traffic could head 

either up or down the road. This system worked well. 
A pavement design assessment was carried out by 

HE. The road was widened on the corners to allow for 
articulated tankers and truck and trailer access. The road 
was overlaid with 100 mm depth of GAP 65 and then 
stabilised 300 mm depth with a 2 coat chip seal and asphalt 
placed on some of the steep and tight corners. 

The site compound was established on the processing 
plant area above the tailings dam. This took advantage of 
using some old concrete pads and also afforded a good view 
over the site. 

4.1 Insitu Mass Stabilising (IMS)
IMS was recognised as a relatively effective method of 
insitu stabilising. This process uses dry binder injection via 
a specialised pressure pod and is suited to very low strength, 
high moisture soils typically below the water table. The 
mixing is achieved using an excavator mounted transverse 
mixing head and is limited to 5 metre depth. Dry binder 
is pumped from a pressure tank down through an air 
pressurised delivery line to the mixing head.  

Once the necessary environmental controls were 
installed on site, the IMS work commenced at the eastern 
shallow end. The premixed binder (a blend of 10 parts 
cement, 1 part CaO and 2 parts CaOH) was delivered to 
site in articulated tankers and was stored in pressure tanks 
on site and pumped to the pressure pod. The pressure pod 
pressurises binder and controls and regulates the discharge 
using a valve and compressed air pressure. A computer was 
used to monitor, control and record binder discharge using 
load cells and flow control of the valve.

The mass mixing head was attached to a 35 tonne 
excavator. The IMS mixer featured GPS position and 
contour control. The Quality Control requirements for 
IMS were stringent and required careful management of 
spacial control given the requirement to accurately achieve 
the 3D base of tailings contour based on a predetermined 
base of tailings ground model. The use of GPS and 3D 
control was invaluable to providing accurate Quality 
Control, quantities and asbuilt data.

Figure 4: Long section of the landform after stabilisation
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It was a requirement to ensure that binder was injected 
consistently throughout the depth and laterally throughout 
the tailings. A computer was used to record and control 
binder flow rates and rate of mixing. This QA requirement 
was therefore extremely challenging. However the 
investment in GPS control, significant planning, training 
and execution proved invaluable.   

Binder blend was injected and mixed at an application 
rate of 160 kg per m3.

The initial stages of the project proved slower than 
anticipated and took some time to gain traction. This 
was due to limited space on site for construction plant, 
meeting stakeholder expectations with regard to vegetation 
clearance and resultant design changes, more detailed  
classification of material types being required, a large 
number of variations, some unexpected ground conditions 
and slower than anticipated mixing production. 

The project was hampered throughout the entire 
duration due to lack of room being available to effectively 
and efficiently stockpile and manage earthworks excavations 
and stockpile areas. This required a large degree of material 
double handling. 

A new purpose built, track mounted cement pressure 
pod was delivered to the site in February 2012 which 
speedup the IMS production to some degree. However by 
April, the project was some 2 months behind programme 
due to a combination of site issues.

By April 2012, the works had progressed towards the 
western end which had become increasingly coarser and 
sandier and with better drainage characteristics than finer 
tailings. The coarse tailings had also become very dense and 
firm due to consolidation. The coarse dense tailings proved 
more difficult to mix in situ and required additional mixing 
effort to achieve a homogeneous mixed state. Some layers 
of in situ material were cohesive and very stiff in nature. 
An alternative option to excavate all the remaining tailings 
and treat ex situ (rather than insitu mix the 5 metre depth 
of base tailings) was proposed by HE and was considered to 
provide a number of advantages. This option was one of the 
risk mitigation contingencies allowed for in the tender. The 
construction method for deep excavation of tailings was 
assessed and considered in detail. Ex situ excavation also 
presented an opportunity to achieve increased production 
rates. This alternative was accepted and the contract rates 
for ex situ mixing were applied.   

The excavation to base of tailings depth was also 
beneficial in ensuring that the entire tailings were excavated. 
Updated changes to tailings volumes predictions during 
the construction were monitored by URS to ensure that 
a stable engineered landform could be developed.  The 
landform final levels were redesigned several times as the 
works progressed, accounting for the surveyed quantities 
and impact of bulking. This had some impact on the 

location and detailing of the toe of the landform and it was 
necessary to re-evaluate the best for stability placement of 
the shear key. The redesign also enabled the removal of the 
upper two rows of deep soil mixing columns. Excavation to 
the base of tails and into the colluvial materials for the shear 
key construction also enabled the designer to re-evaluate 
the strength of the colluvial material.  The slope stability 
models and landform design were updated three times 
during the construction with as-built data to ensure that 
all design criteria were met. 

A total of 25,000 m3 of IMS was completed.  

Figure 5: 35 Tonne In situ mass stabilising rig with Pressure  

Pod in the background  

4.2	 Ex situ Mass Stabilising (EMS)    
 As the project proceeded and a stabilised platform became 
available, the excavation of the upper tailings (ie the zone 
deeper than 5 m depth) commenced in January 2012. This 
material was excavated and trucked to the placement area 
and EMS stabilised using tracked spreader and tracked 
stabilizer. The EMS material was compacted in place 
in layers to achieve compaction criteria strength, and 
geochemical amendment. 

The EMS typically used the IMS cement blend at 146 kg 
/ m3 plus an additional 60 kg/m3 of CaOH.

In total, 17,000m3 was stabilised using this method. 
This was an accepted alternative method which proved 
beneficial to the project as it overcame the problems 
associated with the blending of tailings and rock whereby 
there was a shortfall of a suitable blend rock on site, or 
otherwise imported rock for blending was required.   

In addition to EMS of the excavated tailings, a 1.5 m 
thick layer of blended tailings was also completed. The 
blended EMS comprised of two main blend components 
- a Rock blend mixed with tailings at a ratio of 2 parts 
tailings to 1 part rock. Binder for the tails blending 
comprised 4 parts CaO and 5parts CaOH and was added 
at 135 / kg/m3.
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Several other binder blend recipes and application 
rates were implemented in consultation between HE, the 
Engineer and URS.       

   The “rock” was won from the various rock stacks on 
site. The nature of the rock was highly variable and poorer 
quality than anticipated requiring quite considerable 
characterisation testing and some blend mix designs to 
confirm its suitability as a rock blend. Careful management 
and identification of various stockpile and earthworks 
sources was required to both confirm acceptability and to 
maximise the various materials “value” and end use. It was 
important to avoid cross contamination of soils which could 
be used as capping clean fill or as a separation layer. This 
involved stockpiling and in many cases double handling of 
materials given the restriction of available space. 

A total of 38,000m3 of rock was blended with 47,000m3of 
tailings resulting in a total EMS volume of 85,000m3. 

The excavation works on site uncovered significant 
amounts of unforeseen organic material and trees.  It was 
understood that during the mining work the original 
vegetation was pushed into the valley prior to the tailings 
deposition.  At the toe of the tailings dam the excavations 
revealed that the logs had been carefully stacked to bridge 
the narrow valley base and form part of a starter dam 
complex. All of these materials were excavated, tested 
for contaminants and appropriately reused on site, with 
amendment if needed. 

Figure 6: Ex situ mass stabilising operation

4.3 Earthworks 
The requirement for more detailed assessment and 
characterisation testing of the various tailings and material 
types on site caused some delays to the earthmoving 
operation. 

The requirement to carefully manage the various 
types of materials was identified by HE in the tender 
methodology. The high “salvage value” of some types of 
materials and the associated cost savings methodologies 
were implemented into the project works.  

The final earthworks volumes consisted of:
• �Onsite Rock for Stabilising –12,000m3 excavated 

and Crushed

• Oxidised tailings – 4,500m3 Cut
• Unoxidised Tailings – 85,700m3 Cut
• Ore Chip – 4,000m3 Cut
• Rock for Swale Drains – 3,000m3 Imported
• Clay – 5000m3 Imported Fill for Capping
• GAP40 Rock – 3000m3 Imported Fill for Capping
• �Topsoil – 6500m3 Imported Fill for Capping and 

Contour Drains

This created a total volume of 115,000m3 of Earthworks. 
Note that all materials were stabilised and used on site. 

4.4	 Drainage  
The design required the construction of 5m wide open 
swale drains around the perimeter of the stabilised landform 
consisting of rock riprap 300mm to 600mm in size. These 
were designed to reroute surface water off and around the 
tailings earth fill.  

A fordable drain was placed above the impoundment 
area to divert water away from the landform and south 
towards the Tunakohoia Stream. The drain consisted of 
rock swale catch drains which flowed into 450mm Pipes. 
The Ford drain also allowed for a diversion spillway in 
flood conditions. 

 A cut-off drain at the head of the impoundment was 
constructed to collect and redirect any groundwater before 
it came in contact with the tailings. A collection drain at the 
toe of the stabilised landform was constructed to pick up 
both ground water and possible leachate and at the interface 
between the natural material and the stabilised material. 

4.5	 Geometric Design   
A requirement of the contract was to complete several 
progressive asbuilt surveys and review of quantities in order 
to determine the final profile of the stabilised landform. 
The design drawings made provision for a lower, average 
and upper finished level profile which accounted for 
bulking of the stabilised materials. 

The uncertainty of the final quantities required 
consideration to be given that the final shape was not 
overfilled. Despite the ongoing assessment of the finished 
design levels, there was one section of the landform which 
required some minor rework, redesign and relevelling of 
placed materials.

The finished levels needed to take into account the 
predicted final volumes, amount of material in various 
stockpiles, and impact of bulking. The finished landform 
levels were completely redesigned once during the 
construction and the toe area of the landform amended 
again when further tailings volume predictions became 
available towards the completion of the project.  

4.6	 Landfill Capping  
The capping consisted of four layers of material. Figure 7 
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below displays the thickness and structure of the capping 
layers. The Separation layer was able to utilise stabilised 
oxidised tailings mixed with excess organic material or 
excess rock material and stabilised with 60kg/m3 of both 
CaCO3 and cement blend (OPC, CaO and CaOH). This 
ensured that the best use was made of on site materials.  
Clay was sourced from Hyndmans Quarry 40km south 
of the site. GAP40 was sourced as the drainage layer from 
Taotaoroa Quarry 70km south of the site. Topsoil was 
sourced from a farm only 8km north of the site. A total of 
50,000 tonnes of soils were imported to site.

Figure 7: Landfill capping layers 

4.7	 Programme 
The programme was broken down into several critical 
stages. The critical path followed the initial enabling 
works and then IMS and EMS works followed by the 
capping layers. Other work items such as drainage were 
programmed around critical path.

The first key milestone was to complete the shallow 
in situ stabilising (up to 5 m depth) in the eastern end on 
the impoundment. Due to some compounding delays, this 
milestone was achieved in December 2011, some 6 weeks 
behind programme.

The commencement of EMS works started in late 
December once a sufficiently large “pad” of in situ 
stabilising had been completed. A reasonably wet summer 
of 2012 also impacted on programme, with 17.5 days time 
extension wet days approved.       

The next key milestone was completing the stabilising 
works to chainage 150. The area below chainage 150 
was considered a critical zone. In this zone the designers 
wanted to achieve better geotechnical and chemical results 
as this material essentially buttressed the up slope stabilised 
tailings. Stability of temporary works whilst the dam still 
existed and had the potential to pond water was also 
important. 

By the end of the programmed winter shutdown at the 
end of April 2012 the programme was 2 months behind 
schedule. However a winter exemption was applied for and 
granted and work continued through until the end of May. 
The fine weather in autumn enabled the programme to be 
caught up and put back on track by the winter shutdown 
period on 1 June 2012.

An early recommencement of work in the second week 
of September 2012 enabled some work to recommence 
with full production ramped up by October.

All stabilising works were completed by February 2013. 
A focus on project completion programme and tight 
programme and construction works enabled the entire 
project to be completed by May 2013 with practical 
completion granted on 10 May. This completion date fell 
within the revised due date for completion allowing for 
time extensions related to variations and wet weather.

The project certainly benefited from the summer 
2013 drought. Surprising to note was the heavy rainfalls 
encountered immediately after the final capping layers 
were constructed.   

  
4.8	 Quality Control  
The quality control requirements for the project were 
stringent. GPS was used to set out the target base of 
tailings profile, confirm quantities and provide as built data.

Quality control methods were implemented to control 
the mix design blends. At the project commencement, 
HE provided input with Holcim Cement and McDonalds 
Lime to ensure that the correct binder blend ratios were 
achieved. This involved blending CaO and CaOH at the 
Otorohanga lime works and the secondary blending with 
cement at the Holcim Onehunga wharf depot. Loss on 
ignition testing and XRF testing, use of load cells and the 
control of screw conveyor feed rates for lime and cement 
ensured that the blends achieved the correct mix ratios. 
This was not an easy process and required a high degree of 
initial testing and trialling of the blending process. 

HE engaged the services of GHD consultants to 
undertake quality control testing and reporting for the 
project. A full time Environmental Engineer was seconded 
to the project and was further supported by GHD head 
office personnel to prepare results and report on an ongoing 
basis. The Quality control testing was self performing six 
specified performance criteria. HE had identified the large 
quantum of QA work and the importance to the project. 
GHDs support, involvement and commitment to the 
project was a factor in the project success.

Throughout construction GHD consistently monitored 
the performance of the material being placed by completing 
NDM, Scala and Clegg Testing at intervals of 500mm lift 
per material.  Geochemical and Geotechnical testing was 
carried out for all materials at a frequency of one sample 
per 2000m3. 

At the time of publishing this paper (10 May 2013), 
the site works had just been completed and the validation 
reporting for the project was not completed. As a result, 
it was not appropriate to include the quality control data 
in this article. However, all quality control and acceptance 
testing for Geochemical and Geotechnical criteria had 
been completed.    

 

Topsoil 300mm

GAP40 Drainage Layer 150mm

Clay 300mm

Seperation Layer 250mm
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Figure 8: Tui Mine tailings dam 2009               

Figure 9: Tui Mine tailings remediation completed May 2013
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I brought my first copy of Craig’s Soil Mechanics when 
I was in my second year at university and like many others 
around our office have continued to refer to it ever since. 
My first copy was the fifth edition of the text which is now 
up to its eighth edition and is authored by J. A. Knappett 
and R.F. Craig.

The five hundred page text is intended to meet the needs 
of the undergraduate civil engineering student and to be 
a useful reference during the transition into engineering 
practise. This latest edition includes some more advanced 
topics with the intention of also making it suitable for 
many post-graduate level courses.

Previous editions of this text are recognisable in this latest 
edition which includes many of the same subject headings 
and similar material. However, J.A Knappett (University of 
Dundee) notes the following: “Initially published in 1974, I 
felt that the time was right for a major update as the book 
approaches its fortieth year, though I have tried to maintain 
the clarity and depth of explanation which has been a core 
feature of previous editions.”

Immediately obvious is the separation of material into 
two major sections. The first section is titled, ‘Part 1 
Development of a mechanical model for soil,’ deals with 
basic concepts and theories in soil mechanics. Part 2, titled 
‘Applications in geotechnical engineering,’ deals with 
geotechnical design. A new chapter has been added on 
in-situ testing and covers both the basics about testing 
methods available and parameters which can be determined 
from various tests. This provides essential information for 
young engineers fresh out of university who often find 
themselves out in the field next to a drilling rig with limited 
knowledge of the testing they are required to carry out!

J.A. Knappett has added discussion of limit analysis 
techniques to the text with the aim that students will enter 
the workplace with knowledge of the underlying theory. 
This addition is timely as advanced computer software and 
modelling is fast becoming common place in geotechnical 
engineering. 

“Initially published in 1974, I felt that 
the time was right for a major update 
as the book approaches its fortieth year, 
though I have tried to maintain the 
clarity and depth of explanation which 
has been a core feature of previous 
editions.” J.A. Knappett

Craig’s Soil Mechanics (Eighth Edition) – J.A. Knappett and R.F. Craig

It is noted that the chapters on geotechnical design 
are discussed within the context of limit state design to 
Eurocode 7 and more extensive background is provided 
on Eurocode 7. For example, in Chapter 11 the ultimate 
and serviceability limit states to be considered for retaining 
wall design are included for various forms of retaining 
walls (gravity, embedded, anchored or propped). The focus 
on limit state design includes numerical examples and 
the end-of-chapter problems. The priority of limit state 
design in the text is no doubt due to the widespread use 
of this design approach in many countries but may be less 
appropriate in the New Zealand context where limit state 
design is not widely used in geotechnical engineering. 
However, it will be helpful for students to be exposed to 
this design approach as many will work in other countries 
where it is the norm and it may be that geotechnical 
design in New Zealand heads this way in the future. If 
this is the case then the text may also prove to be a useful 
reference for more experienced engineers picking up this 
design approach.

The beauty of this edition, as with previous editions, is 
its simplicity and clarity which is entirely appropriate for 
the intended purpose as an undergraduate text. This allows 
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fact we had just met, but she later agreed to my proposal 
of marriage on a windy Wellington day… in September 
2009 if I recall correctly.  Very romantic but a challenge in 
itself as she was the Personal Assistant to the head of civil 
engineering in Connell Wagner at the time who was a 
relatively scary man who shall remain nameless.  So many 
thoughts ran through my head at nigh… Was this a career 
limiting move, will it last, how much was that social club 
deduction really costing me.  With relief, the good old Kiwi 
gene kicked in and Hayley decided she wanted to live and 
work in London… The big smoke.  Take two.  

I mentioned ‘pinch yourself ’ career moments earlier, 
well, the two that have happened outside of NZ were in 
fact back to back during this latest stint working in London 
and in the midst of the global financial crisis.  The first was 
a senior geologist role on the Third Forth Bridge marine 
investigation in Edinburgh, Scotland – this was an amazing 
project and my first over-water investigation.  I spent a 
little over six months working a mixture of day and night 
shifts, spread across two jack-up barges and only got caught 
driving the contractors speed boat once… Little did the 
project manager know I was actually qualified to drive it.  
Back in London, the opportunity arose to act as Engineers 
Representative on the massive Thames Tideway ground 
investigation project – a 24km long new pipeline, 13m in 
internal diameter running beneath the River Thames. I will 
never forget the day we were working on a jack-up barge 
outside the Houses of Parliament and, during their lunch 

break, I was close enough to see what they were eating.  
Suffice to say they weren’t very chatty… so we instructed 
more SPT’s immediately.

Two years and back in NZ, I headed straight for the 
familiar surroundings of Connell Wagner… Only to find 
the name had changed to Aurecon. Not content with a 
challenging geotechnical career, I chose to build a house 
and get married all in the same year.  I am pleased to report 
that both marriage and home are still intact. I enjoyed 
a further two years working with the team at Aurecon 
before turning another chapter in my ‘real world’ career 
and joining Geoscience Consulting Ltd.  Here my brief was 
simple:  Start up a new Wellington office from scratch and 
make sure it’s successful.  Gulp.  As you can imagine this was 
a logistical challenge to say the least.  Luckily, I wasn’t alone 
in this exercise and we now have a team of five talented 
individuals and are enjoying the challenges of growing 
a new business, supported by our friendly colleagues in 
Christchurch, Auckland and now California USA. One 
year in, things are looking great.  

In March 2013 I was proud to be elected onto the 
NZGS Management Committee after serving around three 
years on the Wellington branch team and I am looking 
forward to the challenges this new role will bring. Even 
more recently, I have been asked to act as the Organising 
Committee Chair for the ANZ 2015 Geomechanics 
Conference to be held in Wellington…. Watch this space, I 
feel another ‘pinch yourself ’ career moment may be close!

Photo 1:  Wearing the correct PPE boarding a jack-up barge in Scotland.
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