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EDITORIAL

Robert Kamuhangire is a principal 
geotechnical engineer with KGA 
Geotechnical Group, based in the 
Christchurch office. He previously 
worked in the UK predominantly 
on large infrastructure projects, 
prior to arriving in New Zealand in 
2012 to be part of the Christchurch 
Rebuild. In addition to forgetting 
his “perpetual warm/rain jacket” 
during his first summer in New 
Zealand (thanks to the consistent 
good summer weather), he 
has been blessed to work on a 
number of claim assessments, 
new residential and commercial 
buildings, subdivisions, retaining 
walls, deep and shallow foundations, 
and ground improvement schemes 
among other things. 

NZ Geomechanics News 
co-editor

Camilla Gibbons is a Principal 
and engineering geologist with 
Aurecon. She worked in the UK 
before moving to New Zealand in 
2008 “for a year”.  The Canterbury 
earthquakes inspired what has 
now become her real interest 
in geohazards and rockfall in 
particular and she has since 
enjoyed working on projects 
combining this with her other 
interest of improving efficiencies 
and improving safety by the 
effective use of digital technology. 

NZ Geomechanics News 
co-editor

WE HAVE A very full issue of NZ 

Geomechanics News this time and we 

are very pleased to be able to publish 

so many of your articles, papers and 

updates. A broad range of articles and 

papers brings a broad range of topics, 

but everything in this edition relates to 

progress and improvement, to planning 

and ensuring we are better next time 

and ultimately to challenging what we 

have previously accepted as “right”. 

Progress happens when we challenge 

what we think we know to be ‘true’, 

when we review what is ‘current’ and 

when we combine this with ‘new 

knowledge’. We have seen this recently 

with the revision of the National 

Seismic Hazard Model (NSHM). This is 

a significant change that is throwing 

up a lot of questions across different 

parts of the industry. There are a few 

articles in this edition of the magazine 

that start to discuss this topic and 

start to anticipate what the knock-on 

effects are going to be and how this 

may impact the day-to-day work that 

we do. And thanks to the collaborative 

work between the technical societies 

(NZGS, SESOC, NZSEE) providing a 

single voice to the industry, revisions to 

Standards/Guidelines as a consequence 

of the new NSHM are likely for once to 

lead to coherent Guidance between the 

different practices.

Despite ‘new knowledge’ bowling 

through the door dressed in its fancy 

clothes and disrupting the ‘true’ and 

‘current’ party, we must remember our 

old friend ‘first principles’ that sits quietly 

in the corner but whom everybody 

leans on. Those first principles are the 

fundamentals of what we know, and 

they are not changing, gravity still acts 

downwards, rainfall still causes landslides, 

the basics do not change. 

Forty years ago, in the November 

1982 issue of NZ Geomechanics News, 

Gavin Archer wrote a piece about 

ground anchors and the importance of 

keeping the basic principles in mind. 

What he wrote then is reproduced in 

this issue of the magazine because it 

rings very true today, and this is largely 

because he relied upon his pencil, 

paper and first principles. 

GNS have published a paper in the 

feature section of this edition which is 

the culmination of five years of work 

providing tools for the industry to use 

in the management of landslide hazards 

following the next big earthquake, Ian 

Brown presents a paper relating to the 

developments in three-dimensional 

slope stability analysis and the role 

3D analysis may play to produce cost 

effective solutions in light of general 

increase in hazard estimates from the 

new NZHM, while Cook et al highlight 

insights from InSAR monitoring . When 

you are talking complex tools and three-

dimensional computer analysis, Gavin 

Archer’s pencil and paper becomes a 

little trickier to say the least and we 

rely on the software for speed and 

efficiency, however who does that 

software rely on? Our old friend first 

principles who survives all the latest 

trends and changes because it is 

known that everyone who will join the 

party in the future, every landslip and 

retaining wall program that is written 

will still need to bring along our friend 

First Principles. The overwhelming 

comments in relation to the updated 

NSHM is that not much is changing 

yet and the industry is ready so we 

look forward to developments and no 

doubt we will be including papers and 

updates in our June 2023 edition of 

this magazine. The key message for 

now, is well summarised by the interim 

guidance from the technical societies, 

“Whilst uncertainty in ground shaking 

hazard is out of an engineer’s control, 

uncertainty in building performance can 

be controlled through design. Design 

buildings [replace structures relying on 

the ground] to behave in a predictable, 

desirable manner in earthquakes, even 

when subjected to shaking that is more 

intense than anticipated”.

 We thank all the contributors and 

wish you a restful holiday period.

Camilla Gibbons

Our old friend First Principles

EMAIL: OFFICE@PERRYGEOTECH.CO.NZ

37 GLENLYON AVENUE. P.O. BOX 9376
TAURANGA 3142, NEW ZEALAND

WWW.PERRYGEOTECH.CO.NZ

 BEN METCALFE

0272 410 191
BRENDAN BIGGS

022 679 0234
PHILLIP FALCONER

0274 304 554
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CHAIR'S CORNER

Eleni Gkeli is an Engineering Geologist 
with over 25 years of experience 
predominantly from her involvement in 
large infrastructure projects in Greece 
and in New Zealand in the transport, 
building and water sectors. Eleni has 
been working in New Zealand since 2012 
and has been an elected member of the 
New Zealand Geotechnical Society since 
early 2016, holding a variety of positions 
and roles since that time.

Eleni Gkeli
Chair, Management Committee

From the Chair

am pleased to report that we have 

a wonderful Committee to take care 

of the Society matters, consisting of 

enthusiastic people who volunteer 

their time for the benefit of our 

profession, and I am grateful for that. 

I would also like to thank everyone 

who stood for the election this year. 

We are humbled by the enthusiasm 

and the calibre of the candidates in 

the election, and we wholeheartedly 

welcome everyone who wants to 

contribute to the Society. Those 

that were not elected should not 

be discouraged. There is so much 

going on, and our members do not 

need to be on the Management 

Committee to assist the Society. 

We take the nomination for the 

Committee seriously and we have 

proven it this year by co-opting two 

of the members that did not make 

it in the 2021 election, Jono Claridge 

(WSP, Christchurch) and Jordan Moll 

(Babbage Consultants, Auckland) to 

take on the website coordinator role 

from Olivia Gill (CMW, Auckland). I 

would like to take this opportunity 

to thank Olivia for her service to the 

Society.  

In early October 2022, GNS 

released the National Seismic Hazard 

Model (NSHM) for New Zealand. 

This is the first update of the Seismic 

Hazard Model since 2010, a project 

carried out in the past two years, 

commissioned by MBIE and Toka Tu 

¯ Ake EQC. The regulatory settings 

have not changed at this stage, 

and engineers should continue 

to design using the existing law, 

technical standards, and guidance 

to demonstrate that their work 

complies with the Building Code. 

The release of the model, however, 

is a very significant development in 

understanding better the seismic 

hazard across the country and this 

latest science will be used to inform 

the risk settings in the building 

regulations and to improve the 

safety of buildings and infrastructure 

THE END OF YEAR is that special 

time when the mind kicks into 

reflection mode, thinking about 

what went well and not so well in 

the past year, and planning for what 

comes next. In NZGS we do that 

a bit earlier, in our Annual General 

Meeting (AGM), which we hold 

every September, at the end of our 

financial year. This year the AGM 

was held on the 13th of September 

in Christchurch and was very special 

for us, as it was the first in person 

since 2019. We were pleased to see 

many of you turning up and actively 

participating with questions and 

discussion, and some of you joining 

online. 

The AGM was combined with 

the first of the successful series of 

the 2022 Geomechanics Lecture, 

delivered by Ann Williams from BECA. 

Ann travelled across the country 

with her “Question of Risk” talk from 

September through to November 

2022, in local branch gatherings that 

reminded us of the pre-pandemic 

period. It is great to see our members 

coming to in-person events in big 

numbers again, and Ann’s lecture 

flagged the reviving of these for 

NZGS. As I have mentioned before, 

we will continue to offer online 

professional development, but we 

believe that the connection occurring 

in the in-person events cannot 

be replaced. We will maintain the 

momentum that the Geomechanics 

Lecture tour initiated and organise as 

many local branch and national events 

as we can handle in the new year. 

In the September AGM we also 

presented the NZGS Management 

Committee for the financial year 

22-23. We were pleased to welcome 

two new elected members in the 

Committee after the July – August 

election, Liam Wotherspoon from 

the University of Auckland, and Sam 

Glue from BECA Christchurch. We 

wish them all the best with the duties 

they are taking on for the Society. I 

support in organising the event.

Looking ahead, our plans for the 

new year are to continue providing 

our membership with:

•  more in-person events and 

national speaker tours, 

•  workshops, seminars and 

webinars aligned with the needs 

of our profession, 

•  international speakers that will 

bring value to the local practice, 

in-person or online, 

•  continuing our work on NZGS 

guidance and projects, with the 

Ground Anchor Guideline nearing 

completion, initiating the slope 

stability series, and activating the 

Climate Change Focus group,

•  good collaboration with the 

industry, Government, and local 

authorities,

•  advocating for the important 

matters of our profession, such as 

the occupational regulation, with 

another round of consultation 

expected around mid-2023. 

But for now, I hope you make the 

most of the well-deserved end-of-

year break and come back refreshed 

in the New Year, ready to resume 

work and participate in our activities. 

I wish you all a safe and relaxing 

break with your beloved ones and a 

very happy and prosperous 2023!

Eleni Gkeli

Wellington, October 2022

resilience across New Zealand. 

The NSHM has estimated an 

increased seismic hazard for most 

of the country. The geotechnical 

profession was not caught by surprise 

by this, as we have already adopted 

a revised seismic hazard in Version 

1 of Module 1 (revised compared to 

NZS1170.5, the Bridge Manual and 

Version 0 of Module 1) for a number 

of areas across New Zealand, at 

levels broadly in the same direction 

as the NSHM. Module 1 Version 1 has 

been recommended to be used for 

geotechnical design of new buildings 

since November 2021. 

NZGS collaborated with MBIE, 

Engineering New Zealand, NZSEE, 

and SESOC to inform, provide interim 

guidance and run seminars for 

structural and geotechnical engineers 

in the light of the release of the NSHM, 

to assist design professionals and 

their clients until the New Zealand 

building standards and regulations 

are updated. The collaborating 

technical societies issued two advisory 

documents, one in August 2022 and 

one in October, at the same time as 

the release of the NSHM, which our 

members are strongly encouraged 

to follow. I would like to personally 

thank Michelle Grant, the President 

of SESOC and Geoff Rodgers, the 

President of NZSEE for their hard 

work and the good collaboration in 

supporting the industry at this time of 

change. You can find more information 

on this work and on other seismic risk 

work that NZGS participates in this 

issue of the magazine, in the article 

by Stuart Palmer (Tonkin and Taylor, 

Wellington), who represents us in the 

related collaborating working groups 

and committees. 

One more highlight of the last 

quarter of the year for NZGS was 

the hosting of the 14th Young 

Geotechnical Professionals Australia – 

New Zealand Conference in November 

2022 in Rotorua (14th ANZ YGPC). 

We are particularly sentimental about 

this event, as it is the first occurring 

since the unfortunate cancellation 

of the 2021 event in Cairns, due to 

COVID. When I was writing this piece, 

the 14th ANZ YGPC had not occurred 

yet, but having worked closely to the 

organising committee all year, I am 

confident that it will be a memorable 

event that the YGPs from both 

countries will greatly enjoy and benefit 

from. 

I cannot thank enough the 

organising committee of the 14th ANZ 

YGPC, Helen Loach (WSP, Nelson), 

Sarah Barrett (BECA, Christchurch), 

Christoff Kraus (BECA, Wellington), 

Nima Taghipouran (WSP, Dunedin), 

Nicola Manche (WSP Golder, 

Brisbane) and Hannah Hadley (Terrane 

Consultants, Tauranga) who have put 

a big number of hours bringing this 

event to reality. I would also like to 

thank the Australian Geomechanics 

Society for their contribution and 
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The President’s Medal is awarded 

for commitment to Engineering 

New Zealand and the engineering 

profession. It can be awarded 

to an individual or a group. The 

Gold Medal is awarded to a senior 

engineer and the Silver Medal to an 

emerging professional.

This Year the members of the 

Christchurch Earthquake Expert 

Engineering Panel were awarded 

the Presidents Medal.  The expert 

engineering panel was established 

to support the resolution of 

outstanding residential insurance 

claims in the Canterbury region. 

Panel members were selected 

for their technical expertise and 

experience, their ability to clearly 

The Engineering New Zealand Presidents Medal

articulate engineering principles 

in a way that non-engineers can 

understand, and their ability to work 

with both insurers and homeowners 

in the challenging post-quake 

environment. 

Since late 2018 the panel has 

contributed to the resolution of 

hundreds of claims by supporting 

the work of the Greater Christchurch 

Claims Resolution Service and the 

Canterbury Earthquakes Insurance 

Tribunal. The effect of this work 

in helping to restore the public’s 

faith and trust in the engineering 

profession cannot be overstated. The 

panel members’ dedication, empathy 

and expertise is a credit to the 

profession and to Engineering New 

Zealand as the host organisation for 

the panel.

We would like to extend our 

congratulations to the entire 

panel of 26 technical experts, 

seven of which are members of 

the New Zealand Geotechnical 

Society and we therefore give 

special congratulations to Geoffrey 

Farquhar, Jan Kupec, Nick Traylen, 

Robert Kamuhangire, Mary Ann 

Halliday, Terry Kayes and Richmond 

(Dick) Beetham who received the 

award posthumously.

Many of the panel were able to 

attend the awards ceremony held in 

Wellington (Banquet Hall, Parliament 

Buildings) on August 12, 2022.
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LIAM WOTHERSPOON
University of Auckland

Update from the NZGS Committee
Welcome to our new committee members

I am an Associate Professor in 

the Department of Civil and 

Environmental Engineering at the 

University of Auckland. I have held an 

academic position in the department 

since 2009 and have taught a 

number of different geotechnical 

engineering courses. My research 

cuts across a range of geotechnical 

engineering topic areas, and I look 

to develop research that can be both 

translated to practice and informed 

by the needs of the profession. I 

have strong links with the profession, 

through research collaborations with 

a range of organisations and input 

into a number of consulting projects, 

particularly with a focus on site 

characterisation. At a regional and 

national level, I have been involved 

in the development of resources to 

inform land use planning and seismic 

design. I have worked with NZGS 

to develop industry best-practice 

documents and provide industry 

short courses. I volunteered for this 

role on the committee as I want to 

contribute to advancing the aims of 

the society by leveraging my position 

at the interface between academia 

and the profession. As the needs 

of the profession and the way we 

do work changes, this interface has 

become more important. I want to 

support the development of the 

activities that NZGS supports and 

the broader role of NZGS, feeding 

the needs of the profession back into 

the development of the next crop of 

geotechnical engineers.

SAM GLUE
Beca

Sam is a chartered geotechnical 

engineer with over 16 years 

experience across the Pacific,  

New Zealand and Australia and is 

a team leader with Beca based in 

Christchurch.  He has experience 

across a wide range of projects 

from optimising small house 

developments to major infrastructure 

projects and specialises in  

seismic design, soil-structure 

interaction and finite element/

difference analysis for major 

retaining walls, seawalls, bridge 

abutments, slope stabilisation  

and foundations.

Sam is passionate about 

innovation and advancing the 

geotechnical industry in New 

Zealand and has been heavily 

involved with NZGS since 2015 

across branch coordinator, technical 

development and YGP conference 

organisation roles.  He joined the 

NZGS management committee in 

September 2022.

Outside of work Sam enjoys the 

outdoors with his snowboarding, 

mountain biking and big walks 

with his dogs, Bear (Old English 

Sheepdog) and Thundercub (Boxer/

Border Collie cross).

info@gdsnz.co.nz | www.gdsnz.co.nz

SMART MONITORING | EFFICIENT TESTING | RELIABLE DATA

SPT & DPSH | Instrument Installation | Soil Sampling
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NEWS

RELEASE OF THE 
REVISED NATIONAL 
SEISMIC HAZARD 
MODEL
Engineering New Zealand Chief 

Executive Dr Richard Templer 

welcomes the release of the 

revised National Seismic Hazard 

Model, saying it provides much 

deeper scientific knowledge about 

the shaking hazard presented by 

earthquakes in New Zealand.

The model, which has had its first 

update since 2010, calculates the 

likelihood and strength of earthquake 

shaking that may occur in different 

parts of New Zealand over specified 

periods. It was released today by 

GNS Science, the Ministry of Business, 

Innovation and Employment (MBIE) 

and Toka Tū Ake EQC.

INTERIM ADVICE 
ON 2022 NATIONAL 
SEISMIC HAZARD 
MODEL 
GNS Science has released the 

revised National Seismic Hazard 

Model (NSHM). The Structural 

Engineering Society of New Zealand 

(SESOC), the New Zealand Society 

for Earthquake Engineering (NZSEE) 

and the New Zealand Geotechnical 

Society (NZGS) have collaborated 

to publish an advisory document 

giving interim guidance to design 

professionals and their clients until 

such time as any future updates are 

made to the New Zealand Building 

Code (view the media release here).

SESOC, NZSEE and NZGS 

understand that the NSHM is 

science that is used to inform design 

requirements within the Building 

Code. It will take time for the new 

science to be evaluated and for the 

Ministry of Business, Innovation and 

Employment (MBIE) to consider how 

to incorporate the model into the 

Building Code. In the meantime, we 

want to provide our members advice 

on how to proceed in the time 

between the model being released 

and any future Building Code 

update. The National Seismic Hazard 

Model informs design Standards and 

design actions, however it is not a 

design document and should not be 

treated as such.

The Interim Advice on 2022 

National Seismic Hazard Model 

Release we have published will assist 

building designers in their discussions 

around hazard information with their 

clients and help them to engage in 

conversations regarding structural 

options which may buffer against 

hazard uncertainty.

Earlier this year, the technical 

societies published the Earthquake 

Design for Uncertainty guidance 

providing good design principles 

that should be referred to alongside 

the new advice.
From: NZGS, Dec 2022 https://www.nzgs.org/

national-seismic-hazard-model/

“Engineering New Zealand 

acknowledges the significance of this 

collaboration in delivering important 

seismic data for New Zealand.

“I’m really pleased engineers 

were involved in this update. Along 

with regulators and insurers, we 

anticipate all New Zealanders will 

benefit from the new data.”

No changes to regulatory 

settings have been made as a result 

of the model’s release. However, 

Engineering New Zealand and its 

technical societies are working with 

MBIE to understand how the new 

information may be applied and 

incorporated into future Building 

Code updates for new designs, and 

whether the seismic hazard used for 

seismic assessments for buildings 

not covered by the earthquake-prone 

building system should be reviewed.

“Engineers and clients should 

continue to use existing design 

standards and refer to the 

Interim Advice on the National 

Seismic Hazard Model from the 

Structural Engineering Society 

New Zealand, New Zealand Society 

for Earthquake Engineering, New 

Zealand Geotechnical Society and 

Engineering New Zealand,” says 

Templer.

“We support MBIE taking a 

measured and considered approach 

to any changes to regulation,” says 

Templer.

“Similarly, we encourage 

engineers to take time with the data 

and start thinking about what it 

might mean for future designs.”
From: Engineering New Zealand, Dec 2022 

https://www.engineeringnz.org/news-insights/

national-seismic-hazard-model/
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PHOTO COMPETITION

2021 NZGS PHOTO 
COMPETITION WINNERS

1ST PLACE

The Garie Road Slip 
Marcus Dooney, Aurecon

2ND PLACE

Dem dry bones (wind erosion of 
schist in the Roxburgh Gorge) 
Michelle Willis, Earthtech Consulting Ltd

3RD PLACE

Early morning drilling 
Christoph Kraus, Beca

IST 
PLACE

AGAIN WE HAD many entries to 

this year’s competition which was 

fantastic – it is always lovely to see 

what you have been working on and 

photographing.  Thank you to all the 

entrants, the winners of the 2022 

competition are:

2ND 
PLACE

3RD 
PLACE
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C) Cyclic triaxial test specimen prepared from a 
frozen tube sample of marine origin  
Sean Rees, University of Canterbury

D) Geologist Jessica Pelser logging East Coast 
Bays Formation in the MC30 mined tunnel 
beneath Karangahape Road, in Adit 3, part of 
Karangahape Station works by Link Alliance for 
the City Rail Link, Auckland. 
Photo Credit: Kevin Diemont, Geotechnical Engineering 
Manager, Link Alliance. 

HIGHLY COMMENDED

4TH 
PLACE

B

4TH PLACE

Constructing the Lake Dunstan Trail 
Jeff Bryant, Geoconsulting Ltd

HIGHLY COMMENDED ENTRIES

A) Active landslide on Haruru Road, Wainui, 
Auckland  
Tessa Egan, CMW Geosciences

B) The Garie Road Slip  
Marcus Dooney, Aurecon

A

D

C
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INDUSTRY UPDATE

Stuart Finlan
Waka Kotahi

What’s On at Waka Kotahi
Stuart Finlan  
Lead Technical Advisor Geotechnical Transport Services Programme and Standards  
stuart.finlan@nzta.govt.nz

Comments and opinions expressed in this article are not necessarily those of Waka Kotahi

NATIONAL SEISMIC HAZARD MODEL 
(NSHM)
The updated NSHM incorporates revised ground shaking 

parameters based on new information and improved 

scientific techniques. The modelled outputs do not 

require an automatic change, however, to how our 

infrastructure is designed. The position of Waka Kotahi is 

that the newly released National Seismic Hazard Model 

(NSHM) does not immediately affect Waka Kotahi issued 

design standards and guidance, including the Bridge 

manual. 

Waka Kotahi is closely working with MBIE who is 

currently engaged with Engineering New Zealand and 

relevant technical societies to assess what changes 

to building design standards are required, and how to 

include the NSHM results in regulatory settings for new 

buildings. During this process Waka Kotahi will assess the 

implications for our infrastructure.

More information on the updated NSHM can be found 

on The Ministry of Business, Innovation and Employment 

- Hikina Whakatutuki (MBIE) website: https://www.

building.govt.nz/getting-started/seismic-work-

programme/national-seismic-hazard-model/

REMINDER ABOUT TANS  
(TECHNICAL ADVICE NOTES)
Technical advice notes are produced by Waka 

Kotahi to keep practioners aware of new releases, 

interim advice, changes and updates to technical 

information, specifications, legislation and so forth in 

relation to highway projects.

In addition to looking at design standards such as 

the Bridge manual, practioners should always check 

for applicable TANs. These are relatively easy to 

search with some degree of success. 

A recent problem has been identified resulting 

from our own efficiency! Changes or requirements 

covered in TANs that affect, for instance, the Bridge 

manual are incorporated into the next revision to that 

document. As a consequence, those TANs are then 

withdrawn and don’t come up when searched for in 

the general page. The issue with this is that projects 

are designed (generally) to the Bridge manual (in 

this case) applicable at the time of award. So, if an 

amendment of the Bridge manual follows the project 

award the TANs applicable to the previous version 

are gone! However, they are not, and you simply need 

to check the withdrawn TANs. Waka Kotahi is looking 

into how to avoid this unhappy situation going 

forward but be forewarned in the interim. 

Here’s a list of TANs applicable in the 

geotechnical space to help you out in the meantime: 

noting this is not exhaustive and there may be 

others applicable depending upon exactly what 

area of infrastructure you are working in. Find them 

all here: https://www.nzta.govt.nz/roads-and-rail/

highways-information-portal/technical-advice-note/

S7 Geotechnical structures inspection policy sets 

out the requirements for the inspection of geotechnical 

structures on the state highway network and follows the 

philosophy of S6 and is generally comparable. Specific 

changes between them are the inclusion of terms 

and definitions that apply to the S7 policy; definition 

of geotechnical structures; categories of inspection 

applicable to geotechnical structures; inspection 

frequencies; reporting requirements and example pro-

formas. It is anticipated that inspections will begin in 

the next NLTP period and increase in subsequent NLTP 

periods as more are ‘discovered’ and added to the asset 

data base.

The next phase of this process is an inspector’s course, 

somewhat similar to the bridge inspectors’ course but 

geotechnical structure focused. We are looking for 

interesting images of geotechnical structures under 

duress: if you have some, we’d be keen to hear from you: 

quick way to get your name in print (photo credit)!

UNSTABLE SLOPES AND ROCKS!
Draft guidance documents: Rockfall Protection Systems 

Maintenance Guide (an area where there is little to no 

guidance for works completed prior to 2020) and Rockfall 

Projection Structures Design Guide (to unify design 

approaches and methods which currently vary widely 

between designers with associated risk profiles for Waka 

Kotahi and supplement existing MBIE guidance) will soon 

be available for comment. Both documents relate to Waka 

Kotahi highway works though it is recognised they may 

be adopted by other parties. We are keen to align with 

other potential users and interested in any comments 

they may have. If you represent a local authority or other 

potential user, we’d be keen to hear from you to ensure 

we provided a ‘rounded’ document. Contact either myself 

stuart.finlan@nzta.govt.nz or geotechnics@nzta.govt.nz

#15-13 Geotechnical testing and investigations

#15-14 Concrete barriers used to temporarily detain 

rockfall and slope debris

#20-08 Use of GAP65 as a drainage medium to retaining 

and geotechnical structures

#20-09 Use of sonic drilling in ground investigations

#20-10 Use of hollow bar ground anchors and soil nails

#20-15 Use of timber poles for ground improvement

#21-12 Design and procurement of geosynthetics for soil 

reinforcement

#21-13 Seismic design of the facing-to-reinforcing 

connections for mechanically stabilised earth structures

#22-04 Release of Bridge manual 3rd edition 

amendment 4

#22-10 National Seismic Hazard Model and what it means 

for our design standards

SLOPE ASSESSED RISK LEVEL COURSE(S)
The assessed risk level (ARL) accreditation courses for 

slope risk assessment and mitigation works identification 

are finally under way in February 2023 with two courses 

centred in the North Island. Future courses in the North 

and South Island are planned. Thanks to all for your 

patience whilst navigating through C-19! 

For those who administer the outcome of the ARL 

assessment, Waka Kotahi will be running a one-day session 

for network managers and others outlining what the system 

is, what the results mean and what to do with them. If this 

is you and you’re interested in attending, get in touch!

Those seeking more information can contact  

ARL_Course@nzta.govt.nz

UPDATE ON S6 BRIDGES, GEOTECHNICAL 
STRUCTURES AND OTHER SIGNIFICANT 
STRUCTURES INSPECTION POLICY
An inspection policy specific to geotechnical structures 

has been through ratification and is about to be 

published. S7 Geotechnical structures inspection policy 

replaces the existing geotechnical aspects in S6 (Bridges, 

geotechnical structures and other significant structures 

inspection policy). 
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With the release of the National 

Seismic Hazard Model (NSHM) it has 

been a busy time for the technical 

societies; New Zealand Geotechnical 

Society (NZGS), Structural 

Engineering Society (SESOC) and 

New Zealand Society for Earthquake 

Engineering (NZSEE), as they work 

collaboratively to provide guidance 

and updates to members. This 

includes preparation and recent 

issue of guidance documents:

•   Interim advice on National Seismic 

Hazard Model release

•   Earthquake design for uncertainty; 

Interim guidance

•   SESOC Interim design guidance; 

Design of conventional structural 

systems

•   Seismic risk guidance for buildings

And in late October the joint 

societies hosted the symposium 

“Earthquake Design for Uncertainty”. 

Along with MBIE and EQC, the 

technical societies contribute to 

the Joint Committee on Seismic 

Assessment of Existing Buildings 

(JCSAEB) as they review the Seismic 

Assessment of Existing Buildings 

Guideline and its implementation.

The technical societies have 

also been working on resources to 

inform Low Damage Seismic Design 

(LDSD).

Each of these initiatives provides 

valuable input to advancing our 

earthquake engineering practice, 

including foundation engineering. An 

outline and status of each of these 

initiatives is presented below.

INTERIM ADVICE ON 
NATIONAL SEISMIC HAZARD 
MODEL RELEASE
This can be found www.nzsee.org.

nz/db/PUBS/2022-NSHM-Advisory_

Rev1.0_October-2022-SESOC-

NZSEE-NZGS.pdf

This document was issued at 

Earthquake engineering: NZGS collaborative  
work with SESOC and NZSEE
by Stuart Palmer

the same time as the NSHM was 

released. The key messages from 

the document are quoted below in 

italics. Further explanation is added 

in square brackets [….]:

•   The NSHM represents the latest 

scientific knowledge in earthquake 

hazard and is an important input 

into managing earthquake risk in 

the built environment.

•   The NSHM informs design 

standards and design actions. It is 

not a design standard or design 

actions standard and should not 

be used as such.

•   Specialist knowledge is required 

to properly compare the NSHM 

(either the new 2022 model or 

previous 2010 model) against the 

design spectra in NZS1170.5:2004. 

More information will be given on 

this topic in the planned seminars. 

[The seminars were held in late 

October. Refer to the NZSEE 

website for a recording of the 

seminar.]

•   Risk is a combination of likelihood 

and consequence. In this case 

likelihood is the potential for a 

damaging earthquake to occur. 

Large earthquakes are rare events. 

MBIE’s document Seismic Risk 

Guidance for Buildings gives 

guidance on risks posed by 

buildings to occupants.

FOR NEW DESIGN
•   Engineers should remember that 

the minimum compliance pathway 

has not changed. Until B1/VM1 is 

updated, B1/VM1 continues to cite 

NZS1170.5:2004.

•   For geotechnical design 

the Section 175 Guidance 

in Earthquake Geotechnical 

Engineering Practice Module 1 

(V1, 2021) has not changed and 

can continue to be used. That 

guidance will be reviewed in 

parallel with the update of B1/VM1.

•   [With respect to timing of 

changes to Building Code “At 

this stage, MBIE is planning 

to consult on an initial set of 

proposed changes to B1/VM1 in 

mid-2023. This initial review will 

consider how to incorporate the 

new hazard information into the 

current design approach……MBIE 

intends to confirm timeframes in 

the coming months.”]

•   It’s recommended that engineers 

discuss the existence of the new 

earthquake hazard information 

with clients, and MBIE’s intent to 

progress some building regulation 

updates in the coming years. 

Ensure they are aware that the 

2022 NSHM itself is not a design 

standard, and that any proposed 

changes will be consulted. 

[Further guidance was provided 

in the October seminar. Refer 

NZSEE website for a recording of 

the seminar.]

•   Refer to the August 2022 

document “Earthquake Design 

for Uncertainty”, for good design 

principles to assist with better 

performance in the face of  

hazard uncertainty. 

FOR ASSESSMENTS
•   Use the design earthquake 

actions of NZS 1170.5:2004 (as 

cited by B1/VM1 on 1 July 2017) 

and Earthquake Geotechnical 

Engineering Practice Module 

1 (V0, 2016) for all seismic 

assessments when calculating 

the %NBS rating. This is a legal 

requirement for EPB assessments, 

and allows for fair comparative 

assessments of all buildings. 

[This applies to “all seismic 

assessments” i.e. not only those 

for EPB assessments but also 

those for other purposes.]

EARTHQUAKE DESIGN FOR 
UNCERTAINTY; 
INTERIM GUIDANCE
This can be found www.nzsee.org.

nz/db/PUBS/Earthquake-Design-for-

Uncertainty-Advisory_Rev1_August-

2022-NZSEE-SESOC-NZGS.pdf

More important than the 

uncertainty in future “code 

minimum” until the update of B1/

VM1, is the uncertainty in what 

shaking a structure that we are 

designing will feel during its 

life. It won’t be the specific ULS 

earthquake you considered in design. 

It will likely be something less but 

possibly something more. It will all 

depend on what earthquakes occur. 

This Guidance encourages designers 

to concentrate on good design 

(resilient design) rather than the 

specific “code minimum” demand. 

Or as a structural engineering 

colleague of mine would say “design 

the building not the earthquake!”

These quotes from the Guidance 

document nicely summarise the 

philosophy:

Whilst uncertainty in the 

ground shaking hazard is 

out of an engineer’s control, 

uncertainty in building 

performance can be controlled 

through design. 

Design buildings to behave in a 

predictable, desirable manner 

in earthquakes, even when 

subjected to shaking that is 

more intense than anticipated.

And from section 7 (geotechnical) of 

the Guidance:

The design objectives include a 

low probability of collapse with 

ULS shaking, and collapse is not 

expected with intensities greater 

than ULS shaking (beyond 

ULS). It is not the intent to 

meet ULS design requirements 

beyond ULS intensity of 

shaking, but rather to check the 

soil, foundation and structure 

system for potential instability 

or collapse mechanisms 

beyond ULS shaking. If collapse 

potential is identified, then the 

design should be modified to 

mitigate this. 

As an example of what “beyond 

ULS” means consider a building on 

shallow foundations in Hamilton 

subject to reduced vertical support 

if liquefaction was to occur. The 

ULS demand (0.25g M5.9) may not 

trigger liquefaction, but a 1000 year 

event (0.32g M5.9) could trigger 

liquefaction resulting in  reduced 

vertical support. If this reduced 

support could lead to instability of 

the structure this may dictate the 

use of piles rather than the shallow 

foundations to mitigate this  

adverse effect.  

“Earthquake design for 

uncertainty; Interim guidance” does 

not include specific guidance on how 

to design “beyond ULS” but further 

guidance is included in “SESOC 

Interim design guidance, Design of 

conventional structural systems”, 

which is discussed below.

SESOC INTERIM DESIGN 
GUIDANCE
DESIGN OF CONVENTIONAL 
STRUCTURAL SYSTEMS
This document is owned by SESOC 

but includes recommendations for 

foundation engineering. Therefore, 

NZGS and SESOC considered it 

appropriate that NZGS provided 

review and input to the document.

This interim guidance is a 

means of disseminating updates 

regarding what constitutes good 

practice with respect to specific 

aspects of structural and foundation 

engineering. 

The foundations section of the 

document includes information at 

the structural/geotechnical interface 

to add to that in Module 4: (V1 2021). 

That includes:

•   Structural and geotechnical 

engineers working collaboratively

•   Design considerations between 

SLS and ULS, and beyond ULS. 

Yes, some specific guidance to 

add to the general guidance 

in “Earthquake design for 

uncertainty; Interim guidance”.

•   Geotechnical strength reduction 

factors including for capacity 

design.

•   Design of foundations to resist 

seismic lateral loads.

•  Soil structure interaction.

JOINT COMMITTEE ON 
SEISMIC ASSESSMENT OF 
EXISTING BUILDINGS
This committee, including NZGS 

representation, has been meeting 

monthly to identify actions to 

advance the review of the Seismic 

Assessment of Existing Buildings 

Guideline and its implementation. 

Subgroups from the committee then 

work to advance those actions with 

MBIE support. Actions complete or 

in progress include:

•   Seismic risk guidance for 

buildings: 

This has been completed as 

discussed below.

•   Seismic Assessment Guidelines 

- Implementation Review 

Workshops, October 2022: 

Workshops in Auckland 

Wellington and Christchurch 

sought feedback from engineers 

involved in seismic assessment of 

existing buildings to inform the 

review of the guidelines and its 

implementation.

•   Explore options of change or not 

to seismic Assessment of Existing 

Buildings and %NBS, considering 

likely code changes (proposed 

update to B1/VM1) to earthquake 

shaking demand for new building 

design. Representatives for MBIE, 

NZSEE, SESOC and NZGS are 

currently exploring these options.

SEISMIC RISK GUIDANCE 
FOR BUILDINGS
This can be found www.building.

govt.nz/getting-started/seismic-

work-programme

•   The purpose of this document is 

to assist engineers in explaining 

earthquake risk to building 

owners, tenants and occupiers. 

The driver for preparing this 

document was a concern that 

decisions to vacate buildings were 

being made on the basis of a low 

%NBS rating alone. A %NBS rating 

alone is not a risk assessment. 

The document outlines how a risk 

assessment can be undertaken to 

inform continued occupancy or 

vacating a building. It describes 

risks posed by earthquakes 

relative to other risks we accept 

each day.
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•   As engineers and scientists, we 

can show responsible leadership 

by explaining to the public and 

our clients the low life safety risk 

that earthquakes pose.  The Risk 

Guidance compares the risks of 

a new building, an earthquake 

prone building, flying and driving 

a car. This shows that driving a car 

in NZ is approximately twice as 

risky as occupying an earthquake 

prone building.

Life safety risks are often 

quantified in terms of the annual 

fatality risk for an individual. New 

buildings are designed with a 1 

in 1,000,000 annual fatality risk 

due to earthquakes.

An earthquake-prone bulding 

(<34%NBS) is estimated at 1 in 

40,000-100,000 annual fatality 

risk. Flying in an aeroplane has 

an estimated fatality risk of 

approximately 1 in 700,000 and 

driving a car in New Zealand is 

estimated to carry a fatality risk 

of 1 in 20,000.

LOW DAMAGE SEISMIC 
DESIGN
With MBIE support, the technical 

societies worked in 2020 in 

developing this design resource. 

MBIE have further development 

of this resource on hold as other 

tasks are prioritised. The program 

for completion and issue of this 

resource is yet to be determined. 

Key information in this design 

resource includes:

•   The resource provides guidance 

for developing building designs 

which can be expected to be 

less vulnerable to damage in 

earthquakes than buildings 

designed only to “code minimum” 

requirements.

•   For low damage seismic design, 

increasing the SLS1 design 

requirement from a 25 year to 

a 50 year event is proposed. 

Consideration of a damage control 

limit state (DCLS) between SLS 

and ULS is proposed.

•   Having a holistic view to design 

and collaborative work between 

disciplines is seen as paramount 

for low damage design, e.g., 

tolerance of architectural finishes 

to deformation must align with 

the deformation limits objectives 

of the structural and foundation 

design.

The NZGS Weekly Newsletter 

will provide you with updates of 

these and other initiatives from 

the Technical Societies which are 

relevant to NZGS members.

 DDrriillll  FFoorrccee  NNeeww  ZZeeaallaanndd  ooffffeerrss  aa  ccoommpplleettee  ssoolluuttiioonn  ttoo  ssuuppppoorrtt  yyoouurr  ddrriilllliinngg  aanndd  CCPPTT  ggooaallss,,  wwiitthh  
oovveerr  3355  ppuurrppoossee  bbuuiilltt  ddrriilllliinngg  aanndd  CCPPTT  rriiggss,,  bbaacckkeedd  bbyy  oouurr  ccoommmmiitttteedd  pprrooffeessssiioonnaall  ssttaaffff;;      

WWee  HHaavvee  WWhhaatt  IItt  TTaakkeess  TToo  GGeett  TThhee  JJoobb  DDoonnee!!  
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TechDrill 150 and 200, Fast set up 4X4 Truck mounted 

diamond drilling rig. HQ/PQ core with Automatic SPT 

If reinforcement and stabilisation 
on soft soils are problematic for 

your TC2/TC3 ground or your road, 
rail, airport, seaport or working 

platform then Naue SECUGRID 
and COMBIGRID are proven 
solutions for practical design  

and constructability.
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A TEAM OF volunteers across a 

variety of government departments, 

consultancies and construction 

firms have been volunteering their 

time on the development of a new 

design and construction guideline 

for ground anchors.  We have been 

quite radical in our approach and 

taken the best parts of the British 

and FHWA standards and developed 

a specific LRFD design methodology.  

We have developed an approach 

that will be useable across a wide 

range of uses for ground anchors 

and a variety of project scales from 

residential to major infrastructure 

projects.  The guidance will cover 

the following aspects:

•  Whole life cycle from design 

conception, through consenting, 

construction and post-

construction maintenance 

guidance.

•  Corrosion protection measures 

for anchors and head details and 

outline when they should be used 

on projects.  

•  Past experience on different 

drilling methods in New Zealand 

geology typologies and provide 

guidance on what methods work 

best for different soil and rock 

conditions.  

Ground Anchors: Design and Construction 
Guideline Update

•  Guidance on sacrificial and 

production anchor testing and 

standard testing forms.

•  CAD drawings of typical anchor, 

corrosion protection and head 

details.

As part of the proposed design 

process, the strength reduction 

factors will be able to be scaled 

depending on a variety of risk factors 

and whether or not site-specific 

anchor pull out testing is completed.  

This will allow project designs to 

be optimised during larger staged 

design processes and reduce the 

length and/or the number of anchors 

required and help justify earlier site-

specific testing for projects.  

This document is currently getting 

finalised and the proposed release 

timeframes are outlined below:

•  Draft document released for 

NZGS member comment – End 

of 2022/Start of 2023.

•  Presentations on the document 

content will be rolled out 

regionally – 1st quarter 2023.

•  Comments close – 2nd quarter 

2023.

•  Document finalised and released 

for industry use – 3rd quarter 

2023.

•  NZGS training will be rolled 

out regionally after the final 

document is released.

The NZGS management committee 

would like to thank the following 

volunteers for their ongoing 

contribution on this project:

•  Pathmanathan Brabhaharan 

(WSP)

•  Katy Cottingham (Dam Safety)

•  Tim Farrant (MBIE)

•  Stuart Finlan (Waka Kotahi)

•  Eleni Gkeli (Stantec, NZGS 

Management Committee Chair)

•  Sam Glue (Beca, NZGS 

Management Committee)

•  Robert Hillier (Tonkin + Taylor)

•  Tony Kao (MBIE)

•  Ian McPherson (Aurecon)

•  Tim Pervan (HEB)

•  Ayoub Riman (ENGEO, NZGS 

Management Committee)

•  Kiran Saligame (MBIE)

•  Greg Saul (WSP)

•  Lars Schmidt (Holmes)

•  David Sharp (Grouting Services)

•  Nima Taghipouran (WSP)
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From The Archives
We looked through the archives and found this article from November 
1982.  Gavin Archer’s article on “Some Aspects of Ground Anchor 
Design” is still very relevant today and compliments the update we 
have in this issue to the Ground Anchor Specification.
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Phil Glassey  
GNS Science

Chris Massey 
GNS Science

Tools for managing landslide hazards resulting  
from the next large earthquake
Chris Massey and Phil Glassey, GNS Science

FIGURE 1: Structure of the EILD research programme.

THE EARTHQUAKE-INDUCED LANDSCAPE 
DYNAMICS RESEARCH PROGRAMME
The Earthquake-induced landscape dynamics (EILD) 

research programme is studying the impacts of the 

November 2016 Mw 7.8 Kaikōura earthquake to quantify 

post-earthquake landscape changes. More than 30,000 

landslides have been mapped that were triggered by the 

Kaikoura 2016 earthquake shaking, along with landslide 

dams and damaged hillslopes. Ongoing hazards, 

including reactivated landslides, river  aggradation, 

avulsion and formation of alluvial fans and increased 

river channel instability, have resulted as the landslide 

debris cascades from hillslope to sea. These hazards may 

persist for decades and centuries therefore represent 

a prolonged hazard that must be managed by the 

impacted communities.

This MBIE-Endeavour funded project is led by 

GNS Science with several NZ research partners and 

international collaborators. The objective of the five-year 

programme (2018-2023) is toward effective management 

of earthquake and post-earthquake landslide risk through 

development of tools (calculators, guidelines and 

case studies) guided by evidence-based analysis. The 

outcomes and outputs of the research programme will 

be presented to the Geotechnical Society branches early 

in 2023, and further feedback solicited.

The programme has six physical science and 

engineering research aims around a hub (Figure 1) 

focusing on developing tools to manage landslide and 

cascading sediment hazards.

An on-line toolbox, containing the tools, as well 

as data and case study examples, will better inform 

landslide hazard avoidance and provide risk-management 

methods and practices for people and stakeholders that 

may be affected by future earthquake-induced hazards 

in New Zealand and overseas. The tools and data will 

populate a framework that will allow people to manage 

the risk to life, property and infrastructure from landslide 

and other sediment hazards caused by such events. 

EILD TOOLS AND DATA
The tools and data developed from the research 

programme that will be available are given in Table 

1. These will be accessible via the EILD website (see 

slidenz.net). Papers, reports, guidelines, videos, 

visualisations and blogs from the research are also 

Tool/Output Type Description

Kaikoura 2016 Earthquake-induced 
landslide database

Data/GIS Landslide polygons and attributes (current version 2.0 is 
location only)

Landslide Dam database of NZ Data/GIS Locations of landslide dams and attributes

Run-out distance database Data/tabulated empirical relationships between the run-out distance, the 
height of a slope and the volume of the displaced mass for 
various landslide types

EQ Induced Landslide Forecast (map) Map/Script Landslide probability maps based on pga

Rockfall Activity Rate System (RoARS) Tool/Script
Forecast of landslide debris from a slope generated by 
earthquake.

Dimensionless Blockage Index (DBI) Tool/Script
Predicts whether or not a landslide dam may fail, once 
formed.

Fahrböschung Angle (F-Angle) Tool/Script
Uses empirical data to predict run-out distance of a failure on 
a given slope. 

Seismic design of slopes guideline Guideline/report NZTA published guideline for slope designers

Slope characterisation Guideline/report Case studies/practice notes/training

Landslide Guidelines for planners ver.2 Guideline/report Updated 2007 landslide guidelines

Landslide Risk assessment summary Guideline/report Summary of risk assessment methods

Landslide EWS Design and protocols Guideline/report Requirements for an end-to-end landslide warning system.

EILD Website and online tools Website
Update research progress, gateway to tools, databases and 
guidelines – https://slidenz.net.

EIL Webmap Webmap Landslide data, National EIL forecast maps, 

TABLE 1: Tools and data to be provided from the EILD research programme. 
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LANDSLIDE DAM DATABASE
The New Zealand Landslide Dam Database (NZLDD) 

compiles over 1000 landslide dams, including those 

formed during the 2016 Kaikōura earthquake and other 

historic and prehistoric landslide dams still visible 

throughout New Zealand (Morgenstern et al., in prep). 

The database includes points and polygons for landslide 

source, debris trail, and dam areas, as well as attributes 

relating to each of these features.

DIMENSIONLESS BLOCKAGE INDEX  
(DBI) TOOL
The DBI Tool is under development and is based on the 

Dimensionless Blockage Index (DBI) developed by Ermini 

and Casagli (2003). From the relationships between the 

river valley, landslide dam morphologies and catchment 

conditions, the probability of failure of a landslide dam 

that has formed will be able to be estimated. The DBI 

Tool requires dam height and volume, and catchment 

area above the dam as input.

LANDSLIDE RUN-OUT TOOL (F-ANGLE)
Analysis of the Kaikoura landslide mapping along with 

other databases, has determined empirical relationships 

between the run-out distance, the height of a slope and 

the volume of the displaced mass, for various landslide 

types (Brideau et al. 2021). Using these relationships, a 

runout angle (Fahrböschung angle) can be determined 

and used, to estimate the run-out distance for a certain 

landslide volume and type. The F-Angle tool provides the 

run-out angle (see Figure 6) - the user will have to then 

calculate an approximate run-out distance based on their 

relationship between the volumes of rock that fell 

from selected Port Hills rock slopes during the 2010/11 

Canterbury Earthquake Sequence (CES), New Zealand, 

in response to earthquake shaking. The tool has also 

been calibrated against similar data relationships from 

the Rocky Mountains of North America. The method and 

results are presented in Olson et al 2020 and Massey 

et al. (2022). A tool interface has been developed as 

shown in Figure 5 and once end-user feedback has been 

integrated, it will be available from the EILD website and 

the GeoNet website, where the interactive numerical 

tools will be hosted.

available via the website. A webmap has been developed 

(Figure 2) and datasets will be added and updated as 

they become available and some will be downloadable. 

The tools developed will be iteratively released over the 

next few months 

EIL FORECAST TOOL
The prototype earthquake-induced landslide (EIL) 

forecast tool (Version 2.0) produces a model of landslide 

probability after a significant earthquake in near-real 

time – approximately 5-7 minutes after being triggered. 

The function of this tool is to provide rapid advisory 

information about the ‘intensity’ and likely location of 

landslides following a major earthquake in New Zealand, 

using a 0.2 g Peak Ground Acceleration (PGA) shaking 

threshold. The tool is now operational within the National 

Geohazard Monitoring Centre (NGMC) of GeoNet and 

will take measured earthquake ground accelerations 

and generate a map depicting the probability that a 

landslide might occur at a given location. These products 

will be pushed out as a rapid advisory information to 

infrastructure managers, emergency managers, major 

landowners and insurers, to guide post-earthquake 

reconnaissance. The landslide models underpinning the 

EIL tool can also be used to develop landslide probability 

maps for land use planning prior to an event if, for 

example, the National Seismic Hazard Model PGAs are 

used as inputs to the tool.

The current landslide model in the tool is trained on 

data from three historical earthquakes; the 2016 Kaikōura 

earthquake, the 1969 Inangahua earthquake and the 1929 

Murchison earthquake. The landslide models are based 

on deep learning and Artificial Intelligence (AI) statistical 

methods and trained on the three landslide  datasets. 

Maps showing landslide generated by the accelerations 

of different return periods (100-, 250-, 500- and 1000-

year return period shaking) based on the pre-2022 

National Seismic Hazard Model (NSHM) for New Zealand 

are available from the website (Figure 3). The methods 

along with the methods and datasets used in the process 

to develop the models are described in a science report 

and paper (Massey et al., 2021; Towhata et al., 2022). 

The tool will be updated and trained on new earthquake 

induced landslide datasets and the revised NSHM PGAs 

as they become available.

ROARS - ROCKFALL ACTIVITY RATE SYSTEM
The Rockfall Activity Rate System (RoARS) provides an 

indication of the magnitude of rock/debris that could 

fall from a slope – of a given height, angle, and area 

– (Figure 4) at different levels of earthquake shaking, 

including the associated uncertainties. This can provide 

an estimate of the volume of material that could fall from 

a given slope during an earthquake, and which might 

need to be removed.

The RoARS forecasts are derived from an empirical 

FIGURE 3: Earthquake-induced landslide probability map for earthquake shaking for a 1000-year return period peak ground 
acceleration from the EILD webmap.

FIGURE 4: Illustration of the slope parameters required to 
generate the Rock Activity Rate.

FIGURE 2: The webmap that can be accessed via the website. The map shows the fault ruptures associated with the 2016 Kaikōura 
earthquake and the mapped locations of the 30,000 landslides that were generated by the earthquake shaking.
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FIGURE 5. Alpha version of the Rock Activity Rating System tool interface

FIGURE 6: Alpha version of the F-angle tool interface
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GUIDE TO LANDSLIDE RISK METHODOLOGY
An overview and summary of the methods and 

requirements of assessing landslide risk based on 

international best-practice examples, including risk 

analysis conducted post the Canterbury Earthquake 

sequence. This document will point towards other 

guidelines and examples and will link with the updated 

landslide guidelines for planners.

PROTOCOL FOR DESIGNING A LANDSLIDE 
EARLY WARNING SYSTEM
A guideline for the development of Landslide Early 

Warning Systems (LEWS) in Aotearoa New Zealand 

is being prepared. The work report aims to support 

individuals and organisations who are considering 

establishing a LEWS in New Zealand, so that the resulting 

system follows best practice and is evidence-based. 

PROPOSED CONTEXTUAL FRAMEWORKS
One proposed framework that provides context for 

the use of the tools and data is given in Figure 7. 

The flow chart, based on an event, indicates which 

tools, databases, case studies, guides can be utilised 

to respond to, recover from, and ultimately improve 

resilience to the impacts of the next event. Any 

framework will be hosted on the website with links to 

databases, tools and guidelines.
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specific slope and the probability exceedance criteria. 

The F-angle tool can be used by landslide practitioners 

and as a first estimate of the runout of a given landslide 

and the extent of its hazard footprint.

SEISMIC DESIGN OF SLOPE GUIDELINES 
This report, developed by WSP, provides a review of 

the performance of anthropogenically modified slopes 

in historical earthquakes, a review of recent research, 

consideration of New Zealand’s distinctive topography 

and seismicity, and limited numerical analyses. Guidelines 

have been developed for the seismic design of high cut 

slopes along transportation routes. A resilience-based 

design approach is proposed, to achieve an economical 

design, consistent with the resilience expectations for the 

transportation route. This work is currently available from 

the Waka Kotahi/NZTA website and via a link from the 

EILD website.

Slope characterisation case studies and practice notes

Investigations of several slopes along the Kaikoura 

transport corridor will provide a number of case studies 

and practice notes for engineers and constructors. From 

these it is expected that a short course on rock slope 

design will be developed and delivered.
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1. INTRODUCTION
Extreme rainfall events in the early months of 2022 caused 

major damage and disruption to much of the east coast of 

Australia, including the Greater Sydney area. The average 

rainfall for Sydney is about 1,200mm per year. By October 

2022 Sydney had recorded its highest annual precipitation 

on record, with 2,194mm falling in just 279 days.

The ongoing rainfall resulted in hundreds of slope 

instability issues, many of which damaged roads and 

other infrastructure requiring critical inspections and 

remediation. Two Aurecon Engineering Geologists from 

Christchurch had the opportunity to travel to New South 

Wales to assist the Sydney Team with these works.

Below is a brief description of three sites that formed 

part of the critical remediation works and provide a 

good representation of the typical failure mechanisms 

observed across the Greater Sydney Area.

2. GALSTON GORGE OVERSLIP
Galston Gorge is located to the North of Sydney within 

the Berowra Valley National Park and is the main 

route between Hornsby Heights and Galston. The road 

winds down a steep valley characterised by stepped 

Hawkesbury Sandstone bluffs. The heavy rainfall events 

triggered numerous failures along the gorge road, 

including rockfall and slips from the upslope which led 

to temporary road closure. Most of the failures were 

relatively minor and could be remediated with targeted 

areas of shotcrete and scaling. However, one section 

of the road approximately 100m in length proved 

troublesome.  

The first inspection at this section of the gorge was in 

response to two adjacent localised failures, comprising a 

small overslip and a boulder dropout. 

Several large sandstone boulders were suspended 

on the slope which were unsupported when the soil 

profile became saturated and weakened. Resulting in 

a 20m3 boulder releasing onto the road below. Erosion 

control shotcrete had previously been installed below 

the boulders but had slid with the soil and was displaced 

on the slope. Another sandstone, boulder in the order 

of 75m3, appeared unstable above the shotcrete and 

became the immediate priority to remediate. 

Several methods of hazard mitigation were 

considered, including breaking apart the boulder using 

expanding grout, or stabilising the boulder in place. 

However, the preferred method was to remove the 

boulder using airbags, eliminating the hazard, and 

minimising the need for the Contractors to work on 

and around the boulder. The boulder was successfully 

dislodged and retained by a soil bund below where it 

could be broken up and carted off site. 
With the boulder hazard removed, the focus shifted 

to stabilising the exposed soil from where the boulder 

was removed and remediating the adjacent shallow slip. 

The slip was initially relatively minor and was limited 

to approximately 1m in depth, with the overlying soils 

sliding on the bedrock surface. The recent rainfall had 

saturated the upper soil profile, causing the colluvium 

and clayey residual soil to become unstable. Ongoing 

monitoring indicated the slip was still creeping, as well  

as showing slight movement in the soil mass above  

the headscarp.

Additional heavy rainfall events in the following days 

meant that the already near-saturated soils became 

more unstable, and the slips regressed further upslope. 

The regression meant that more large boulders were 

exposed in the headscarp with the potential to drop out. 

Additionally, dilation and disturbance of the colluvial soil 

was observed up to 35m above the road, indicating the 

potential for even more regression. The ongoing delays 

and added travel time caused by the slip meant that the 

pressure to reopen the road was mounting.

Emergency works were carried out to stabilise the 

slope ahead of impending rain. The slope was cut 

back to expose the naturally benched Hawkesbury 

sandstone in the lower slope and the overlying soil was 

battered back and covered with geofabric. After closely 

monitoring the slip’s behaviour during additional periods 

of rainfall, the road was considered safe to reopen while 

the permanent design was finalised. 

The permanent design for the two adjacent sites 

consists of three main components: gravity retaining 

walls at each slip failure, rock bolting of large boulders on 

the slope, and localised shotcrete for erosion control. The 

retaining wall is keyed into the upper exposed sandstone 

bench to mitigate instability within the colluvium and 

residual soils behind. The slip was excavated to behind 

the upper tension cracks, benched, and backfilled with 

drainage gravel. An extensive drainage system was also 

designed to mitigate the main failure mechanism. With 

this solution in place, the road is now reopened and is 

resilient to any future instability in this area.

FIGURE 1 - Example of typical minor failure at Galston Gorge. One of many that occurred along the road 
during heavy rainfall events.
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FIGURE 2 - The initial boulder dropout at Galston Gorge. The large boulder atop the slope was dislodged using airbags. Note the 
displaced shotcrete on the bottom left of the large boulder. 

FIGURE 3 - The 75m3 boulder that was dislodged from the slope using airbags. 
FIGURE 5 - The constructed remediation of the Galston Gorge Road slip, comprising a Massbloc retaining wall with gabion 
basket facing, horizontal drains, and shotcrete.

FIGURE 4 - The initial overslip at Galston Gorge. Note the over-steepened headscarp and boulders within the soil.
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However, unlike similar cases where underslips have 

resulted in significant damage to road surfaces, McKell 

Avenue remained largely undamaged. Whilst the edge 

of the road and barrier were displaced by the landslide, 

the majority of the road was protected by an in-ground 

reinforced concrete pile wall. The age of this wall is 

unknown, it may be many decades old and perhaps 

was installed due to some previous instability, because 

it is considered unlikely that this wall would have been 

installed during the original road construction. 

The existing piles meant that the road could continue 

to be used in the upslope lane while a remedial 

solution was developed. Pile integrity testing indicated 

that although the piles prevented a more significant 

failure of the road, they are not adequate to continue 

solely supporting the road. The final design includes 

the installation of additional reinforced concrete piles 

with foam mass concrete lagging to support the road 

reinstatement.

5. CONCLUSION
New Zealand has faced many of the same challenges 

as NSW in response to heavy rainfall in recent months. 

Flooding in Nelson caused many landslides affecting 

important infrastructure. Much of the North Island has 

also experienced an abundance of slips as a result of 

4. MCKELL AVENUE UNDERSLIP
The McKell Avenue site is located within Royal National 

Park, about 35km southwest of Sydney, and five 

kilometres to the west of Garie Road. The road traverses 

eastward down the side of a steep valley and is partially 

cut into Hawkesbury Sandstone which is exposed on 

the uphill side of the road. The downhill side of the road 

is supported by fill placed at a steep batter angle. The 

ground conditions at the site are similar to Galston Gorge 

and Garie Road, with a 1m to 2m layer of colluvium and 

residual soil overlying sandstone.  

In early March 2022, around the time of the more 

extreme rainfall events in the area, a landslide on the 

downslope side of McKell Avenue formed. The failure 

was 55m in length and extended 35m downslope, with a 

vertical displacement of 1.2m at the headscarp. 

The topography and poor drainage at this section 

of the road resulted in a significant amount of road 

runoff water being directed towards the slip area. This 

concentration of surface run off from heavy rainfall is one 

of the major factors contributing to the slope failure. The 

other contributing factor is the over-steepened batter 

and added weight of road fill material on the slope. As 

seen in many of the other slope failures in the region, the 

landslide failed as a shallow planar slide of the saturated 

soils over rock.

in a significant increase in both horizontal and vertical 

displacement of the tension cracks. Additionally, the 

cracks extended in length by 5m at the southern end of 

the site. 

The total offset in the scarp was now in the order  

of 400mm vertically and 250mm horizontally. The 

landslide continued to move at an increased rate of 

approximately 20mm/day to 60mm/day over the 

following days until eventually a large headscarp had 

formed. The progression of the slip can be seen in the 

below photos. 

Several factors contributed to the formation of 

this landslide. The topographic features of the site 

concentrate stormwater into the damaged culvert 

beneath the road. Heavy rainfall events caused excessive 

amounts of water to inundate the culvert and infiltrate 

the soil in the slope. As seen at Galston Gorge, saturated 

residual soil from weathered sandstone can become 

highly unstable. A relic slip scarp approximately 2m high 

on the downslope side of the road is evidence that the 

area has experienced slope instability in the past. 

With the road remaining closed, a continually moving 

slip, and environmental roadblocks associated with works 

in a National Park, Garie Road has proved a challenge 

to deliver a solution that will allow traffic to access the 

popular beach spot in summer. 

3. GARIE ROAD UNDERSLIP
Garie Road is located in Royal National Park to the south 

of Sydney and services access to Garie Beach, a popular 

summer destination. The road is formed on cut and fill 

sidling a moderately steep hillside, and the location of 

the failure was within a small gulley. The site sits within 

the Narrabeen Group Sandstone, close to the geological 

boundary of the Hawkesbury Sandstone.

Close to 100mm of rain fell on 26 March 2022, which 

was followed by reports of an underslip at Garie Road. 

An initial site inspection observed dilated tension cracks 

with up to 20mm displacement in a typical U-shaped 

geometry. The cracks extended across half the width 

of the road and were about 60m long. A culvert passes 

beneath the road in the centre of the failure which 

appeared to be damaged. 

With forecasted heavy rain, a damaged culvert and 

indications of pre-failure movement, the decision was 

made to close the road. 

Aurecon surveyors installed survey markers and 

carried out a baseline survey. Over the following days 

subsequent site inspections and surveys revealed a 

steady rate of movement of approximately 3mm per 

day. The slope failure was a textbook example of a slow-

moving rotational landslide. Another 60mm of rain fell 

over a three-day period from 29 to 31 March, resulting 

FIGURE 6 - The first development of cracks in Garie Road on 
28 March 2022. Note the 20mm horizontal and vertical offset.

FIGURE 8 - The headscarp of the Garie Road underslip 
on 02 April 2022. Note the horizontal and vertical offset 
marked on the road from 7 days prior.

FIGURE 7 - The expanded tension cracks at Garie Road 
30 March 2022.

FIGURE 9 - The fully developed headscarp of the Garie Road 
underslip on 12 May 2022. 
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the wetter-than-average winter. Natural events are 

something that we cannot control nor avoid. Therefore, it 

is important that we are prepared for when they arrive. 

With the rainfall intensity subsiding and the warmer 

months approaching in NSW, the focus for the rest of 

2022 has been on the construction of the numerous 

remedial works. Although, with any more rainfall the 

team will have their hands full completing ongoing  

slope inspections. 

Those involved with these works have dealt with 

pressure to reopen roads as fast as possible while 

battling extreme weather events, working in busy roading 

corridors, lots of unstable slopes, and not to mention 

dangerous local fauna. The Consultants, Contractors 

and Client have put in a massive effort to manage the 

risks for the hundreds of slopes across Sydney requiring 

inspections and remediation. With plenty more work  

left to do, all parties are hoping for some continual 

settled weather.

FIGURE 10 - McKell Avenue landslide headscarp on 22 March 2022. Note the exposed concrete piles supporting the road. 

FIGURE 11 - Close up photo of the exposed piles in the McKell 
Avenue headscarp.
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ABSTRACT
The Gisborne/Tairāwhiti area is particularly susceptible 

to landslide hazards due to (1) the region’s location 

on an active plate boundary, (2) steep slopes, (3) 

relatively young, soft geology, (4) land use change, 

and (5) extreme rainfall events including landfall of 

extra-tropical cyclones. The interplay of several of these 

factors led to a particularly damaging rainfall-induced 

landsliding event in early November 2021, following 

>200 mm of rain falling in parts of the district over 

24 hours. The rainstorm caused a Multiple Occurrence 

Regional Landslide Event (MORLE), impacting 

residential properties and infrastructure in the city and 

rural areas, and a State of Emergency was declared. 

Here, we report mainly on the landslides in Gisborne 

city and suburbs, based on field reconnaissance, as 

well interferometric synthetic aperture radar (InSAR) 

monitoring of slopes in the years and months prior to 

the event. Since November 2021, other rainfall-induced 

MORLEs have also occurred in the region, highlighting 

the vulnerable nature of Gisborne to the impacts  

of geohazards.

1. INTRODUCTION
Multiple Occurrence Regional Landslide Events 

(MORLEs) are a common mode of landsliding in New 

Zealand, historically occurring 2-3 times per year, on 

average (Crozier, 2005). Usually, MORLEs occur due 

to rainfall triggering, but also occur due to earthquake 

triggering (Crozier, 2005). One event alone can 

involve thousands to tens of thousands of individual 

landslides occurring, almost simultaneously, over areas 

of ~20,000 km2. Over 3-7 November 2021, a Multiple 

Occurrence Regional Landslide Event (MORLE) affected 

the Gisborne region of the northeast North Island, 

damaging residential properties in Gisborne/Tairāwhiti, 

and impacting on important infrastructure. The regional 

nature of the November 2021 event meant that a State 

of Emergency was declared. The event was manifested 

by greater than 280 shallow landslides within Gisborne 

city and suburbs (Figure 1A, B), as well as reactivation 

of several large landslide ‘complexes’ in the wider 

region. Two examples of the latter are near the Te Arai 

water pipeline, 25 km southwest of Gisborne and the 

Wairoa-Gisborne rail line at Whareongaonga, 30 km 

south of Gisborne (Figure 1). 

FIGURE 1: (A) Simplified geology of the Gisborne region with Te Arai and Whareongonga landslides also shown; 
(B) the main landslides following the November 2021 storm in and around Gisborne city and suburbs (numbers are 
reported in Table 1), abbreviations are from Mazengarb and Speden (2000).
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Nevertheless, while there was significant damage to 

some buildings in Gisborne and infrastructure, there were 

no fatalities. A further MORLE event in the Gisborne/

Tairāwhiti-Wairoa region occurred following heavy rain 

generated by a slow-moving ex-tropical storm during 

21-30 March 2022, but that event is not the focus of  

this paper. 

Events of these magnitudes make it extremely 

challenging to map landslides covering such large areas 

using conventional ground-based mapping practices and 

site-specific in situ monitoring such as extensometers and 

inclinometers. In recent years, interferometric synthetic 

aperture radar (InSAR) has emerged as a key remote 

sensing approach to allow remote areas to be rapidly 

surveyed without exposing people or equipment to risk 

(Hu et al., 2014). The spaceborne images can be taken in 

all weather conditions at night or day, allowing continuous 

coverage of a site, providing surface deformation 

resolution of cm to mm scale accuracy (Hu et al., 2014). 

The aim of this paper is twofold: (1) to provide an 

overview of the key characteristics of the landslides and 

damage caused by the 3-7 November 2021 event; and 

(2) outline some insights provided by Interferometric 

Synthetic Aperture Radar (InSAR) of slope deformation in 

the months and years leading up to the event.

2. STUDY AREA: GEOLOGY AND RAINFALL
Gisborne city (Figure 1) contains 60% of the entire 

region’s buildings, and is primarily built upon the 

Poverty Bay Flats, a low-lying alluvial flood plain of the 

Waipaoa River on Quaternary alluvium (Q1al, eQal) and 

dune deposits (Q1b). Surrounding the plain are steep 

hills composed of Neogene and Quaternary weak, 

smectite-rich sedimentary rocks and soils. Neogene 

units around the city and suburbs include mid-late 

Miocene Tolaga Group mudstones and sandstones. 

Also, the mid-Miocene Tunanui Formation alternating 

sandstones and mudstones are to the east of the city 

(Figure 1B). This is overlain on many ridges across the 

city by the early Pliocene Mangaheia Group mudstone, 

and the Quaternary Mangatuna Formation. The latter 

is typically composed of fossiliferous clay, tephra, 

sandstone and blue-grey mudstone and is commonly 

associated with shallow soil failures (Mazengarb, 1997). 

Neef et al. (1996) further subdivided the Mangatuna 

Formation into: the (1) Calhome Member (oldest), formed 

of paleosols, redeposited siltstone, and tephras; (2) 

Matokitoki Member, gravel and sandstone; and (3) Town 

Hill Member, fossiliferous clay, tephras, and sandstone. In 

the wider region, as a result of uplift, tilting, and incision, 

numerous large, deep-seated landslide complexes have 

been recognized in the Neogene sediments (Figure 1A; 

McGovern et al. 2021), which are in typically weakly-

consolidated mudstones and sandstones. Tilting of these 

sediments often forms a ‘cuesta’ topography, of shallow 

dip slopes and steep scarp slopes. 

The weak rocks are particularly susceptible to large 

slope failures facilitated by bedding-plane defects. 

Gisborne city receives ~1000 mm rainfall annually, but 

often this falls as high intensity extreme rainfall (Figure 

2), including during the passage of extra-tropical 

cyclones, leading to shallow slope failures (Cook et al., 

2022a,b,c). During the course of the 3-7 November 2021 

event, 250.7 mm fell over the 4 days in Gisborne city 

itself, which was unprecedented over the last 3 decades 

(Figure 2). The highest rainfall totals for this event were 

recorded in the Wharerata ranges (377 mm) to the south 

of Gisborne, and at Panikau Rd (359 mm) in the Pakarae 

catchment to the north (Figure 3).

3. SITE RECONNAISSANCE
Some of the more visually striking landslides in the 

region during the declared State of Emergency were 

shown nationally in the media/social media (e.g. 

MacManus, 2021).  The University of Auckland sent 

a small team to assist Gisborne District Council and 

members of GNS staff also visited the broader region. 

An aim was to assist in “triaging” the landslide-damaged 

residential properties (e.g., Figure 4; Table 1) into 

different land damage categories.

FIGURE 2: Monthly rainfall totals for Gisborne automatic weather station 1990-2021 (-38.659 S, 177.985 E), illustrating 
the magnitude of the 3-7 November 2021 event. Gisborne’s 1990-2020 mean annual rainfall is 995 mm; 250.7 mm fell 
3-7 November 2021. FIGURE 3: Rainfall distribution for the November 3-7 2021 storm. Rainfall data provided by Gisborne District Council.
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drainage. The saturated failed fill material also exhibited 

high mobility, flowing south across the nature strip 

and down Ballance Street (Figure 4A). Other notable 

slope failures include a slump-earthflow that flowed 

downslope towards the property below at 395 Clifford 

Street, with the headscarp formed underneath the 

deck of a house at the slope crest (Figure 4 B, C; Table 

1, landslide #6). Slumping also occurred at Belgium 

Terrace, forming tension cracks and displacement of 

a tennis court surface (Figure 4 D, E; Table 1, landslide 

#4). A failure also occurred adjacent to a swimming 

pool on a slope at Gaddums Hill Road (Figure 4H; 

Figure 5), which flowed downslope toward the property 

below on Darwin Road (Table 1, landslide #16). This was 

another intriguing landslide, with the swimming pool 

installed in the first half of 2018, and in an area where 

landslides have occurred in the past (Figure 5C).

Table 1 provides a list of the largest landslides in 

the urban and suburban region, alongside summary 

information about the characteristics and attributes.  

The location of these main landslides are provided on 

Figure 1B.

As can be seen from Figure 4, the landslides 

exhibited the typical characteristics of rainfall-

triggered landslides in the Gisborne region, namely 

rotational slumps that transition downslope into shallow 

earthflows (Figure 4B, C), as well as failure of fill and 

retaining walls (Figure 4A). Some failures exhibited 

high mobility, particularly when the soils were highly 

saturated and landslide debris was channeled down 

gullies. In particular, the fill failure at the corner of 

Ballance Street and Hill Road (Table 1, landslide #7,8) 

was a significant landslide associated with the failure 

of an unconsented retaining wall with questionable 

FIGURE 4: Examples of urban/suburban landslides, November 2021: (A) Ballance Street fill/retaining wall 
failure; (B, C) slump-flow originating below a deck, flowing down to Clifford Street; (D, E) slumping at 
Belgium Terrace; (F) retaining wall failure Owen St; (G) Richardson Avenue slump-flow; (H) slump-flow and 
displacement of pool infrastructure, Gaddums Hill; (I) shallow earthflows, Wheatstone Road.

# Address Slope failure summary

1 35 Winter St Not reported until months later by neighbours reporting sediment discharge. Downhill 
of Argyle St, movement of unstable low angle failure; complete failure in March 2022 
storm

2 24, 26, 28 Argyle St Large tension crack to drop extending from 24 to 28 Argyle, worst affected 26 Argyle; 
major reactivation following March 2022 storm

3 8 Diana Drive Slumping on boundary resulting from neighbour landscaping close to foot of retaining 
wall; exacerbated by weight of water in swimming pool close to edge

4 4 Belgium Tce Moderate-sized slip on boundary between #4 and adjacent property, no obvious 
contributing factors

5 16 Massey Rd Landslide on steep slope adjacent to garage; tree removal on slope a factor; debris 
impacting property on Oswald St below

6 371, 395 Clifford St Significant landslide undermined deck @371; stormwater discharge onto unstable slope 
& weight of swimming pool on edge of steep face contributed; s124; debris & threat to 
395

7 192 Hill Rd Major landslide; large unconsented retaining wall with poor drainage controls failed; 
blocked Hill Rd isolating occupant requiring urgent medical treatment

8 194 Hill Rd Significant tension crack with some slumping at edge of face at 194; risk to 194a&b; s124 
notices issued

9 16 Stanford St Slumping of slope above house exacerbated by vibrations from truck unloading large 
digger on road reserve above slope.

10 35 Richardson Ave Reactivation of 2019 landslide; new cracking & slumping below ridgeline near house

11 80&82 Stout St Slumping on land on riverbank caused by failure of stormwater system 

12 1 Owen St Major slip on riverbank but above flood height; main driver ground saturation and 
elevated pore pressures in Matokotoki Member

13 29&27 Island Rd Slip on boundary of 29 & 27; contributing factors poor stormwater controls @ #29, 
elevated river levels and saturation of slope toe by river

14 100 Riverside Rd Small landslide on steep hill landed in creek; debris flow from creek discharged downhill 
onto property

15 149 Riverside Rd Small slip close to house as a result of undercutting by small stream on boundary

16 28 Gaddums Hill Rd, 17 
Darwin Rd

Major slip at 28 Gaddums Hill; swimming pool at edge of steep slope contributing 
factor; debris and threat to 17 Darwin Rd below

17 171, 179 Gaddums Hill Rd Collapse of slope on road edge undermined power transformer; debris flow downslope 
with damaged fences on adjacent blocks; stormwater from adjacent houses a factor

18 2 Williamson Ave Failure on stream bank driven by flood height affecting toe

19 1 Moana Rd Failure on stream bank driven by flood height affecting toe; exacerbated by high levels 
of water flow from road culvert on headscarp

20 18 Sirrah St Collapse on bank close to house; blocked road isolating ill person

21 79 Wheatstone Rd Shallow slumping on southeast-facing slope; actively deforming for several years

TABLE 1: Summary of main urban and suburban slope failures from November 2021  
(see Figure 4 for location).
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4. INTERFEROMETRIC SYNTHETIC 
APERTURE RADAR (INSAR)
Over the past two decades, InSAR has been used to 

provide high-resolution (i.e., mm-scale) space-borne 

monitoring of subsidence, seasonal ground movements 

associated with expansive soils, as well as landslides 

(Wasowski and Bovenga, 2014). InSAR complements 

traditional on-site landslide observations and 

measurements (Aslan et al., 2020), particularly since 

the launch of Sentinel-1 in 2014. Sentinel-1 was the first 

civilian satellite designed explicitly for InSAR analysis 

and produced free, open-access data. The relationship 

between slope geometry and the sensor is extremely 

important when using InSAR to map landslides. This is 

because the actual displacement of a slope can only be 

obtained if the slope dip direction is parallel to the line 

of sight (LOS) of the sensor (Notti et al. 2014). The LOS 

is generally in an approximately eastward (ascending) 

or westward (descending) direction.  Therefore, a 

standard method used to identify the actual component 

of the landslide movement is to project the LOS velocity 

(VLOS) along the direction of the slope to acquire the 

VSLOPE (Notti et al., 2014; Wasowski and Bovenga, 2014). 

The method is explained in more detail in Cook et al. 

(2022c). 

Sentinel-1 images from 2016 to 2021 (revisit time 

= 12 to 24 days) were used from descending and 

ascending orbit directions. The stacks of SAR images 

were processed using ISCE (Rosen et al., 2012), and 

displacement and time series were obtained using 

MintPY (Yunjun et al., 2019). A timeseries of preliminary 

InSAR results for the Gaddums Hill Road landslide 

(landslide #16, Table 1) is shown in Figure 5D. As can be 

seen from the plot, continual downslope movement has 

been occurring at the site even before installation of the 

swimming pool in the first half of 2018. The data also 

hints at a minor acceleration in movement during 2021, 

though there is considerable scatter within the dataset. 

Figure 6 shows Gisborne-wide InSAR results from 2016-

2021, and in some areas, ~50 mm of deformation has 

occurred prior to the November 2021 event, in areas that 

experienced landsliding during the event. 

The Wheatstone Road area (Figure 6A) is of particular 

interest (landslide #21, Table 1), due to the abundance 

of shallow landslides in the area during the November 

2021 event (Figure 4I). Figure 6 displays the VSLOPE 

values from the ascending data set and a timeseries back 

analysis for a slope on Wheatstone Road, a slope that 

has failed several times in the past and was reactivated 

during the November 2021 rainfall event.  Indeed, as can 

FIGURE 5: Slump-earthflow at Gaddums Hill Road, which flowed downslope from north end of swimming pool toward 17 Darwin 
Road (landslide #16, Table 1): (A) pre-failure imagery from 2017; (B) post-failure imagery from 2019; (C) 2019 pre-failure LiDAR 
showing existing landslide headscarp areas (black lines) and InSAR target (dot inside red circle); (D) 2016-2021 InSAR showing 
gradual downslope movement, with slight increase through 2021.
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also be noted that north and south-facing slopes are 

somewhat unfavorable for Sentinel-1 InSAR because the 

slopes are perpendicular to the line of sight (LOS). This 

alignment makes InSAR analysis challenging, particularly 

for detecting translational or rotational movement 

downslope. This highlights the site-specific complexities 

in utilizing InSAR for monitoring some landslides.

Rural parts of the Gisborne region also experienced 

slope failure during the November 2021 event (Figure 7). 

For example, Te Arai Landslide is of importance because 

of its proximity to the water pipeline, which transports 

most of Gisborne city’s drinking water.  Te Arai Landslide 

reactivated during the November 2021 storm, and 

extended part-way across the valley, damming Te Arai 

River, forming a lake (Figure 7A,B). 

Te Arai Landslide is a deep-seated “complex” landslide 

(Hungr et al. 2014), ~0.17 km2 in area, extending ~700 m 

be seen in the InSAR data (Figure 6B,C), substantial (~70 

mm) downslope movement has occurred over 2016-2021. 

In addition, a site at the top of the slope close to the 

house at 79 Wheatstone Road (Figure 6B, white circle) 

showed an increase in downslope movement in response 

to the November 2021 storm (Figure 6C). Moreover, the 

broader InSAR analysis revealed that many of the other 

landslides that occurred following the November 2021 

rainfall event were on slopes that had been actively 

deforming for several years. On some slopes, site-specific 

factors such as vegetation removal, land use changes 

and modification to slope geometry and drainage, are 

clearly also important. In addition, the timeseries of 

the longer-term deformation (2016-present) indicates 

a strong seasonal component (Figure 6C), related to 

the shrink-swell of the clay-rich soils. This has been 

reported in more detail in Cook (2022b,c).  It should 

FIGURE 6: Location of main urban and suburban landslides (see Table 1), and example InSAR results: (A) map of the 
VSLOPE results from the ascending data set showing unstable slopes across the city; (B) aerial imagery (from 2017) 
of Wheatstone Road in Gisborne City, that reactivated during November 2021 event; (C) time series of deformation 
in the LOS acquired from the point highlighted in the white circle in B, plotted against total monthly rainfall.
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properties. The soft, sensitive smectite-rich surface 

materials in the Gisborne urban and suburban region 

react to changes in moisture content, particularly 

following the removal of vegetation, and are thus 

susceptible to high magnitude rainfall events. The 

impact of new construction on the loading of slopes 

and decreasing factors of safety is unknown. Likewise, a 

detailed analysis of “made ground” characteristics and 

retaining wall design has not been undertaken here, but 

is likely of relevance to slope stability at some of the 

sites encountered. Landslides in the Gisborne area were 

typically shallow earth slumps transitioning downslope 

into flows. Some of these flows showed remarkable 

mobility, especially when concentrated within gullies, 

or when on steeper slopes. Recent surface deformation 

was observed using InSAR and typically detected slow 

deformation of the slopes, primarily in the vertical 

direction, related to the characteristic rotational 

slumping exhibited by the upper sections of landslides. 

The time series of the longer-term deformation 

(2016-present) indicates a strong seasonal component, 

related to the shrink-swell of the clay-rich soils. 

Nevertheless, in this study, InSAR provided a valuable 

tool for analyzing the evolution of slope deformation 

through time and identifying unstable slopes over 

a wide area. These sites can then be prioritized 

and targeted for a more detailed geotechnical site 

investigation and improvement design.

westwards, and 230 m vertically, downslope from the 

ridgeline at ~350 m asl (18° overall gradient). Failure 

is probably mainly as an earthflow without a clear 

structural control, though defects in the underlying 

late Miocene Tolaga Group mudstones are exposed in 

outcrop along-slope from the toe (Figure 7B). Another 

large deep-seated landslide active during the November 

2021 storm is the Whareongaonga Landslide (Rosser et 

al., 2021), on the coast ~30 km south of Gisborne, formed 

within alternating sandstones and mudstones of the mid-

Miocene Tunanui Formation (of the Tolaga Group; Figure 

7C, D). Again, this contrasts with the shallow slump-

earthflows that typified the Gisborne urban area.

The Whareongaonga Landslide undermined the 

already damaged Wairoa to Gisborne rail line and buried 

several sites important to Ngāi Tāmanuhiri, including a 

pā site, Māra kai (food gardens) and taunga ika (fishing 

grounds). Preliminary DEM-differencing by GNS indicated 

1.3 million m3 of material was displaced by the November 

2021 event, with a lobe of material extending into the 

ocean below the intertidal zone (Rosser et al., 2022). By 

late December 2021, the toe had been eroded by the sea 

by ~50 m. After the March 2022 storm, a further 50 m 

eroded from the toe.

5. SUMMARY AND CONCLUDING REMARKS
The November 2021 storm caused substantial damage 

in the Gisborne urban/suburban area to residential 

FIGURE 7: Large volume, rural landslide examples: (A) Te Arai landslide complex that reactivated and extended to ~30 from the Te 
Arai water pipeline, damming the Waingake/Te Arai River, forming a lake; (B) unfavorable mudstone bedding dip exposed near toe; 
(C) Whareongonga Landslide including (D) view from headscarp and undercutting Wairoa-Gisborne railway line.
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We imported the SLOPE/W model into TSLOPE2, a 2D 

and 3D limit equilibrium slope stability analysis program. 

The material parameters, slope reinforcement (soil 

nails, geofabric), and all subsurface geometry are used 

to establish the 3D model, as shown in Figure 2. The 

boundaries of the 2D regions comprising the different 

materials shown in Figure 1 are automatically extruded to 

form volumes in TSLOPE. 

FIGURE 2 TSLOPE model showing soil volumes, anchors, 
geofabric and transparent panel on line of section used for 2D 
slope case

To confirm the SLOPE/W analysis, we carried out 

the same 2D analysis in TSLOPE (Figure 3). We used 

Spencer’s method of analysis, as it provides complete 

force and moment equilibrium. Figure 3 shows the 

normal forces acting on the base of the slices (black 

arrows), and the line of thrust (red line). 

There are two aspects of this analysis that we needed 

to address; the line of thrust departing from the slide 

body, and an area of tension near the crest of the slope 

(red slices). These were corrected by modelling a 0.5m 

deep tension crack, with only insignificant change in 

computed factor of safety. Our calculated factor of safety 

(1.17) compares very closely with the SLOPE/W result of 

1.20, as shown on Figure 1.

The failure surface shown on Figure 3 is a circle (in 2D) 

however TSLOPE represents this as a three dimensional 

object, i.e. a sphere. This sphere can then be used as a 

failure surface in a 3D slope analysis. However, since we 

rarely observe spherical failure surfaces, an ellipsoid was 

utilised as a more credible shape. For this example, we 

have arbitrarily modified the spherical surface by halving 

the dimension of the sphere in the y direction. 

Figure 4 shows the results of a 3D analysis, generated 

starting from the information in Figure 3, i.e. the 2D 

situation. In 3D, the slope is discretised as vertical 

columns, the equivalent of slices used in 2D analyses.

2  TSLOPE (www.tagasoft.com)

to resist stronger shaking with limited deformations. 

Independently of how the seismic coefficient is derived, 

the NSHM will yield stronger ground motions than that 

which would result in the application of NZS 1170.5.

One of the ways we can effectively assess whether 

a slope has sufficient resistance to a pseudostatic 

earthquake force is to use a 3D limit equilibrium analysis, 

rather than the traditional 2D methods. We have applied 

a 3D approach to a number of slope studies in the 

Wellington region, including a slope adjacent to the 

Wellington Fault that was described by McPherson (2017). 

This paper provides an example where 2D analyses 

underestimate the factor of safety, and shows how a 3D 

analysis can provide a better understanding of how the 

slope is likely to behave under seismic loading.

2. SLOPE EXAMPLE
Kendal-Riches (2018) described the North Canterbury 

Transport Infrastructure Recovery design for wall 375 

that was constructed as part of the repair of State 

Highway 1 following the 2016 Kaikoura earthquake. The 

wall comprised a gabion basket wall immediately above 

a soil nailed slope. The 2D model used for analysis with 

program SLOPE/W1 is shown on Figure 1, along with the 

result of a pseudostatic analysis for the Ultimate Limit 

State (ULS).

In this case, the applied earthquake loading was 

provided by a horizontal seismic coefficient (k) of 0.4. 

The peak ground acceleration (PGA) used in the estimate 

of k would be larger than 0.4g as shown on Figure 1.

FIGURE 1 SLOPE/W model (after Kendal-Riches, 2018)

1  SLOPE/W (www.geoslope.com)

Ian Brown
TAGA Engineering 
Software Limited

Slope stability analysis and the new  
National Seismic Hazard Model
Ian Brown  
TAGA Engineering Software Limited

KEYWORDS Slope stability, seismic hazard, TSLOPE, 

limit equilibrium analysis, 

ABSTRACT
For many sites in New Zealand, the recently announced 

National Seismic Hazard Model (NSHM) has indicated 

levels of shaking that will make it difficult, in some 

cases, to establish site stability when calculated in a 

conventional 2D limit equilibrium slope stability analysis. 

We provide an example that shows when 3D effects are 

taken into account, the out of plane (third dimension) 

resisting forces provide sufficient additional restraint 

that indicates stability of the 3D volume of soil. 

1. INTRODUCTION
Pseudostatic procedures are commonly used for analysis 

of the seismic stability of slopes. This is a relatively 

simple procedure that is included in limit equilibrium 

slope stability analysis programs, and can be used 

to determine if more complex analyses are needed. 

For background into seismic slope stability analysis 

procedures, we recommend Chapter 10 in the Duncan et 

al. (2014) text book.

As part of a pseudostatic analysis, earthquake loading 

on a slope is represented by a pseudostatic force, 

equal to the weight of the potential sliding volume of 

soil multiplied by a seismic coefficient, k. The selection 

of k is a critical step in the analysis. A rational method 

for selection of seismic coefficients is outlined by Pyke 

(2017) and Kramer (1995). 

On October 4, 2022 GNS released the revised New 

Zealand National Seismic Hazard Model (NSHM) results. 

These provide a means of estimating the strength and 

associated likelihood of earthquake ground shaking 

that might occur at any given site in New Zealand. As 

part of the release of the NSHM, Ministry of Business, 

Innovation & Employment (MBIE) indicated that time 

will be required to determine how the revised hazard 

information will be applied. MBIE has plans to consult on 

an initial set of proposed changes to building standards 

in mid-2023.

The use of the NSHM results in generally increased 

hazard estimates across the country, with some areas, 

such as Wellington predicted to sustain significantly 

higher hazard levels. The upshot of this is that we 

are going to have to figure out how to design slopes 
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the higher seismic coefficient, it may only be possible 

to show an adequate factor of safety does exist with a 

pseudostatic analysis if we utilise a full representation  

of the volume of material and reinforcing elements 

resisting the seismic loading. This requires use of a  

3D slope model. 

We look forward to further discussion among our 

profession, and guidance from MBIE as to how we should 

be applying the NSHM.
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This example shows what we call the “weak layer 

effect”. That is where the 2D analysis does not take 

account of higher strength materials that are above the 

2D failure surface, and thus provide no shear resistance, 

but must be intersected by the sides of the 3D failure 

surface, generating additional resistance. This is indicated 

in Table 1, where the gabion wall, AP65 fill, and concrete 

are not providing resistance in the 2D analysis. The 

relative contribution to stability of the other materials 

also changes between 2D and 3D. 

We have carried out other stability analyses, as 

summarised in Table 2. As expected, there is a significant 

increase in pseudostatic factor of safety moving from 

2D to 3D analyses. The critical seismic coefficient, ky 

was also calculated, that is the seismic coefficient that 

reduces the factor of safety to 1.0. Substantial difference 

exists between the 2D and 3D cases.

3.  DISCUSSION
The 2D and 3D limit equilibrium analyses that we have 

presented show that a 2D analysis can be considered 

conservative, with the yield acceleration calculated nearly 

60% higher in the 3D slope case.

A similar result was obtained by McPherson (2017) 

who found that the yield acceleration for the Haywards 

site 150m west of the Wellington Fault was 0.42 (2D) 

and 0.61 (3D). The slope at Haywards did not have the 

“weak layer effect”, or any reinforcement as shown 

in our example. However the 3D geometry was an 

important part of the slope stability analysis that was not 

adequately represented in a 2D analysis.

Our understanding of the NSHM applied to a 

Wellington site away from the Wellington Fault would 

require an increase in ULS k from 0.27 to 0.53. With 

FIGURE 3 TSLOPE 2D slope case

FIGURE 4 TSLOPE 3D slope case, failure surface with material 

colours at base of columns.

No Material 
name

Dry 
density 
(kN/m3)

Cohesion 
(kPa)

Phi 
(degrees)

No of 3D 
columns

% 3D 
columns

No 
of 2D 
slices

% 2D 
slices

1 Loess 18 5 30 2960 28.0 7 14

2 Concrete 24 500 0 17 0.2

3 Gabion wall 18 300 0 184 1.7

5 Fill 19 5 32 1709 16.1 7 14

7 Mudstone 19 3 40 5097 48.2 36 72

8 AP65 Fill 20 0 37 618 5.8

TABLE 1: Material properties

static
factor of 
safety

k  = 0.4
factor of 
safety

critical seismic 
coefficient ky

2D 2.75 1.17 .504

3D 7.14 2.00 .811

TABLE 2: Summary of TSLOPE stability analysis results CPT testing  
Geotechnical site testing 

Soils, Aggregates and 
Geomechanics testing

GROUNDLINK.NZ

.
.
.
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Accordingly, in the 1980s structural engineers in Australia 

began to develop standardised floor slab designs which 

could cope with varying degrees of soil movement. The 

Australian Residential Slabs and Footings Standard (AS 

2870) was first introduced in 1986, with major revisions 

in 1996, 2011 and 2017. The Standard provides a range of 

floor slab designs for different site soil classes depending 

on the characteristic surface movement of the soil.

Testing soils for expansivity is complex and time 

consuming and so was initially confined to university 

research laboratories. However, AS 2870 for concrete 

slab design required the determination of site soil 

classes based on the characteristic surface movement 

in millimetres. Therefore a relatively inexpensive and 

fast method of determining this characteristic surface 

movement was sought.

In 1996, it seemed that such a method had been 

developed: Professor Stephen Fityus, at the time a 

postgraduate student, proposed a simplified shrink swell 

test which produced an index value that could form the 

basis for determining the characteristic surface movement 

of nearly any soil, anywhere, and was especially 

convenient because it did not require a test for soil suction 

(Fityus, 1996). This simplified Shrink Swell Test was then 

included in another Australian Standard, AS 1289:2003. 

Fityus was the lead author of a seminal article published 

in 2005 endorsing the use of the Shrink Swell Index in 

Australia (Fityus, Cameron, and Walsh, 2005).

The Building Research Association of New Zealand 

(BRANZ) commissioned an evaluation of the applicability 

of the Standards for use in New Zealand (Brown et al., 

2008). The BRANZ evaluation recommended that the 

soil expansivity of any particular site be determined by 

taking core samples and measuring the soil shrinkage 

index by means of either the Shrink Swell Index, or 

core shrinkage index methods specified in AS 1298 

Test Methods 7.1.1 or 7.1.3. This clearly endorsed the 

Shrink Swell Test to be suitable as the basis for the 

determination of concrete floor design for residential 

buildings in New Zealand, but it did so without any 

critical analysis to verify that the Shrink Swell Test did, 

in fact, remove the initial moisture bias. The fact that the 

soil samples at Red Beach produced a shrink-swell index 

of 6.7 in winter and 2.8 in summer should have raised 

alarm bells that the test was unreliable.

In their introduction, Brown et al. (2008) state:  

(bold added);

“As an additional part of the investigation into the 

expansive characteristics of soils in the Auckland Region, 

a review was undertaken of the geotechnical reports 

held by the local territorial authorities… copies have 

been obtained of all the shrink-swell laboratory test 

information contained in those files. An analysis of the 

individual swell-strain and shrink-strain components 

making up the shrink-swell index has been undertaken 

to determine the relative influence that each of the 

strain components has on the overall index, and to 

determine if the relative influence changes significantly 

with soil type, time of season or sample depth.”

disaster in waiting. With the Shrink Swell Test endorsed 

by MBIE as the basis of an acceptable solution for 

buildings on expansive soils, this places geotechnical 

consultants and building consent authorities (BCAs) 

in legal jeopardy. These concerns were expressed by 

Hargreaves as far back as 2008 (Hargreaves, 2017), but 

action is still yet to be taken.

AN UNINSURABLE PERIL
There is a peril damaging residential buildings which is not 

generally protected by cover from private insurers, nor 

from the Earthquake Commission (EQC) – even under the 

proposed changes to be brought by the Natural Hazards 

Insurance (NHI) Act. That peril is drought.

Auckland and Northland are often thought of as 

warm and sub-tropical, especially since rainfall-induced 

flooding and land slippage have been the main hazards 

over the past few years. But it is easy to forget what 

happens when it stops raining for a prolonged period. 

In Australia, Melbourne has experienced multiple 

significant droughts over the past 20 years, whereas in 

Auckland the last significant drought years were over 50 

years ago in 1973 and 1974. At that time, modern brick and 

tile houses supported on concrete slab foundations were 

being erected on newly created subdivisions. Seventy-two 

houses were damaged due to the soil’s shrinking. Brittle 

buildings on concrete slabs were found to be particularly 

prone to damage, but this did not receive much attention. 

Perhaps this is because damage from drought does not 

result in any fatalities – so the notion of a “drought prone 

building” is not taken seriously.

Moreover, people tend to think of drought as something 

which only affects the rural sector. Restrictions on the 

use of water (e.g. watering gardens and washing cars) in 

urban areas has been relatively uncommon, but this may 

be about to change. NIWA are predicting that Auckland 

and Northland are going to see some seasons become 

drier with a higher risk of drought (Pearce, 2017).

Whereas in Australia, its arid soils are vulnerable to 

swelling during flooding, in Auckland and Northland, the 

normally moist soils are more vulnerable to shrinking. 

In both cases, the soils at risk of such shrink-swell 

movement present a significant risk of damage to 

houses. These soils (mostly clays) are called expansive in 

New Zealand, and reactive in Australia. 

By the 1980s, concrete slab foundations for residential 

dwellings became the norm in New Zealand, generally 

including attached garages. This transition from suspended 

timber floor and weatherboard houses to concrete floor 

slabs and permanent cladding (such as bricks) in the 

1970s has not only increased the residential losses from 

insurable perils like earthquakes and floods, but also from 

the uninsurable peril of drought: damage to houses from 

shrink-swell soil movement is specifically excluded under 

the current EQC Act and the proposed NHI Act.

THE ORIGINS OF THE SHRINK SWELL TEST
In Australia, 6 of the 8 largest cities are located on 

expansive (a.k.a. reactive) soils, particularly Melbourne. 

Drought Prone Buildings 
An Unmitigated Disaster in Waiting

by Rogers, N., McDougall, N., Teal, J., Thomas, M., Soysa, S. 

INTRODUCTION
Shrink Swell, drought-prone buildings, expansive soils 

INTRODUCTION
The Shrink Swell Test is used ubiquitously in New Zealand 

for expansive soil testing. However, emerging research 

continues to cast serious doubts on its soundness and 

suitability for this purpose. The evidence suggests that 

the test has an initial moisture content bias: the Shrink 

Swell Index value mostly depends on the moisture 

content of the soil when it was sampled. This bias is so 

strong that in many cases it does not appear that any 

useful information can be obtained from the test at all.

Tonkin + Taylor (T+T) first advised MBIE of these 

issues in 2019, and of the consequences: that the 

performance of residential buildings on concrete slab 

foundations during droughts may be compromised. MBIE 

requested a paper, and this was published two years 

ago in New Zealand Geomechanics (Rogers et al. 2020), 

together with presentations of the findings to the New 

Zealand engineering community.

In the present paper these findings (and their 

implications) are revisited, as well as three further 

developments since the publication of the original paper.

Firstly, a response to the original T+T article was 

authored by one of the original proponents of the shrink-

swell test in Australia (Fityus, S and Burton, 2020), which 

was published in Australian Geomechanics together with 

the reply (McDougall, N. and Rogers, N., 2020).

Secondly, another group has independently come 

to similar conclusions by comparing the Shrink Swell 

Indices of the same soil over a period of two years under 

varying initial moisture contents in Melbourne, Australia 

(Karunarathne et al., 2020). 

Thirdly, research has been undertaken examining in 

more detail the properties of different soils in Auckland, 

New Zealand (Kaith, 2021); and again this arrives at 

similar conclusions as the original T+T paper.

Despite the overwhelming empirical evidence 

demonstrating the shortcomings of the Shrink Swell Test, 

there has been a surprising (and disappointing) lack of 

interest in re-examining its use and changing the approach 

to the investigation of expansive soils in New Zealand.

The consequence of inaction is potentially thousands 

of buildings in New Zealand being constructed each year 

with inadequate foundations to protect from drought – a 
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strain does not correlate with the initial moisture content.

In theory, the swell strains would decrease with 

increasing initial moisture content, which would 

counteract the increase in the shrink strain, so that when 

added together in the formula for the Shrink Swell Index, 

the effect of initial moisture content can be neutralized:

ISS = (εShrink + 1/2 εSwell) / 1.8

Alas, the evidence shows this is not the case. The factor 

of 1/2 cannot even be calibrated differently to fix this 

issue: the entire premise of opposing initial moisture 

content effects is misguided. And this is by no means 

limited to Auckland, Whangarei and other New Zealand 

locations: the data shows the issue pervades Victoria, 

NSW and Queensland.

Besides this fundamental issue, there are others: one 

unnecessary construction costs, resource utilisation, and 

embodied carbon. Site soil classes of “high” or “extreme” 

are therefore probably of less concern, whereas use 

of “slight” or “moderate” could correspond to under-

conservative slab construction at risk of drought damage.

The risk of drought damage to buildings cannot be 

transferred through insurance. This means that when 

drought damage inevitably occurs, owners will have 

no recourse but to sue councils, architects, builders 

and especially engineers. When structural engineers 

recommend concrete slabs (and when builders use them) 

based on the MBIE-approved acceptable solution, they 

must state that they relied on the geotechnical advice 

based on the Shrink Swell Test and the site soil class.

The fact then, that the Shrink Swell Test is fatally flawed 

should concern every geotechnical and structural engineer. 

There is no  scientific basis for any site soil class derived 

from such test results, and there may be hundreds, and 

possibly thousands, of drought prone houses in Auckland 

alone. Engineers in both Australia and New Zealand have 

already been sued for damage to residential houses that 

has occurred due to excessive soil movement. Collectively, 

structural engineers in New Zealand and Australia have 

used standard concrete slabs for thousands of residential 

buildings based on this flawed test. Whilst residential 

buildings with slab foundations have been around for 

a long time, the modern style of waffle slabs, which 

are optimised to the particular characteristic surface 

movement number derived from the Shrink Swell Test, 

potentially increases the risk profile of such buildings. This 

is no small matter. If a subdivision has 100 lots, and half 

of those now have drought prone houses built on them, 

then even with insurance the excesses alone could exceed 

$10M. This would bankrupt many small to medium sized 

engineering companies.

Yet despite all this, unfortunately many engineers 

maintain that there is no problem, citing as evidence the 

lack of widespread building damage. But we would not 

expect damage to occur until a corresponding design 

event occurs. The absence of damage cannot be used as 

an argument that a building is not drought prone.

DEVELOPING EVIDENCE AGAINST THE 
SHRINK SWELL TEST
The key flaw in the Shrink Swell Test is that the measured 

swell strains do not have any correlation with the initial 

moisture content. This has been true for all published 

datasets except for the original one used to develop the 

test (Fityus ,1996) which had limited data, and none for 

natural soils (13 tests of a single reconstituted clay and 12 

of a single idealized soil).

Figure 1 below demonstrates that swell strains from the 

test do not vary with initial moisture content, unlike what 

is observed for the shrink test strain. Test data from four 

locations are shown: an Auckland Site (Rogers et al. 2020), 

a Victoria Site in Murray Basin (Earl, 2005), an aggregation 

across Melbourne Metropolis Sites (Li et al. 2016), and 

another for NSW and Queensland Sites (Rogers and 

McDougall, 2020). The pattern is always the same: the swell 

However, the report does not actually go on to include 

this analysis of the individual shrink and swell components. 

It would be another 14 years before T+T published an 

equivalent analysis. If Brown et al. (2008) had obtained 

results consistent with later studies, and if these had been 

published, then the Australian Standards (and use of the 

Shrink Swell Test) may have never been endorsed by 

BRANZ for use in New Zealand. In any case, it is deeply 

unfortunate that this analysis was not published.

In 2011 the Australian Standards (including use of site 

soil classes and the Shrink Swell Test) were adopted 

into the New Zealand Building Code. Auckland Council 

included these in their Geotechnical Requirements for 

Land Development and Subdivision in 2013, but this is 

currently under review (2022). 

Thousands of residential concrete floor slabs have now 

been constructed in New Zealand based on the designs 

in AS 2870:2011 using the site soil classes determined by 

the simplified Shrink Swell Test set out in AS 1289:2003.

DISCOVERY OF FLAWS IN THE SHRINK 
SWELL TEST
In mid-2019, a review was undertaken of a large 

residential development in Auckland. The Allotments 

(“lots”) all had the same soil type and therefore they 

should all have had the same site soil class. However, 

they were found to have a wide range of site soil classes. 

This immediately raised concerns that the Shrink Swell 

Test might be unreliable. 

Subsequent analysis undertaken by T+T of more 

than 1000 Shrink Swell Tests undertaken in Auckland, 

Northland and Melbourne, found conclusive evidence 

that the Shrink Swell Test is, in fact, flawed (Rogers et al. 

2020). The issue lies in the swell test component, which 

is not able to properly counteract the moisture content 

bias of the shrink test. In fact, in nearly all the datasets, the 

swelling was nearly zero regardless of the initial moisture 

contents, which in some cases were as low as 10%.

It became apparent that often site soil classes differed 

because of different soil moisture contents at the time of 

testing, not due to different soil expansivity. The wetter 

the soil, the more extreme the site soil class. The result 

is that houses built on the same soils were assigned 

different site soil classes, and hence different floor slabs. 

As discussed later, other researchers have independently 

come to the same conclusion by considering two soil 

types, repeatedly tested over a two year period in 

Melbourne (Karunarathne et al., 2020).

IMPLICATIONS
When the site soil class is improperly chosen, the floor 

slab assigned using AS 2870 would be unsuitable: either 

over-conservative or under-conservative based on the 

possible range of soil movement. Under-conservative 

site soil classes represent drought prone construction 

which could be at high risk of damage under the 

design 500-year return period drought required by 

the Building Code in New Zealand. Over-conservative 

site soil classes are less of a concern but still represent 

is that the swell strains are near-zero in some datasets, 

for example Auckland Site 1 in Figure 1 and the Victoria 

Site. Fityus and Burton (June 2020) acknowledge this 

was “interesting and somewhat unexpected”, and “at face 

value it suggests that the swell behaviour is inconsistent 

and/or not reliably captured in the swell test, which 

would imply a flaw in the test”.

Even so, Fityus and Burton contended that the test 

is not flawed. They primarily did so by explaining why 

a correlation between the Shrink Swell Index and initial 

moisture content would not be surprising, but rather 

expected, even if there were no inherent bias. The 

idea is that the plasticity of a soil (and hence generally 

its expansivity) tends to be correlated with its in-situ 

moisture content (for a fixed suction). As explained in 

the response paper (McDougall and Rogers, 2020), this 

misses the point. The data doesn’t merely demonstrate

FIGURE 1: Plot of the individual shrink and swell components against initial moisture content for four locations.
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TABLE 1: A comparison of Atterberg limits between 
two sites from Karunarathne et al. (2020) in 
Melbourne and Kaith (2021) in Auckland.

Atterberg Limit Braybrook site 
(Melbourne)

Waikowhai site 
(Auckland)

Liquid Limit (LL) 75 80

Plastic Limit (PL) 22 30

Plasticity Index (PI) 53 50

Linear Shrinkage 
(LS)

18 18

Although different soils, the above testing indicates 

that the two nonetheless behave very similarly. The 

Braybrook soils are considered to be extremely expansive, 

so this suggests that the Waikowhai soils could be 

similarly expansive. Yet the shrink swell indexes at these 

two sites varied significantly, as shown in Figure 4.

soil movement is greater than 75mm, and quite possibly 

greater than 100mm.

Data from Geotechnical Completion Reports (GCR) 

submitted to Auckland Council between 2011 and 2021 

from different companies and available on-line suggests 

that over 1,500 buildings have foundation slabs designed 

on the basis of a “Slight” or “Moderate” site soil class. Most 

Auckland soils appear, however, “Highly” or “Extremely” 

expansive. It is highly likely that there are thousands 

of drought prone buildings in Auckland. Accordingly, 

this could already be a billion-dollar problem when the 

next severe drought occurs. In Australia, the scale of 

the problem could be even greater. This should not only 

concern engineers in New Zealand and Australia, but also 

the regulators and the building consent authorities.

It is worth noting that the soils tested by Karunarathne 

et al. (2020) in Melbourne and Kaith (2021) in Auckland 

have some alarming similarities, despite very different 

Shrink Swell Index values. This is illustrated in Table 1, 

comparing these sites’ Atterberg limits.

 that there is a correlation between initial moisture 

content and the Shrink Swell Index, but moreover shows 

the reason for this correlation – that the swell strains do 

not correlate with initial moisture content and cannot 

mathematically cancel-out the bias from the shrink strain. 

Unfortunately, Fityus and Burton did not address this 

point and instead focussed on the quality of the data.

Despite their contentions, in an extraordinary 

postscript Fityus and Burton (2020) state, regarding 

New Zealand practice:

“the simplification of taking a shrink-swell index 

value and multiply [sic] it by a constant (intended 

to capture a default site and profile characteristics 

and probabilistic considerations) to arrive at a 

site classification… deviated substantially from 

the context in which the shrink-swell index was 

conceived, and if… what they have done does 

not serve their practice well, then perhaps 

the adaptations and simplifications that have 

introduced [sic] to adopt the shrink-swell index 

into their local practice might be at least partially 

responsible for this.”

Indeed, this is yet another issue with the use of the 

Shrink Swell Test in New Zealand: it relies on the Shrink 

Swell Index as the “be-all end-all” without considering 

other site-specific aspects and other tests such as 

Atterberg Limits. This overly simplistic approach set 

out by Brown et al. (2008) for Auckland was hardly 

empirically justified, being based on a small dataset of 

22 shrink swell tests across 6 sites. Of those, 20 tests 

were done in pairs, i.e. twice at the same site (and to the 

same depth) for 10 sites, once in October then another in 

March. These pairs are compared in Figure 2.

Even in this small dataset, the initial moisture content 

bias can be inferred: the wetter month of October 2005 

has systematically higher shrink swell index values. 

Moreover, there is very little stability in the shrink swell 

index even at the same site, which casts doubts on 

the validity of relying on a single test at a single point 

in time, as argued by McDougall and Rogers (2020). 

Brown et al. (2008) dismissed this instability by taking 

the average Shrink Swell Index across the two months, 

stating dubiously that “there is no significant difference 

between samples obtained and tested in winter  

and summer”.

Unknown to T+T, Karunarathne et al. in Melbourne 

from 2016 to 2018 were coming to the same conclusion, 

albeit with a considerably smaller data set. That research 

was also published in 2020. Consistent with the data in 

Brown (2008), Karunarathne et al. (2020) found that 

the Shrink Swell index could be 50% higher based solely 

on the time that the soil is tested. This could lead to a 

situation where the site soil of class is assigned as “High”, 

when it should be “Extreme”, leading to the risk of 

drought-prone construction.

In short, it appears that despite being serving as the 

fundamental basis of standards and building codes, 

the Shrink Swell Test has never been the subject of 

considerable scientific rigour; neither the test itself, 

nor the use of it in New Zealand nor in Auckland in 

particular. It seems the only published dataset which 

supports its use is that of (Fityus ,1996) using 15 Shrink 

Swell Tests on two non-natural soils: an idealized soil 

and a reconstituted clay. The Idealised Soil was a 

combination of stockfeed bentonite (20%), kaolinite 

(40%) and beach sand (40%) blended in a rotary mixer 

before being wetted and compacted. The Maryland Clay 

was sampled from 300mm to 600mm depth, dried in 

a blow oven at 250oC, crushed using an LA abrasion 

machine, sieved through a 600 micron screen, and then 

finally the sieved material collected and blended before 

being wetted and compacted.

Figure 3 shows the results published by Fityus for 

these soils: the (negative) correlation between the initial 

moisture content and the swell test strain. These results 

have not been reproduced in New Zealand, Australia, or 

anywhere else in the world. 

In Auckland, recent research by Kaith (2021) showed 

that the Shrink Swell Index could vary by more than 

500% based solely on the initial soil moisture content. 

It was concluded that “clearly initial moisture content 

does not influence the swell test strain significantly, the 

individual shrink and swell test strains may not hold any 

value…” This has significant implications: it could lead 

to a situation where the site soil of class is assigned 

as “Slight”, when it should be “High” or “Extreme”. 

Accordingly, in Auckland it is likely that foundation 

floor slabs have been designed for a site soil class 

of “Moderate”, assuming a characteristic surface soil 

movement of less than 40mm, when in fact the soil is 

actually site soil class “Extreme”, where the characteristic 

FIGURE 2: A comparison of Shrink Swell Index (ISS) values 
between March 2005 and October 2006 from data provided by 
Brown et al. (2008), Rainfall values are from the Monthly NIWA 
National Climate Summary.

FIGURE 3: Plot of swell test strains against moisture content from Fityus (1996) on an idealized soil 
(left) and Reconstituted Maryland Clay (right).

FIGURE 4: A comparison of Shrink Swell Index values obtained for two similar soils studied by Kaith (2021) at the Waikowhai Site, 
and Karunarathne et al. (2020).
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Once again, evidence of a shrink strain bias can be 

inferred. The Atterberg limits in Table 1 demonstrate that 

the soils are very similar, and yet Kaith’s Shrink Swell 

Index values are generally lower and inconsistent, being 

tested during a relatively dry summer in Auckland. This is 

best explained by an initial moisture content bias in the 

Shrink Swell Test.

DROUGHT PRONE BUILDINGS – WHAT CAN 
BE DONE?
A drought prone building can be defined as a building 

supported on footings that are not taken deep enough, 

or on a concrete slab that is not stiff enough, to prevent 

damage to the building in a 500-year (ARI) drought.

For those drought prone houses that have already 

been constructed, measures can be taken to reduce 

the risk of damage during a severe drought. Trees can 

suck a lot of water out of the soil and cause excessive 

soil shrinkage. As a rule of thumb, trees should not be 

planted closer to the house than the mature height of 

the tree. If they are, then these trees should be removed.

Paving can also be placed around the house which 

will reduce the amount of soil shrinkage beneath the 

perimeter house foundations.

For those houses yet to be constructed, pile 

supporting the perimeter of the floor slabs can be very 

effective in reducing the movement of the concrete 

slab foundation. Residential buildings can, therefore, 

be constructed on the expansive soils in Auckland and 

Northland, but not by using a flawed test and site soil 

classes system that has no scientific basis.

Widespread damage from drought is not inevitable, 

but to avoid it, regulators and building consent 

authorities need to act now, as a matter of urgency, 

together with the engineering profession as a whole. The 

first step is to accept that the simplified shrink-swell test 

is flawed and to stop using site soil classes as a basis 

for concrete slab foundation design. The expansive soil 

provisions that were added in B1/AS1 in 2019 should be 

withdrawn. If not, then drought will be a very real peril 

for the future of many engineers, engineering companies, 

and regulators in New Zealand and Australia.
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1. INTRODUCTION 
Further to the paper presented in NZ Geomechnaics 

News, Issue 98 in 2019 (Brook et al., 2019), there has 

been further progress in our research into naturally-

occurring zeolitic mineral fibres such as erionite in New 

Zealand. This article is in response to several requests 

by geologists and engineers at various consulting 

companies in New Zealand. Our aims here are two-fold: 

to provide (1) an update regarding our research, and (2) 

some guidance about analysis and identification of soils 

and rock that may contain erionite. From our research 

findings so far, erionite appears to be rather limited in its 

distribution and concentration in the Auckland region.  

Moreover, although our laboratory analysis work in 

Auckland is still in its infancy after Covid-19 lockdowns, 

there are few sites that we have found so far where 

potentially carcinogenic erionite is present. The sites 

where we have found it, it is in very low concentrations 

and/or below detection limits in rock. So far, only a few 

fragmentary erionite fibres have been found transported 

in the air, and were deposited on vegetation. 

To recap, natural zeolites (as opposed to synthetic 

zeolites) are alteration minerals that form at low 

temperatures (200°C), from volcanic glass, poorly 

crystallised clay, and feldspar or silica in wet situations 

in a variety of sedimentary and volcanic rocks, and in 

soils (Hay and Sheppard, 2001). More than 60 natural 

zeolite species are recognised, with most occurring as 

non-fibrous minerals. However, the zeolites clinoptilolite, 

dachiardite, edingtonite, erionite, ferrierite, gonnardite, 

kalborsite, mesolite, mordenite, natrolite, offretite, 

paranatrolite, scolecite and thomsonite are known 

to occur as fibrous (“asbestiform”) minerals (Patel 

et al., 2022, in press). Of these fibrous zeolites, it is 

only erionite that has been recognized as a Group 1 

Carcinogen by the International Agency for Research on 

Cancer (IARC, 1987). This carcinogenic classification is 

due to erionite fibres being unequivocally linked to the 

malignant mesothelioma epidemic in the Cappadocia 

region of Turkey in the 1970s (Mumpton, 1979). 

Therefore, identifying where erionite may occur, in what 

concentrations, and being able to distinguish erionite 

from other zeolites has important implications for risk 
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assessment of the disturbance of rocks and soils. A 

further fundamental risk issue is whether any the fibres 

are actually respirable.  For example, inhalable dust is 

<100 μm and this is generally visible and can only affect 

the upper respiratory tract. However, respirable dust is 

smaller (<10 μm), is invisible under normal conditions, 

and their extremely small size also means they can be 

breathed deep into your lungs and lead to lung damage 

(WorkSafe Queensland, 2020).

In New Zealand, respirable asbestos (probably also 

appropriate for other mineral fibres such as erionite) is 

defined by the Health and Safety at Work (Asbestos) 

Regulations (2016) as an asbestos fibre that:

• is less than 3 μm wide;

• is more than 5 μm long; and

• has a length to width ratio of more than 3:1.

2. OCCURRENCE OF ERIONITE IN NEW 
ZEALAND: AN UPDATE
In the initial 2019 paper that was published, there were 

significant unknowns then about the occurrence of 

erionite in New Zealand (i.e., was it “asbestiform”?), and 

also how erionite may best be analysed and identified. 

Since then, some progress has been made, and this has 

been funded by capacity-building grants provided by 

MBIE and the Royal Society of New Zealand. Within 

New Zealand, zeolites are found in Northland, Auckland, 

Coromandel Peninsula, the Taupo Volcanic Zone (TVZ), 

and Southland (Christie et al., 2002). Erionite has been 

reported from eighteen locations in New Zealand, in six 

different regions in the North and South Islands, including 

multiple locations throughout the Auckland Region. 

The main geological occurrences for erionite is 

volcanic and volcanically-derived rocks that have been 

subjected to relatively low temperature alteration 

(Mumpton, 1979). The host rocks or erionite are typically 

basaltic and rhyolitic tuff. However, erionite has also 

been identified in sedimentary and metamorphic rocks 

(Schmieder and Jourdan, 2013; Sheppard, 1996). In 

sedimentary rock for example, zeolites typically form 

the cementing matrix, crystallizing within pore spaces, 

and this can lead to a harder “zeolitized” horizon layer 

(Figure 1A). This is often more resistant to erosion 

relative to the surrounding sedimentary layers.

FIGURE 1: (A) Occurrence of erionite in Waitemata Group Timber Bay Formation, Puketotara peninsula, Kaipara 
area, with cemented layer at base of ash unit; B) Cemented ash layer that contains disseminated erionite, Timber 
Bay Formation. Erionite has been detected at 75% in this material. C) Erionite (white) in vesicles within basalt, 
Waitakere. D) Fibrous zeolites veins (white) in rhyolite, Coromandel Peninsula.
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it appears the risk is mitigated by several factors: (1) 

erionite appears to be a rare mineral in New Zealand; 

(2) the temperate maritime climate of NZ contrasts with 

previous cases of known erionite exposure risks such 

as central Turkey and North Dakota; moisture possibly 

mitigates the liberation of erionite fibres from soil and 

rock into the air; (3) dust management on New Zealand 

ground engineering sites is already undertaken, and in 

confined spaces in particular, PPE is already used to 

mitigate dust inhalation including for silicosis risk.  A 

staged approach (e.g., Figure 3) is probably the most 

appropriate approach to understand erionite risk, 

whether or not risk management follows ALARP (as 

low as reasonably practicable) or SFAIRP (so far as is 

reasonably practicable; ONRSR, 2021).

Further information on the sample type, sample 

preparation, sample analysis and data output for 

Transmission Electron Microscopy (TEM) is sometimes 

used as a third stage of analysis. Similar to SEM, it 

uses an electron beam to produce a magnified image 

that can identify the internal morphology of erionite 

mineral fibres, as shown in Figure 2B. In particular, 

TEM is used to image the morphology of individual 

mineral fibres of fragile zeolites, such as erionite. This 

method can determine the length and width of mineral 

fibres. Many zeolites are sensitive to the electron beam 

and once the energy of the electron beam collides 

with the erionite fibres, they deform (Ray, 2020). This 

degradation caused by the high-energy electron beam 

(up to 100 kilovolts, kV) can influence the chemistry 

and crystal structure. Thus, cryogenic holders should 

be used to protect erionite fibres from the energy 

of the electron beam (Ray, 2020). Moreover, sample 

preparation of fibres for analysis can result in over-

milling, which destroys the fibre structure (Ray, 2020), 

biasing any morphological analysis on where the fibres 

are respirable. Again, if the TEM is equipped with EDS 

(Energy Dispersive Spectroscopy; see below), then 

chemical composition can also be provided, which 

assists in mineral identification. For soils, Berry et al. 

(2019) used an FBAS apparatus to separate erionite 

fibres from soils, with nominal concentrations ranging 

from 0.1% to 0.0001% by weight. The resulting filters 

were analyzed by TEM, with a method detection limit of 

0.003% by weight achieved which is approximately 100 

times lower than typical detection limits for soils  

by PLM.

Energy Dispersive Spectroscopy (EDS) provides 

chemical composition of the sample and can be coupled 

with SEM or TEM imaging, providing spectral data of 

the elemental compositional as shown in Figure 2C. 

The EDS is pointed and focused on a selected mineral 

during SEM or TEM imaging. EDS can be used to help 

accurately identify between different minerals with 

similar morphology. The spectrum provides elemental 

composition of the selected sample, but it should be 

noted that the electron beam has been found to replace 

cations in some studies, causing fibres to become 

unstable, especially if their diameter is <0.5 μm  

(Ray, 2020).

 

4. SUMMARY
Erionite can be extremely toxic, and the erionite 

hazard in New Zealand is still not fully understood, but 
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The most commonly reported erionite occurrence is 

disseminated within ash layers (Figure 1A, 1B), or within 

vesicles (Figure 1C) and very rarely was erionite reported 

in a vein (Figure 1D). Within basaltic rocks, erionite tends 

to form within vesicles (e.g., Wise and Tschernich, 1976), 

while in felsic rocks, erionite typically occurs disseminated 

in the matrix of the host rock (Mumpton, 1979), but can 

also be found to form within vesicles (Barrows, 1980). 

An example where we have found asbestiform erionite 

in vesicles is within the Waitakere Group Volcanics at 

Te Henga Quarry, specifically the Waiatarua Formation 

(Brook et al. 2022). An example of where we have found 

erionite as a matrix is in the Waitemata Group Timber Bay 

Formation at Kaipara (Figure 1A). It must be cautioned 

though, that we have not found large quantities of erionite 

at all so far. Rather, erionite seems to be restricted to very 

restricted geographic locations within rock units. The 

majority of erionite crystals are very small and are difficult 

to identify even with a microscope. Erionite fibres can 

occur individually, or as “bundles”, “radiating clusters”, or a 

“woolly mass” (Dogan & Dogan, 2008).

3. TECHNICAL ANALYSIS OF ERIONITE
Identifying erionite is notoriously difficult for a range of 

reasons (laboratory equipment, training, lack of accepted 

standards, disagreements about erionite chemistry 

etc). Binocular microscopy may be used to determine 

if fibrous minerals are present within a sample, but it 

is unreliable when discriminating amongst different 

mineral fibres. In the USA, the difficulties in identifying 

erionite were highlighted when unidentified erionite 

samples were provided for testing transmission electron 

microscopy (TEM) proficiency for the National Voluntary 

Laboratory Accreditation Program (NVLAP). Based on 

this assessment, only 3 out of 76 accredited laboratories 

correctly identified erionite (Bruce and Strouse, 2009). 

The morphology of erionite is the primary reason the 

mineral is toxic (Dogan and Dogan, 2008). Therefore, for 

the identification of fibrous erionite, using a combination 

of analytical techniques, including the following as part 

of a staged approach, is usually recommended: x-ray 

diffraction (XRD), scanning electron microscope (SEM), 

with energy dispersive x-ray spectroscopy (EDS) and 

transmission electron microscopy (TEM) equipped with 

EDS. These techniques can then analyse the morphology 

and provide information on the chemical composition. 

For air samples filters, TEM and SEM-EDS are the most 

utilised methods, following asbestos reference methods 

(e.g. NIOSH 7402). 

Polarized light microscopy (PLM) has been used 

occasionally as a screening level analysis, but even in the 

USA, such analysis of erionite is probably limited to only 

a few laboratories that have access to high-dispersion 

refractive index liquids with the appropriate refractive 

index range (n = 1.460 to 1.480). They would also have 

needed to have developed a modification to NIOSH 

Method 9002 to semi-quantitate zeolite fibres (Berry et 

al. 2019).

Phase contrast microscopy (PCM) has been occasionally 

used for detecting erionite in soils, an example being 

those sampled in eastern Montana and western South 

Dakota (Farcas et al. 2017). For soils, a fluidized bed 

asbestos segregator (FBAS) can be used to separate the 

fibres from the soil. This soil preparation method uses 

air elutriation to separate mineral fibres, such as erionite, 

from soil particles with higher aerodynamic diameter and 

deposits those mineral fibres onto filters that can then be 

analysed using analytical techniques. Previous research 

on asbestos fibres has demonstrated that low level 

(0.002% to 0.005% by weight) detection can be readily 

attained using the FBAS separation method (Farcas et al. 

2017). Methods used in the USA to analyse asbestos and 

other fibres by PCM are covered within NIOSH 7400.

X-Ray Powder Diffraction (XRD) is often used initially in a 

testing programme to identify the crystallography of the 

material. This can be used on a single mineral, if enough 

of the mineral is available, or bulk samples, providing 

information on the individual minerals that are within a 

sample. XRD provides spectral data that can be analysed 

with specialist software. Bulk sample analysis can identify 

the presence of erionite, identifying other minerals, 

including zeolites in a given sample. However, erionite 

and other zeolites can occur together and exhibit very 

similar XRD patterns, with low concentrations of erionite 

masked by diffractions from other minerals (Dogan and 

Dogan, 2008). There are important set-up steps for 

XRD analysis of putative erionite, including using the 

side-loading technique, rather than back-loading, so 

that compaction and bias due to preferential orientation 

is minimised. Thus, with side-loading, the material falls 

under gravity into the specimen holder. Second, reducing 

the scattering of the primary beam is important (can be 

achieved by narrowing the splits), otherwise “shadowing” 

effects can occur in the low angle region of the XRD 

diffractogram, and peaks where erionite would occur are 

masked. If these steps are not followed carefully, then the 

XRD approach is pointless in terms of trying to identify 

the presence of erionite in a sample. Moreover, the 

minimum amount of mineral needed to be present within 

the sample is 1–2%, in order to be detected (Meeker, 

2008). Therefore, XRD should be used in combination 

with other analytical techniques.

Scanning Electron Microscopy (SEM) is often used after 

XRD, to produce images. SEM uses a focused beam of 

electrons to create a magnified image that can identify 

erionite mineral fibres as shown in Figure 2A. The images 

of rock specimens can provide detailed information on 

the morphology of minerals, particularly useful in the 

identification of fibrous zeolites such as erionite (Giordani 

et al., 2017). Sample preparation is straight forward 

and by scanning over a sample manually, observations 

should be able to detect erionite-like minerals which can 

be compared visually with online-images. If the SEM is 

equipped with EDS (Energy Dispersive Spectroscopy; 

see below), then chemical composition can also be 

provided, which assists in mineral identification.

FIGURE 2: Example data output from Auckland erionite: A) 
Fibrous erionite from Te Henga Quarry, Auckland; B) TEM 
image of mineral fibres from Riverhead, Auckland. C). EDS 
from SEM from a sample from Riverhead, Auckland.

FIGURE 3: Flow diagram of suggested staged approach to managing erionite hazards.



NZ GEOMECHANICS NEWS •  DECEMBER 202276

TECHNICAL

the analysis of erionite can be found in University of 

Auckland documents ‘Identification, Sampling and 

Analysis of Erionite Rock Material: A Technical Note’. The 

University’s health and safety protocols associated with 

sampling and analysis of erionite are covered in ‘Erionite 

Tikanga Akuaku / Health and Safety Protocols’, and 

either of these documents can be provided by Martin 

Brook (m.brook@auckland.ac.nz).
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New Dunedin Hospital Pile Trial
Scott Sutherland 
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and included a total of five 710 mm diameter BDSTs, 

at three different locations across the NDH site. Large 

bored piles were not included in the trial, due to the 

expected lower construction risks relative to the much 

higher costs to construct and test bored piles. March 

Construction were engaged to install the trial piles, and 

proposed the inclusion of ‘Screwsol’ piles as a potential 

low-noise, low-vibration alternative to driven piles. 

Screwsol piles are constructed using an auger to displace 

soil and place concrete via the auger stem. This method 

is similar to CFA piles, except soil is displaced laterally 

by the auger rather than removed. Screwsol piles also 

incorporate a threaded shaft to further enhance shaft 

friction capacity. Six 530 mm diameter Screwsol piles 

•  Noise and vibration generated by pile driving, effects 

on the surrounding city environment, and resource 

consent risk,

•  Ability to drive piles into variable ground, including 

through reclamation fill and cobble/boulder layers,

• Achievable capacity.

To assess the risks and realise the benefits for the 

project, T+T recommended a full scale trial of driven 

piles. Health NZ gave the green light soon after the  

2020 lockdown. 

THE PILE TRIAL
The pile trial was undertaken in the second half of 2020 

KEYWORDS 
Bottom driven steel tube, screwsol, pile trial

THE PROJECT
The New Dunedin Hospital (NDH) comprises two main 

buildings, the 11 storey Inpatient Building and the smaller 

five storey Outpatient Building, located on two adjacent 

city blocks on a new site near the existing hospital. 

With a price tag greater than $ 1 billion, the project is 

significant on a national scale. Tonkin & Taylor Ltd are the 

geotechnical engineers for the project, and have been 

working as part of a team with the structural engineers, 

Holmes NZ, since the master planning phase in 2018.  

Te Whatu Ora – Health New Zealand (Health NZ) are the 

end client for the project.

The site straddles the location of the original 

shoreline prior to extensive reclamation works in the 

late nineteenth century. Ground conditions vary as a 

result, comprising a layer of generally loose reclamation 

fill several metres thick, overlying soft/loose liquefiable 

estuarine sediment to a depth of between 5 m and 9 m 

below current ground level. Dense, alluvial mixtures of 

gravel, silt and clay underlie the estuarine sediments, and 

unweathered rock of the Dunedin Volcanic Group was 

encountered between 40 m and 50 m below current 

ground level. Due to the proximity of the relatively steep 

basalt hills of the Dunedin Volcano, the presence of 

cobbles and boulders within the various layers also adds 

to the geotechnical challenge at the site.

While a range of raft foundation and ground 

improvement options were assessed during the concept 

design phase, the design team arrived at piles as the 

logical foundation choice due to the high load and 

performance demands of the buildings (in particular the 

Inpatient Building, which is to be base isolated), as well 

as site constraints such as boundaries. Two main pile 

options were on the table at this concept stage; large 

reinforced concrete rotary bored piles, and closed-end, 

bottom driven steel tube (BDST) displacement piles. 

Bored piles were seen as a reliably constructable 

option, but also inefficient in terms of pile capacity 

relative to pile size, and thus expensive. Driven piles 

presented a significant cost saving opportunity having 

potentially much higher usable pile capacity relative to 

pile size, but also presented significant construction risks, 

specifically:

FIGURE 1 (1a, top image, site location overlain on Charles Kettle’s 1847 survey map of Dunedin; 1b, 
bottom image, site location overlain on published geological map, Bishop & Turnbull, 1996)
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were installed and tested adjacent to the BDST piles, 

providing a useful comparison with an alternative low 

noise and vibration option. 

Pile driving analyser (PDA) testing was used to assess 

the as-built capacity of both pile types, and extensive 

monitoring was undertaken to measure noise and 

vibration levels, including attenuation with distance from 

the works.

A summary of the trial piles and the capacities 

achieved is presented in the table below.

PARAMETER 530 MM DIAMETER 
SCREWSOL PILES

710 MM 
DIAMETER 
BDST PILES

Pile depth 10 – 14 m 11 – 21 m

Shaft friction 
capacity 

Up to approx. 150 kPa Up to approx. 
200 kPa

End bearing 
capacity 

3 – 9 MPa 17 – 18 MPa

Geotechnical 
ultimate pile 
capacity 

1.4 – 3.5 MN 8.5 – 9.5 MN

  

PROJECT BENEFITS AND REFLECTIONS
The BDST pile capacities exceeded expectations 

by a significant margin. Without the benefit of the 

pile trial, the design would have been based on a 

more conservative assessment of pile capacity using 

correlations with investigation data as per common 

practice, so the trial resulted in a much more efficient 

pile design making use of the available pile capacity. 

In the case of the Outpatient Building in particular, 

this resulted in a final design featuring one pile per 

column, and a large saving in both pile costs as well as 

at-grade structure costs such as pile caps. While the 

resultant design is less conservative, this reflects the 

higher degree of confidence obtained from site-specific 

trial pile data. Verification of pile capacity using driving 

data and PDA testing of production piles adds further 

confidence in the works. 

Screwsol piles were proven to be a constructable, 

low noise and low vibration pile type. In this instance, 

the lower capacity of Screwsol piles relative to BDSTs 

meant that a much greater number of piles would be 

required, as well as associated at-grade structure such 

as pile caps or a raft. While this option was not selected 

FIGURE 2A (left), bottom driving BDSTs, 2B (right), top driving using a driving 
frame and bottom driving hammer  to facilitate PDA testing of BDSTs

FIGURE 3A (top), March Construction’s ‘Screwsol’ auger, 
3B (bottom), Screwsol pile following insertion of the 
reinforcing cage 
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If large rotary bored piles were used in place of BDSTs 

(for example due to noise and vibration constraints or 

uncertainties around constructability), piles would have 

to be in the order of 1.2 – 1.5 m diameter and potentially 

extend to bedrock, resulting in a much larger volume of 

concrete and steel and therefore a much greater cost and 

increased carbon footprint. The efficiencies of BDSTs are 

due to a combination of a) higher shaft and end bearing 

capacity achieved by driven displacement piles, b) site-

specific shaft and end bearing capacities proven during 

the pile trial, and c) use of more favourable strength 

reduction factors due to verification of pile capacity 

using driving data and PDA testing. The resulting 

foundation design comprises 78 piles supporting the 

Outpatient Building, and in the order of 300 piles 

supporting the Inpatient Building.

Clearly a full scale pile trial is not feasible for 

most projects. The NDH project provided a unique 

opportunity creating  sufficient time for a pilling trial in 

parallel with demolition of the previous buildings. The 

scale of the project meant that savings from an efficient 

pile design would offset the cost of the trial along with 

increased confidence in a foundation system which 

could be consented. 

As of September 2022, the majority of the 78 piles 

supporting the Outpatient Building have been driven, and 

design of the Inpatient Building is ongoing. The pile trial 

also has the potential to benefit future buildings forming 

part of the wider health campus and in wider vicinity. 

for the main buildings, Screwsol piles may still be used 

for associated structure foundations such as oxygen 

tanks, especially in sensitive areas where noise and 

vibration limits are critical. 

Obtaining resource consent for driving large piles 

in central Dunedin required a rigorous assessment 

of the effects of noise and vibration, particularly at 

the adjacent historic Central Fire Station and Allied 

Press buildings. The site-specific noise and vibration 

data obtained from the pile trial showed that the 

effects could be managed, resulting in achievable and 

pragmatic resource consent conditions. 

FIGURE 4 – Outpatient Building piles under construction

FIGURE 5 – Outpatient Building structural system, 
courtesy of Holmes NZ
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INTRODUCTION
I have been working in the geotechnical industry 

for eight years. In that time, I have known numerous 

people who have sustained serious crush injures to 

their hands and fingers from using a Conventional 

Scala Penetrometer. After a recent injury at my current 

company, I thought there must be a safer way to carry 

out Scala Penetrometer testing and I began to research 

safer alternatives. I found out that overseas people have 

been using a device called a Safety DCP, or Safety Scala 

Penetrometer. This article introduces the Safety Scala to 

New Zealand.

SCALA PENETROMETER USE IN  
NEW ZEALAND
The Scala Penetrometer which is also known as a 

Dynamic Cone Penetrometer (DCP) is a common 

geotechnical site investigation tool used in New Zealand. 

The device works by dropping a hammer on an anvil 

and driving a rod into the ground, measuring the 

penetrative resistance to derive the soil density. The 

Scala Penetrometer is used in the geotechnical industry 

for determining bearing capacity and ‘good ground’ as 

defined in New Zealand standard NZS 3604:2011. The 

Scala Penetrometer is also used in the Civil Engineering 

for subgrade verification, California Bearing Ratio 

(CBR) estimation and the monitoring of engineered 

fills. Scala Penetrometer is a popular tool because it is 

a quick, cheap and a relatively easy tool for gathering 

geotechnical information.

The New Zealand standard for the Scala Penetrometer 

is defined in ‘NZS 4402 Test 6.5.2:1988, Determination of 

the Penetration Resistance of a soil’ and is the same as 

the equivalent Australian Standard. The standard defines 

the required weight of the hammer (9.0 kg ± 0.1 kg), 

drop height (510 ± 5 mm) and shaft and cone dimensions 

(figure 1). The basic design has been unchanged for at 

least 30 years. 

SCALA PENETROMETER INJURIES
The Scala Penetrometer has been associated with many 

injuries to operators, in particular crush injuries to fingers 

and hands being trapped between the falling hammer 

and anvil. An official Information Act (OIA) Request 

to WorkSafe indicated that since September 2018, 

WorkSafe has been notified of 8 serious injuries caused 

Introducing the Safety Scala to New Zealand 
Alex McCaw 
Safety Scala

by a conventional Scala Penetrometer (figure 2). The true 

number of injuries is likely to be a lot higher given not 

every accident would be reported.

The consequences of these injuries are often severe, 

with physical disfiguration as well as mental distress. An 

accident involving a Scala Penetrometer often leads to 

extended time off work, and even longer time out of the 

field where the total cost to a company likely far exceeds 

the cost for new equipment.

The causes of these accidents are often contributed 

to inadequate training, inexperienced operators, fatigue, 

complacency and rapid testing, however the root cause 

is the exposed pinch point between the hammer and the 

anvil (figure 3). Particularly as the operators’ hands need 

to be in close proximity to this hazard zone.

FIGURE 1: New Zealand Scala Penetrometer 
Standard - NZS 4402 Test 6.5.2:1998

FIGURE 2: WorkSafe New Zealand Official Information Act Request – Notified Scala Penetrometer Injures

FIGURE 3: Exposed pinch point on conventional 
Scala Penetrometers.
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Figure 5: Summary of test results completed in Red Zone. Average of all tests completed. 

The results indicated similar results for each test method, although it became obvious when looking 
at the raw data that there were large variations in the density of the ground within relatively short 
horizontal distances, even within the natural soil.  

From the Red Zone trial, it was concluded that the variations in the soil density over small horizontal 
distances was more significant than any differences in the type of Scala Penetrometer. 
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FIGURE 4: Safety Scala, showing components 

SAFETY SCALA
The Safety Scala differs from the conventional Scala 

Penetrometer in that the anvil is fully enclosed by the 

hammer, meaning the risk of finger injuries is eliminated. 

The Safety Scala is precision made to have the same 

drop height (510 mm) and weight (9.0 kg) as the 

conventional standard as such complies with NZS 4402 

Test 6.5.2:1998. The Safety Scala has long handles on 

the side to make it easy to use and reduces the amount 

the operator has to bend over during operation, as such 

reducing the risk of back injuries.

TESTING AND VERIFICATION:
Testing was undertaken to compare the results of the 

Safety Scala to a conventional Scala Penetrometer in 

results from each test were then averaged to compare 

the results (figure 5).

The results indicated similar results for each test 

method, although it became obvious when looking at the 

raw data that there were large variations in the density 

of the ground within relatively short horizontal distances, 

even within the natural soil. 

From the Red Zone trial, it was concluded that 

the variations in the soil density over small horizontal 

distances was more significant than any differences in 

the type of Scala Penetrometer.

In addition to this investigation, field trials in Australia 

with a similar device completed by S.J. Clarke also 

concluded that the variation in ground conditions, 

even over horizontal distances of only 0.3 m, was more 

significant than any differences in the efficiencies of the 

various test types.

Safety Zone: 
Eliminates contact 
point, avoids risk of 

catching fingers

safetyscala.com
Email: alex@safetyscala.com

The first scala penetrometer 
with zero pinch points, 

eliminating crush injuries

INTRODUCING THE SAFETY 
SCALA TO NEW ZEALAND

 Eliminates serious harm injuries

 Reduces back strain and serious back injuries

 Ergonomic and easy to use

Complies with the New Zealand Standard: NZS 4402 Test 6.5.3:1988

FIGURE 5: Summary of test results completed in Red Zone. 
Average of all tests completed.

August 2022. The aim was to find out if there was any 

measurable difference in the two types of equipment. 

The testing was completed within Christchurch’s 

redzone near New Brighton and in close proximity 

to a borehole available on the NZGD that indicated 

the presence of medium dense SAND. A hand auger 

borehole was also completed at the testing which 

confirmed the underlying soil conditions to consist of 

sandy topsoil, reworked SAND and natural clean SAND 

of the Christchurch formation. Ten tests to a target 

depth of 1.9 m were completed with each device within 

a 2 m square.

The tests indicated the presence of variable soil within 

the top 0.8 m bgl, likely reworked soil before becoming 

more consistent within the natural clean SAND. The 

CONCLUSION
The Safety Scala has been developed to reduce finger 

crush injuries and is now available in New Zealand. The 

device also significantly reduces back strain and serious 

injures due to its long handles and ergonomic design. 

The Safety Scala has been trialled in the South Island and 

has proven to be robust and popular with users.

The idea of the Safety Scala is not new, they already 

are very common in Australia, where they have the same 

standard as us in New Zealand. Testing in both Australia 

and New Zealand has shown that any differences 

between the Safety Scala and Conventional Scala was 

insignificant in comparison to variations in ground 

conditions over a short distance. 

REFERENCES:
- New Zealand Standards, NZS 4402 Test 6.5.2:1988, Determination of the 

Penetration Resistance of a soil’

- S.J. Clarke, 2019, Development of a Safety Dynamic Cone Penetrometer.
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ABSTRACT
The Standard Penetration Test (SPT) is used worldwide 

and is perhaps the most common in situ soil test. A 

recent paper published in the June 2022 edition of 

Geomechanics News highlighted the use of the test in 

current New Zealand practice. This paper explores the 

flaws and limitations of the SPT and asked the question; 

should the geotechnical profession continue with this 

outdated crude test when more sophisticated testing is 

now readily available?

1. INTRODUCTION
I have been prompted to write this article as a 

response to a paper published in the June 2022 issue 

of Geomechanics News by Ruth van Dam. This paper 

is aimed to continue the conversation about the use of 

SPT in modern day geotechnical engineering that I think 

needs to be had. I present this in a somewhat tongue-

in-cheek manner, but there is a serious underlying 

message: Should the geotechnical profession continue 

its obsession with this crude, outdated, inaccurate, 

expensive test?

In her paper, van Dam, [unintentionally, I think] 

has illustrated just how useless the SPT is, with many 

examples of how you can’t rely on the test results 

in almost all the applications she mentions. This is 

not criticism of her paper; in fact the paper is well 

written and nicely illustrates the SPT’s current use and 

limitations. My response is a criticism of the test and its 

continued use despite its obvious uselessness. The title of 

van Dam’s paper was so good that I have copied it as the 

name of this article, except with the important addition 

of the word “critical” at the start of the title.

2. HOMO INCORRECTUS
The evolution of in situ testing is illustrated in Figure 1. 

Archaeologists have discovered that the SPT was first 

used by the early ancestors of man around 2.8 million 

years ago. Anthropologists have named this human 

ancestor as “Homo Incorrectus”….. OK, so this obviously 

isn’t true, however, it is believed that man first started 

using rocks as tools around this time (i.e. hitting things 

with hammers).

3. HOW LONG IS A PIECE OF STRING?
It will come as no surprise to anyone that there is a lot 

of uncertainty with the SPT test. This was highlighted 

by van Dam (2022) and there is a lot of other published 

information on this subject. In a general summary, here 

are some sources of uncertainty:

1. Energy efficiency of the hammer

2. Disturbance due to drilling

3.  Imbalance between groundwater and water in the 

borehole

4. Borehole diameter

5. Weight of the rod string and hammer

6. Rod type, size, straightness and condition

7. Overburden effects

So, there are a lot of areas of uncertainty, and this is 

obviously a problem with the SPT. Not only is there a 

lot of uncertainty, but there is also uncertainty in the 

uncertainty. This is perhaps the biggest problem with 

SPT. Although attempts have been made to correct 

for some of these uncertainties, there is no way of 

quantifying these uncertainties. The user of the SPT data 

has no way of knowing how big or small the errors are 

in the test. It is the proverbial ‘how long is a piece of 

string?’

In comparison, errors in the CPT test are mostly 

focussed around the consistency of the strain gauge 

load cells that record the data. This is controlled by 

calibration and zero load readings before and after the 

test. These provide a quantitative measure of the errors 

in the testing equipment. Testing to ISO 22476-1 requires 

the errors to be within certain limits depending on 

application class. By testing to this standard, the error in 

the cone resistance (qc) is required to be less than 5% of 

the measured value. This is usually easily achieved, and 

errors are often well less than 5%. 

There is already enough natural uncertainty associated 

with the engineering properties of the ground. We don’t 

want additional unknown uncertainty in a test that is 

trying to measure those ground properties.

4. LIPSTICK ON A PIG
One of the biggest potential errors in SPT is related to 

the energy efficiency of the hammer. Safety hammers 

or automatic trip hammers are commonly used in NZ 

and these provide the best possible energy efficiency. 

However, despite that, energy efficiencies of these 

hammers are around 80%. At first glance, that seems 

pretty good, but when you think about it, this is a heavy 

weight (63.5 kg) pretty much free falling over a relatively 

short distance (760mm). How is it that it loses 20% or so 

of its potential energy? Most of the energy loss is via air 

resistance, heat, noise and losses due to compression/

vibration through the rod string. But there are also many 

small factors that can add up to large energy losses. 

Each time the hammer is dropped, these factors are 

slightly different and result in different energy losses. 

Slight differences in the air resistance, the resistance of 

the guide rod, the wind velocity, the angle of the hammer 

to vertical, the way the hammer strikes the anvil, the air 

temperature, etc will all provide variation to the hammer 

efficiency. These factors may be different each time the 

hammer is lifted and dropped. Even in the relatively 

controlled environment of a calibration, the efficiency 

of each blow may vary by up to around 5%, and much 

greater if the hammer is in poor condition. 

FIGURE 1: Evolution of in situ testing: SPT to CPT
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10. HIT AND MISS
The SPT is a discrete test, typically done at 1.5m intervals 

between borehole core runs. As such there is a whole 

bunch of soil that is not tested, and furthermore, the test 

is done over a total of 450 mm and so evens out the 

ground properties over the test depth. Consequently, 

the test lacks definition and can miss out on important 

information between tests. Thin layers of softer or harder 

material can easily be missed but could prove to be 

critical information. Given that the test only covers at 

best one third of the total borehole depth, the test is 

definitely more ‘miss’ than ‘hit’.

The CPT, on the other hand, provides continuous 

information with depth, so it is entirely ‘hit’ and no ‘miss’.

11. CORRELATION STREET
Correlations between SPT and soil parameters 

are generally unreliable. This is partly due to the 

unreliability and unrepeatability of the test itself, but 

also to a limitation between the singular value test and 

complexities of soil behaviour. And the correlations are 

purely empirical.

The CPT, on the other hand, has many reliable 

correlations, usually with a strong basis in theory. The 

test commonly measures three values (qc, fs and u2). 

The combination of these three values allows for more 

complex correlations to be possible and be conditionally 

applicable to different soil types. The huge growing 

database of information that is possible from the highly 

data rich CPT means that correlations to soil parameters 

are constantly improving.

The CPT can also be correlated to SPT. Jefferies and 

Davies (1993) suggest that their correlation from CPT 

to SPT can provide better estimates of N60 than the 

SPT test itself. So, if (for some reason) you do want 

SPT N values, then you are better off doing a CPT and 

then correlating to N60. At least then you will also get a 

continuous profile of estimated SPT N values.

12. IS IT A ROCKY TEST?
SPT is an in situ test for soil, but it is often used in very 

weak rocks. For example, it is standard practice to use 

SPT in Auckland’s Waitemata Group weathering profile 

to identify the ‘top of rock’. This being when SPT N > 

50. However, this indicator is not reliable in that it does 

not necessarily relate directly to material that may be 

considered rock (e.g. from hand description or UCS 

testing). That is, N > 50 isn’t always rock and N < 50 can 

sometimes be rock. But let’s assume that N > 50 is rock, 

what do you then do with that information? How do 

you use a number that is something greater than 50 in 

design? It may provide a rough indicator of ‘top of rock’ 

but is useless as a design input value. A designer (of say 

pile foundations) would have to assume (read ‘guess’) 

what the strength capacity of that ‘rock’ is. Not a very 

elegant design process.

Fortunately, the CPT is a test that can be done in very 

weak rocks. For example, in the Waitemata Group, the 

CPT can often be pushed several metres beyond what 

the ‘standard’ to correct to, as it is considered that the 

SPT data in the historic database was from equipment 

that would have been around 60% efficient. But the 

actual efficiency within the database is not known and is 

disputed by some. Kovacs, et al. (1983) believe the actual 

value should be closer to 55% and, Bowles (1976) that it 

should be 70%. So, again there is some uncertainty in this 

when it comes to applying historic correlations. 

6. HOW MANY FINGERS AM I HOLDING UP?
The SPT test involves counting in your head the number 

of blows of the hammer. It is not uncommon that two 

people observing the same test arrive at different values 

for the number of blows. In that situation you must 

choose one value, which might be the wrong one, or 

both might be wrong. Again, just another uncertainty to 

add to the list.

7. COLLATERAL DAMAGE
By doing an SPT test after every run, you are effectively 

destroying around one third of the borehole core. If 

no SPT’s are performed, the driller can focus on the 

borehole’s primary function, i.e. to obtain good quality 

core. Avoid the collateral damage by not doing SPT tests 

and get better core.

8. CHEAP AT TWICE THE PRICE?
The SPT is often described as being a ‘cheap’ test. Some 

would say that if you are doing a borehole anyway, you 

might as well do SPTs while you’re at it. The implication is 

that there is little added cost. Wrong: SPT’s take time and 

there is cost associated with the equipment purchase, 

maintenance and calibration. A drilling contractor would 

normally charge around $65 for each SPT test. In a 15m 

deep borehole with SPT’s after every run, that equates to 

$650. This is about what a CPT test would cost for the 

same depth. The SPT’s in that 15m borehole are giving 

you 10 data points with depth, whereas the CPT will 

provide typically 4,500 data points. That’s less than 20 

cents per data point in the CPT compared to $65 for the 

SPT. The colloquial saying is ‘cheap at twice the price’. 

But the CPT is cheaper at 300 times the price. In this 

respect, the SPT is not a cheap test at all.

9. ROUGH AS GUTS
Drillers have had a reputation in the past of being ‘rough 

as guts’. However, drilling contractors in NZ nowadays 

use modern sophisticated rigs and sampling methods 

such as wireline triple tube coring or sonic drilling 

techniques. These contractors are professionals that 

strive to provide good quality work. The NZ drilling 

industry can be considered ahead of many other 

countries in this respect (think shell and auger drilling in 

the UK). The SPT test is somewhat at odds with modern 

sophisticated drilling methods. It is not the drillers that 

are rough as guts, it is the SPT test. I am sure most 

drillers would be happy to ditch SPT and concentrate 

their efforts on getting good core recovery.

It is obviously good practice to calibrate the hammer, 

but don’t be fooled into believing that the test has 

magically become super accurate because the energy 

efficiency has been measured (or ‘calibrated’). The 

energy efficiency varies for every blow and there is no 

way of being certain as to what the variation in energy 

efficiency is. The uncertainty of the uncertainty remains. 

The only way to know with more certainty is to do 

energy measurements for each blow of each test, which 

would not be practicable. Even if you did do that, the 

other uncertainties that are inherent with the test are still 

present. The energy calibration is simply lipstick on a pig.

5. WILL THE REAL STANDARD ENERGY 
EFFICIENCY PLEASE STAND UP?
The ‘standard’ energy efficiency correction to 60% (N60) 

is an attempt to utilise existing database information 

and correlations from historic data that had unknown 

energy efficiencies. It has become accepted that 60% is 

Figure 2 shows the measured energy efficiency of 16 

successive blows of a poorly maintained donut hammer. 

Here the energy efficiency varies between 58% and 89%. 

Granted that this is from a poorly maintained hammer 

and more of an extreme case, but it illustrates the point 

that the energy efficiency can vary significantly from 

blow to blow.

If you have done a calibration on a hammer and 

return the next day to the same location with the same 

equipment and repeat the calibration at the same depth, 

you may find that the energy efficiency is then different. 

Table 1 below shows the annual calibration record of a 

UK company’s SPT hammers (A to E) over an eight year 

period. This shows that successive annual calibrations 

of a particular hammer can show significant differences 

in energy efficiency. In one year, the same hammer was 

calibrated twice with a 10% difference in efficiency. That 

same hammer showed variations in annual calibration 

efficiencies of between 47% and 75% over the years. 

FIGURE 2: Efficiency of successive blows of a poorly maintained hammer (Reading 2020)

TABLE 1: Annual calibration results of SPT hammers of a UK company (Wagstaff 2020)
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SPT may show as N > 50. With this comes a continuous 

cone resistance value that can actually be used directly 

in design (for pile design, for example). 

The SPT is indeed a ‘rocky’ test, but only in the sense 

that it is unreliable. Not as a test for rock.

13. CONCLUSION
SPT is not a reliable test. There are many areas of 

uncertainty associated with the test, almost all of which 

are unquantifiable; there is uncertainty in the uncertainty. 

Furthermore, correlations to soil parameters are 

questionable. It’s not even cheap in comparison to the 

amount of information you get from it. Why then does 

the geotechnical professional continue to hold on to this 

costly, unreliable, (pretty much) useless test? With the 

large availability of CPT in NZ, why even bother doing 

SPT. If you want to do a borehole, then use that borehole 

to concentrate on getting good core recovery and forget 

SPT. The money you save in not doing SPT tests can be 

used to do a CPT next to the borehole (preferably, CPT 

first). That way you get more reliable, continuous data 

that you can even correlate back to SPT N60 if that’s 

what you want.

In the author’s opinion, the geotechnical profession is 

stuck in a rut; holding on to outdated tests and theories 

that we know aren’t reliable but still can’t seem to move 

on from. Let’s let go of SPT’s, Scala penetrometers, 

hand auger boreholes, etc. Let’s stop hitting things with 

hammers and embrace the ‘new’ in situ technologies 

of CPT, DMT and geophysics which are all currently 

available for you to use from many contractors 

throughout NZ.
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TECHNICAL

Graham Ramsey

Fifty Years in Geotechnical Engineering
by Graham Ramsay

BACKGROUND
In 2016 I retired after fifty years involvement in civil 

and geotechnical engineering, having witnessed major 

changes in the techniques available to us and our 

knowledge of engineering geology and geotechnical 

phenomena. During that period, I was involved in 

some very interesting projects that presented us with 

challenges, often stemming from the geology, that we 

had to overcome. 

In 2018 my wife, Virginia, persuaded me to start 

writing a book of my reminiscences, and in 2020 

I printed it privately and distributed it to a limited 

number of friends, family and former colleagues as an 

embargoed publication. Several of those colleagues 

urged me to publish the book openly, and in November 

this year Writes Hill Press released an augmented 

and greatly improved version entitled “Engineering in 

changing times”

The book deals with both my civil engineering and 

geotechnical engineering experiences, but this article 

concentrates on the geotechnical aspects. The book is 

not intended as a textbook and being recollections is not 

necessarily an accurate historical account. However, for 

those interested in the technical details I have referenced 

13 geotechnically related papers that I published during 

my career, and the publisher’s website provides or 

indicates where copies of those papers can be obtained. 

Being recollections, the book focuses on what I 

saw as the interesting projects and people I worked 

with and the challenges we faced and overcame.  It 

stresses the team nature of geotechnical engineering 

and the roles of the engineers, engineering geologists, 

geophysicists and contractors. And I have named 

those people who were my mentors and who made 

significant contributions to projects I was involved in, 

to emphasise that these were real people. I noted with 

interest that of the 28 engineering geologists that Don 

Macfarlane named in his article in the June 2022 edition 

on engineering geology, and whose names I recognised, 

I worked with 13 of them, including my engineering 

geology mentor, the late Brian Paterson.

I enrolled at the Auckland University School of 

Engineering in 1966 and graduated with a PhD in 

geotechnical engineering in 1973. I then joined the 

Ministry of Works and Development where I spent the 

first four years operating as a general civil engineer, 

followed by eight years as a specialist geotechnical 

engineer, and finished with three years managing the 

Special Projects office, which undertook a wide range 

of civil engineering projects. I then joined Beca, where 

I spent 28 years, primarily as a multidisciplinary civil 

engineering team leader undertaking roading projects, 

but also with involvement throughout that period in 

some notable geotechnical projects. In my parallel life 

in civil engineering, I had to come to terms with the 

changing requirements of society and the legislation 

requiring engineers to not just design and build 

infrastructure, but also to manage the consideration of 

environmental impacts and consultation with the public.

The book covers the geotechnical aspects of a wide 

variety of civil engineering projects in a wide range of 

geological settings, and some of the innovative solutions 

that were developed to address the challenges we 

encountered. 

THE 1979 ABBOTSFORD LANDSLIDE
When I was asked to analyse the 1979 Abbotsford 

landslide, I had to write a Fortran program to analyse a 

block slide, because at the time there was no program 

capable of that available in New Zealand. I also marvelled 

how the slide had been the result of the presence of a 

centimetre thick layer of clay with an amazing low residual 

strength of 6kPa resulting from progressive failure. And 

the clay layer was only found when 1 metre diameter 

Calweld shafts were sunk to the base of the slide. 

Incredibly I went down 10m down those unlined shafts 

seated on a wooden board between rope strops. And 

Professor Peter Taylor and the Soil Bureau technicians 

who recovered the block samples for shear box testing 

also went down those unlined shafts. Health and safety 

considerations then were a mile away from those today.    

THE RUAHIHI AND WHAEO CANAL 
COLLAPSES
Then in the 1980’s I was a member of the Ministry of 

Works committees of inquiry into the Ruahihi and 

Whaeo canal collapses that brought home to me the 

challenges of working with volcanic tephra, brown ash 

and columnar jointed ignimbrite and the frightening 

ability of water to exploit subtle defects in designs and 

in the underlying geology.

THE MANIOTOTO IRRIGATION SCHEME
On the Maniototo irrigation scheme a 10m thick fault 

zone in the schist containing swelling clay minerals 

evaded our investigation boreholes and affected the 

tunnel over a 75m length, which took 23 weeks to 

excavate. And a thin foliation shear in otherwise strong 

massive quartzo-feldspathic schist caused the sudden 

failure of a section of the tunnel outlet race batters. 

LIQUEFACTION EFFECTS
I observed the evolution of our understanding of 

liquefaction, which was not even mentioned in my 

undergraduate degree. Because it was only just 

beginning to be recognised, I was asked in the 

1970’s by MWD to write a briefing paper on its 

recognition, impacts, analysis and treatment. In 1987 I 

observed first hand many of its manifestations in the 

Edgecumbe earthquake, and two years later, as part 

of the Wellington Lifelines Study, presented a briefing 

to lifeline owners on the expected occurrence of 

liquefaction in a major earthquake around Wellington 

and its potential effects on their facilities. And in 2013 I 

had a brief 30 second slot on TVNZ1 News commenting 

on the effects of liquefaction in Wellington as a result of 

the Seddon Earthquake.

OPEN CAST COAL MINING
In the 1980’s large open cast coal mining operations were 

being initiated, often utilising redundant underground 

mining managers and staff, with consequent 

problems with the inefficient recovery of the coal and 

unacceptable environmental impacts from the disposal 

of overburden. I was involved in a study of overburden 

disposal options at the Island Block mine where side-cast 

overburden had formed an unstable slope in the head 

of a valley and deposits of quicksand had accumulated 

on the river terraces. Then at Ohai we had to find means 

of constructing 100m high mine pit walls above coal 

seams that contained voids from previous underground 

workings, StateCoal being concerned that any slope 

failures could admit air to the old workings and set off 

spontaneous combustion fires that would be difficult to 

put out.

MANAWATU GORGE
I had involvement with projects and studies associated 

with Manawatu Gorge over a 25-year period and saw 

first-hand the challenges of dealing with unstable 

colluvium and highly fractured greywacke rock, both 

during early, largely unsuccessful, attempts to improve 

the road alignment by cutting back spurs, and later 

during attempts to clear the massive slips that eventually 

led to the abandonment of the route. It was interesting 

to see how difficult the stereoscopic mapping and rock 

slope stabilising techniques developed overseas were to 

use with the highly fractured greywacke and argillite in 

the gorge. 

THE PITTEAU EXPERIENCE
And when the National Roads Board engaged a 

Canadian engineering geologist, Doug Pitteau, to give 

a course on rock slope engineering, he was dismayed 

when I took him on a tiki tour to show him natural and 

cut greywacke and papa slopes. His reaction was that 

the techniques that he would be presenting had been 

largely developed for use in geological settings with 

regular widely spaced jointing in hard rocks, such as 

the granite of the Fraser Canyon in British Columbia, 

and he could see that there were problems with their 

application to the chaotic tectonic induced fractures in 

our greywacke.  
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SOME CHALLENGING BRIDGE 
FOUNDATIONS
For the foundations of the Ewen Bridge over the Hutt 

River we had to develop innovative grouting techniques 

to prevent artesian water leaking up the outside of the 

piles, and for the construction of the 4m diameter piles 

for the Otira Viaduct the contractor, Albert Smith, had 

to build a circular secant pile coffer dam within the 

incredibly hard and abrasive blocky greywacke debris 

from the rockfall that blocked the valley 2000 years ago, 

and included individual blocks at least 12 metres in size. 

We also saw first-hand that earthquakes still periodically 

release large rocks from 700m above the valley floor and 

this had to be allowed for in the viaduct design.

THE  CHALLENGE OF GEOTECHNICAL 
INVESTIGATIONS IN A GEOTHERMAL FIELD
My final significant geotechnical role was as the 

technical project manager for investigations at Wairakei 

and Tauhara in geothermal conditions to establish 

THE TUNNELS
In addition to the design of the Maniototo irrigation 

tunnel and some modifications to existing road and rail 

tunnels, I had involvement in a number of preliminary 

studies associated with rail tunnels including public 

transport tunnels beneath Auckland Harbour, the 

Auckland City Rail Loop and a rail tunnel north of 

Wellington between Paekakariki and Pukerua Bay. All 

of them involved input from international consultant 

partners, and in all cases I experienced problems, either 

with getting timely input or with their experts not being 

able to come to grips with the variability of our geology 

as a consequence of our turbulent tectonic history. The 

experience of the reviewer for the Paekakariki to Pukerua 

Bay tunnel seemed to be largely in Sydney’s Hawkesbury 

Sandstone, and he found it hard to accept that I was 

predicting materials ranging from highly weathered crush 

zones that could be excavated with a spade, through to 

greywacke sandstone with an unconfined compressive 

strength of 200 MPa.  

TECHNICAL

THE NGAURANGA FLYOVER ABUTMENT – the first major Reinforced Earth wall on the State Highway Network. The author was 
a member of the design team and, with Brian Prendergast, published a paper on its design at the 3rd Australia New Zealand 
Geomechanics Conference in 1980.

THE REPLACEMENT EWEN BRIDGE AT LOWER HUTT. The foundations extend through an aquiclude into the Waiwhetu Gravels, 
an artesian aquifer that provided 25% of Wellington’s water supply. An innovative grouting technique had to be developed by the 
author to prevent escape of the artesian pressures up the outside of the pile casings. The paper on the pile design, construction, 
and grouting, which appeared in the 1995 IPENZ Transactions, was awarded the IPENZ Fulton Downer Gold Medal, the NZ Concrete 
Society Freysinett Award and the NZ Geotechnical Society Award. 

OTIRA VIADUCT. The author was responsible for the investigations and design of the 4m diameter piles. With Richard Holyoake, 
the Beca engineer who supervised the construction, he published a a paper on the foundation design and construction at the ISRM’s 
International Symposium in Melbourne in 2000. Beca photo / John McCombe
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THE BOOK
Ron Carter, one of the founders of the modern Beca 

firm, urged me to publish the book, and he has provided 

a foreword that explains the difference between the 

science of engineering, which can be taught, and the 

art of engineering which lets us design and build safe 

structures, despite the limitations of the science and the 

uncertainties that geological conditions present. And 

Ron sees the value of the book in it being about the art 

of engineering and my experiences in dealing with the 

challenges in the geology arising from New Zealand’s 

turbulent tectonic, glacial and volcanic history.    

For those interested in reading more about my 

experiences, copies are available for purchase on-line 

from my publisher at writeshillpress.co.nz. Alternatively, 

you can ask your public library whether they have a copy 

and, if not, suggest they buy a copy for you to borrow. 

but the final phase of Alexei’s work went uncompleted at 

that time, because the final tranche of funding was not 

granted and Beca, as a private consultant, was not in the 

business of funding research. In MWD days the whole 

programme would have been completed.

THE CAREER CHANGE
The effects of the corporatisation on MWD led me to 

leave it and join Beca, a consultancy tracing its roots 

back to a practice founded by my great-uncle Arthur 

Gray in 1920. That move led to a change in the direction 

of my career, to largely leading multidisciplinary teams 

engaged on roading design projects, with geotechnical 

engineering as a secondary role. And, while I had been 

heavily involved in tunnel related work in MWD and 

had been New Zealand’s representative on International 

Tunnelling Association working groups for 6 years, after 

I joined Beca it was 15 years before I had any further 

involvement in tunnelling work.        

TECHNICAL
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the stratigraphy and recover undisturbed samples in 

materials ranging from the consistency of toothpaste to 

moderately strong rock, and from depths up to 800m. In 

the end we drilled 9 holes totalling 4390 metres in length 

with almost continuous core recovery and recovered 

269 undisturbed samples. To recover the undisturbed 

samples, we adapted a standard triple tube sampler by 

replacing part of the splits with a tube. We engaged Mel 

Griffiths to advise us on both the drilling and sample 

recovery methods. 

The laboratory testing aimed at producing 

deformation properties for the subsidence analyses 

was undertaken by Professor Mick Pender at Auckland 

University using a triaxial cell very similar to one I 

designed for my PhD in 1972 to undertake slow drained 

stress-path tests. Apart from the reinforcement of the 

cell for the very high pressures required to replicate 

the stresses at depths of hundreds of metres, the major 

changes were the replacement of the data loggers, 

valves, gauges and analogue devices I used in 1972 by 

a single laptop on a trolley which recorded the results 

and drove servo-controlled valves to follow the required 

stress path. And in 1972 to slowly increase pressures 

and maintain drained conditions I used a standard valve 

turned one revolution every 24 hours by a small motor 

and gearbox.     

THE EVOLUTION
At the beginning of my career computers were not yet 

used in practice, and the importance of engineering 

geology to geotechnical engineers was not taught or 

really appreciated. Engineering was a male dominated 

profession and I observed first-hand the barriers that 

some early women engineers faced. Our understanding 

of phenomena such as liquefaction and seismicity  

was rudimentary and during my career grew out of  

all recognition.

I saw the influence of the arrival of word processors, 

email and evolving printing technology through my roles 

on the Society’s management committee as publications 

officer in the 1980’s, and as an editor for the 1980 and 

2015 ANZ Conferences, and for the 1992 International 

Symposium on Landslides which the society organised. 

I saw huge strides in our ability to communicate with 

authors, the standards of presentation expected, the 

requirements for peer reviewing, and the evolution from 

paper to electronic USB stick or DVD proceedings.

In addition to the massive technological developments 

during my career, I experienced the profound impacts 

in the restructuring of the profession as a consequence 

of Rogernomics, and in particular the transformation of 

the Ministry of Works and Development (MWD) into a 

commercial consultancy and New Zealand Geological 

Survey (NZGS) into a Crown Research Institute. In both 

cases the roles of the former organisations in training 

staff, undertaking R&D, and preparing guidelines for use 

throughout the consulting industry were largely lost.  

A number of prominent overseas engineers and 

geologists I met in the 1980’s commented on the value of 

the roles of MWD and NZGS, and the collaboration they 

had with academia and the private consulting industry, 

which allowed rapid dissemination of knowledge and 

new ideas – something they lamented did not occur in 

their own countries.

On the training front MWD sent a number of 

engineers to Imperial College London to do an MSC in 

geotechnical engineering, and they all returned with the 

latest practical knowledge.

THE MWDS ROLE IN PREPARING 
TECHNICAL GUIDELINES
In terms of technical guidelines, while at MWD I 

personally undertook the preparation of a Code of 

Practice for Falsework which, because of my own 

background, contained a section on foundation design 

which was far more comprehensive than was necessary. 

I also prepared the section on foundations for the 1980’s 

NZ National Society of Earthquake Engineering’s guide 

for Seismic Design of Storage Tanks. I was involved in 

or oversaw the preparation of the MWD Reinforced 

Earth Retaining Wall Design Notes, the MWD Pile Design 

Notes and the MWD Guide for Site Investigations. These 

guidelines were prepared to standardise practice across 

the MWD and also as a resource for private consultants, 

though some saw them as waste of government money. 

And the MWD Guide for Site Investigations provided 

some of the material for the later first edition of the NZ 

Geomechanics Society’s Field Guide to the Description of 

Soils and Rocks.

The Guide for Site Investigations drew heavily on 

an unpublished in-house NZGS manual and brought 

me into contact with Les Oborn, the head of the 

Engineering Geological Section, who was very highly 

regarded within MWD, and can be considered as one of 

the fathers of engineering geology in NZ. I understood 

that the reluctance of NZGS to release their draft 

manual arose from the existence of a vigorous debate 

on how clays should be identified and classified in the 

field, and in particular the extent to which it should 

be based on a visual-mechanical assessment or a field 

assessment of plasticity. At MWD we felt that to hold 

up the issuing of the guidelines to await resolution 

of the debate was unnecessary and undesirable, as it 

would lead to the remaining 95% of urgently required 

guidance being unavailable. And I understand that the 

debate on how to describe and classify clays in the field 

is still alive and well.

THE LOSS OF THE MWD APPROACH TO R&D
A major advantage of the MWD approach in the research 

and development area was that it had the ability to 

decide what needed to be done and was not dependent 

on obtaining research funding from another body. This 

advantage was demonstrated some 10 years later at 

Beca, when one of my staff, Alexei Murashev, undertook 

research and prepared reports on mechanically stabilised 

earth with research funding from Transfund. This work 

largely superseded the early 1980’s MWD design notes, 
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WAYNE WAS A senior associate 

geotechnical engineer at Beca, 

based in Auckland – he had been 

part of the Beca whanau for over 

25 years. He died after falling into 

a gully while descending from the 

summit of Mt Ngāuruhoe in the 

Taupo Volcanic Zone. 

Wayne was an experienced 

tramper, who looked forward to 

and planned trips with the utmost 

care. His love of tramping gave him 

common ground with many in the 

engineering industry. 

Dr Toan, Beca’s Chief Engineer, said: 

“Wayne has been a very capable 

engineer, considered, and a really 

good thinker. Wayne has always 

been generous with his time; he was 

patient and saw the positive side of 

all who worked with him.

Wayne was a good listener and 

supportive of his co-workers.

I knew of Wayne’s love for 

tramping, in the bush and up the 

mountains. I regret I could not share 

his passion and accompany him in 

those walks as I do not have the 

strength to walk so far and climb 

so high. However, Wayne shared 

with me a passion for photography. 

I marveled at his composite 

panoramic photos, as if I could see 

the views he saw from the top of 

the mountain ridges, over the rocks, 

tussock and the trees with the 

sunlight glinting off the water in the 

lakes below.

We will very much miss Wayne 

for his kindness and the support he 

gave us all.”

As an engineer, he was talented, 

considered and practical. As a 

colleague, he was patient and caring, 

reliable and collaborative. He worked 

on a variety of projects over his 

career including aircraft pavements, 

roads, land development, building 

foundations, bridges, railways, 

water treatment plants and power 

transmission. He worked extensively 

on Auckland Airport projects - but 

also on many other transformational 

projects including Britomart, Grafton 

Gully, early stages of City Rail Link, 

SH16, SH20A Kirkbride underpass 

and the newly completed Waikato 

Expressway as well as a number of 

rail projects in Sydney and Melbourne. 

Wayne was in some ways the 

perfect consultant because he was 

calm and could always be relied on 

to do what he said he would do.

Wayne will be remembered for 

his kindness, his humility, willingness 

to share his skills and time with 

others, and that wry smile and little 

chuckle. His legacy lives on in our 

memories, in those he has mentored 

and supported and in the many 

projects he has delivered that we will 

continue to use and pass by. 

We will miss you, moenga roa

Wayne Pooley 

5 August 2022

International Society for Rock Mechanics  
and Rock Engineering (ISRM) 
Report for New Zealand – December 2022

Paul Horrey 
Paul Horrey is a principal and 
engineering geology specialist 
with Beca and manages the 
company’s Southern Geotechnical 
Team based in Christchurch. 
He has worked extensively in 
New Zealand and overseas 
in infrastructure, mining and 
hydropower and has a particular 
interest in natural hazard 
mitigation and risk management. 

Romy Ridl 
Romy is an engineering 
geologist with KiwiRail 
covering the geotechnical 
aspects of the South Island’s 
rail network. She is a former 
Engineering Geology and 
Rock Mechanics lecturer at 
the University of Canterbury 
and has geotechnical 
experience from Australasia 
and Africa.

ISRM CONGRESS 2027 
HOSTING BID UPDATE:
Paul Horrey, Stuart Read and 

Romy Ridl attended the 2022 

ISRM International Symposium 

held in conjunction with the IX 

Latin American Congress on Rock 

Mechanics, Rock Testing and Site 

Characterization in Asuncion, 

Paraguay on October 12-19, 2022. 

At the ISRM Council meeting we 

presented our bid to host the 

16th ISRM International Congress 

in 2027 in Christchurch. Other 

bidders for the event were South 

Korea and China. Following a vote 

of the ISRM Council the successful 

bidder was South Korea.  While it 

was disappointing to miss out the 

Korean presentation and offering 

was of a very high standard and 

we are confident they will host an 

impressive event. We did receive 

a number of compliments on 

our presentation which we felt 

was comparable to the winning 

submission. Many useful lessons 

were learned, not the least of which 

is that these bids are a long game, 

this being South Korea’s third 

consecutive bid to host an ISRM 

Congress!  The organising committee 

of Paul Horrey, Stuart Read, Eleni 

Gkeli, Romy Ridl and Christoph 

Kraus is grateful of the support 

of NZGS members, Christchurch 

Convention Bureau and Tourism New 

Zealand during the preparation of 

the bid and is assessing next steps 

with regard to bidding to host future 

ISRM flagship events. 

BOARD AND COUNCIL 
MEETINGS:
The 2022 ISRM Board, Commissions 

and Council meetings were held in 

Asuncion, Paraguay during LARMS 

2022 on 15-16 October.

ISRM MEMBERSHIP:
ISRM Membership is at an all time 

high at 8911 individual members, 174 

Corporate Members with 58 National 

Groups represented. 

Memberships trends can be seen 

in the graphic below.



103NZ GEOMECHANICS NEWS • DECEMBER 2022102  DECEMBER 2022 • NZ GEOMECHANICS NEWS

SOCIETY

ISRM AWARDS:
A number of awards were 

announced at the Council Meeting in 

Asuncion.

MULLER AWARD: 
Derek Martin of Canada was 

selected as the recipient of the four 

yearly Muller Award in recognition 

of distinguished contribution to rock 

mechanics and rock engineering

ROCHA MEDAL 2023 - 
Winner: Jun Zhao, from China, 

with the thesis “Study on time-

dependent failure mechanism and 

long-term stability of hard rock in 

deep buried tunnel” presented at 

the Northeastern University, China. 

Runner-up: Rupesh Verma, from 

India, with the thesis “A combined 

theoretical-experimental-numerical 

approach to characterization and 

modelling of rock fracture and rock 

burst” presented at the University of 

Adelaide, Australia. 

Runner-up: Cyrille Couture, from 

Canada, with the thesis “Mechanical 

characterization of porous 

sandstones in true triaxial conditions: 

diffuse and localized deformation, 

effect of anisotropy” presented 

at the Université Grenoble Alpes, 

France.

JOHN HUDSON ROCK 
ENGINEERING AWARD 2022: 
This award Is conferred on individual 

or corporate members of the ISRM 

in recognition of achievements in 

engineering practice and was given 

to Dr Christine Detournay, USA.

SCIENCE ACHIEVEMENT 
AWARD 2022: 
This award recognizes outstanding 

contributions to science and 

technology in the field of rock 

mechanics and rock engineering, and 

was conferred on Prof. Jean Sulem, 

nominated by the NG France.

YOUNG ROCK ENGINEER 
AWARD 2022: 
This award acknowledges excellence 

in the field of rock engineering by 

ISRM members who are in early 

stages of their career and was 

conferred on Dr Yota Togashi, 

nominated by the NG Japan.

KEY INTERNATIONAL 
SYMPOSIA  2022-4
2023 ISRM 15th International 

Congress, Salzburg, Austria 9-14 

October 2023. Abstracts closed 31 

October 2022.

At the Council meeting it was 

decided that the 2024 ISRM 

International Symposium will be held 

in New Delhi, India.

Other regional events and 

specialised events are listed on the 

ISRM website.

NEWSLETTER
The latest ISRM newsletter (No 59 

dated September 2022) is available 

on the ISRM website

ISRM DIGITAL LIBRARY – 
FREE ACCESS
The ISRM Digital Library is hosted 

by the OnePetro platform (www.

OnePetro.org). Individual members 

can download up to 100 papers per 

year from ISRM meetings; Corporate 

members can download 250 

papers per year. To download the 

ISRM papers free of charge, ISRM 

members must perform a  

two-step registration on the 

OnePetro website: 

1. Register in the OnePetro website, 

using any username/password they 

choose. If the member has already 

registered at OnePetro, it is not 

necessary to register again. 

2. Enter their current ISRM 

username/password in the OnePetro 

Membership page. 

The OnePetro site automatically 

checks the status of ISRM 

membership with ISRM.

YOUNG PROFESSIONALS’ 
WEBINARS
The ISRM Young Rock Engineers 

group have established the very 

successful ISRM Young Members 

Monthly Seminars. These provide 

an excellent opportunity for current 

postgraduate students, researchers 

and early career professionals to 

present their work. Anyone wishing 

to present at one of these events 

should contact Romy Ridl, our ISRM 

YGP coordinator.  

Ten seminars have been held 

to date in 2022. The most recent 

presentations (27 October) were by 

Dr Jon Just Urratia (Spain) and Dr 

Jonathan Aubertin (Canada)

Paul Horrey

NZGS ISRM Liaison

Romy Ridl

NZGS ISRM YGP Coordinator

ISSMGE Report
Graham Scholey, ISSMGE Vice-President, Australasia

Graham Scholey 

The ISSMGE is the pre-eminent 

professional body representing the 

interests and activities of Engineers, 

Academics, and Contractors all over 

the world that actively participate 

in geotechnical engineering. The 

ISSMGE is a global organisation 

that provides focus for professional 

leadership to some 90 Member 

Societies and around 20,000 

individual members.  

The aim of the International 

Society is the promotion of 

international co-operation amongst 

engineers and scientists for the 

advancement and dissemination 

of knowledge in the field of 

geotechnics, and its engineering  

and environmental applications 

(www.issmge.org). Benefits of 

membership include:

•   possibility to submit papers to 

many conferences and symposia 

•  lower conference registration fees 

•   possibility of membership in 

of one the many technical 

committees working on  

specific topics 

•   access to work of ISSMGE in 

various fields of activity, including 

Education, Communications, 

Technology Transfer

•   opportunities to demonstrate 

leadership in Technical  

Committee (TC), conference  

and other activities 

implement some initiatives in Fiji, 

where he is currently based, aimed at 

generating interest in forming a local 

society. This includes providing some 

assistance to young geotechnical 

engineers in Fiji to attend the ANZ 

Young Geotechnical engineers 

conference in Rotorua in November 

2022, and for others to attend the 

ANZ in Cairns in July 2023.

One of my tasks as VP is to 

administer membership of the 

ISSMGE Technical Societies in our 

region.  I do this in conjunction 

with the ISSMGE VP Liaison in 

New Zealand, Rolando Orense.  

Each society can only have two 

nominated members per TC and, 

as you can imagine, those positions 

are coveted.  My policy has been to 

make sure that those who want a TC 

role are nominated to at least one TC 

so that everyone gets a chance. At 

the London meeting, it was agreed 

that TCs should be asked to evaluate 

their members every 2 years so that 

inactive or disengaged members 

could be replaced. 

Some other key messages about 

the TCs are:

•   The proposal by TC103 to create 

the Sloan Honour Lecture was 

approved with the proviso that 

the lecture “at least be delivered 

at the quadrennial conference 

on Numerical Methods in 

Geotechnical Engineering”. 

•   The name change of TC206 from 

Interactive Design to Observational 

Method was agreed. 

•   The proposed changes in protocol 

and TC guidelines regarding the 

election of TC Chairs were agreed.

•   The TOC would work to generate 

more ISSMGE Interactive 

Technical Talks. There has been 

one ITT to date.

•   The TOC would liaise with the 

Bulletin to gain greater exposure 

of the TC activity.  

•   opportunities to build lasting 

worldwide relationships 

•   a clear demonstration of interest 

and professionalism in the field  

of Geotechnics.

The ISSMGE recognises 6 regions, 

of which Australasia is one.  In 

the Australasia region, there are 

currently only two societies, the 

Australian Geomechanics Society 

(AGS) and the New Zealand 

Geotechnical Society (NZGS). 

Between us, our membership is 

probably the highest per capita of 

any of the regions.  

The International Conference on 

Soil Mechanics and Geotechnical 

Engineering recently held in Sydney 

was under the auspices of ISSMGE, 

being the 20th of these quadrennial 

events.  At the Sydney conference, 

a new President of ISSMGE was 

elected, Dr Marc Ballouz.  The Vice-

Presidents of each region were also 

selected in Sydney, along with other 

Board and Committee members.  

The term is 4 years.

There was recently a meeting of 

the new Board of ISSMGE in London 

on Sunday 4 September 2022. At the 

meeting, the President set out the 

revised structure for ISSMGE, which 

shows each of the primary initiatives 

of the society and the leader. 

As the VP for Australasia,  

I presented a vision for our region, 

which includes increasing the number 

of member societies in our region – 

not hard you would think as we only 

have two!  Those additional societies 

would need to come from the South 

Pacific Islands, a challenge in itself 

as there are currently no known 

established geotechnical societies in 

those regions. If you have any ideas 

or connections, I welcome hearing 

from you.  Currently, Ashe Cooper, 

Chair of the ISSMGE Young Members 

Presidential Group is helping to 
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A key initiative being driven from 

our region is the Time Capsule 

Project.  This was started in 2013 

by inviting Member Societies, TCs, 

and individuals to submit material 

of significance to geotechnical 

engineering to be opened in 150 

years.  The project is now led 

by Sukumar Pathmanandavel. 

Sukumar’s passion for this initiative 

is inspiring. As an outcome of 

recent discussion, the structure of 

the project will be streamlined with 

greater clarity about the objective 

and content of the TCP.

The Board is responsible for 

approving awards under a variety 

of categories, and the responsibility 

for administering awards is with the 

Awards Committee. The Awards 

Committee is represented in our 

region by Hugo Acosta-Martinez.  

The local societies should be active 

in making nominations to the 

Awards Committee and the AGS 

might consider a nomination under 

the Outstanding Member Society, 

an award which has previously 

been won by the New Zealand 

Geotechnical Society. 

At the London meeting, it was 

agreed that the fees for joining the 

Corporate Associates Presidential 

Group would be based on three 

levels of CAPG membership, Silver, 

Gold, and Platinum.  All CAPG 

members pay a uniform membership 

fee of $1,500 and receive equal 

benefits. Companies with less than 

20 total number of employees be 

admitted to Silver membership 

and receive a $1,000 rebate on 

membership fees. Companies 

wishing to achieve Platinum 

membership should, in addition to 

the membership fee, contribute 

$2,000 to any budgeted activity of 

the ISSMGE, and the sponsorship of 

Platinum members be acknowledged 

by the sponsored activity on the 

appropriate web page.

There are many conferences 

organised under ISSMGE, by the TCs 

and regions, of which the following 

are upcoming in our region:  

•   14th NZGS/AGS Young 

Geotechnical Professionals 

Conference, 02/11/2022 – 

05/11/2022, Rotorua, New Zealand, 

https://www.nzgs.org/14th-

nzgs-ags-young-geotechnical-

professionals-conference/

•   The 2nd International Conference 

on Geomechanics and 

Geoenvironmental Engineering 

(iCGMGE- 2022), 27/11/2022 

– 30/11/2022, Western Sydney 

University, Parramatta South 

Campus, Sydney, http://www.

icgmge.net.au

•   8th International Symposium 

for Geotechnical Safety & 

Risk, 14/12/2022 – 16/12/2022, 

Newcastle, NSW, https://

isgsr2022.org/

•   14th Australia and New Zealand 

Conference on Geomechanics, 

02/07/2023 – 05/07/2023, Cairns, 

Australia, https://anzgeo2023.

com.au/

•   5th International Conference 

on Transportation Geotechnics, 

November 2024, Sydney, Australia

Young Geoprofessionals Reports
2022 End of Year report

Helen Loach – Young Geoprofessionals Representative

2022 has been another challenging 

year for YGP’s. So much has 

happened and the start of the year 

and borders shut, covid lockdowns 

and traffic lights feels like years ago, 

not the couple of months that it has 

been in reality.

We have managed to achieve 

a huge amount. There have been 

4 regional symposia held, one in 

each of Auckland, Bay of Plenty, 

Wellington and Christchurch. Well 

done to the organising committees 

of each, you have done a stellar job.

Wendy Weng has taken over 

from Miles on managing the training 

poster project. A total of seven 

posters have now been released 

and the group is in the process of 

undertaking overarching reviews 

and preparing an eighth poster on 

ground model development. Thanks 

Wendy and team for your hard work.

Of course I have to mention, the 

14th ANZ Young Geoprofessionals 

Conference was held in Rotorua 

on 2nd to 5th November 2022. 

There were a total of 60 attendees 

made up of delegates, mentors, 

committee mentors and sponsors 

from Australia, New Zealand and Fiji. 

There were 2 days of presentations 

followed by a banquet dinner and 

field trip around the Rotorua region. 

The presentations and papers were 

of a very high standard and it was 

great to see our YGPs connecting, 

learning, sharing their knowledge 

and passion for Geotechnics. 

Congratulations to our prize winners. 

Jin Lee (Auckland Council) won 

the NZGS Young Geoprofessionals 

Fellowship for best New Zealand 

Paper, Xue Li (Keller) won the Don 

Douglas award for best Australian 

paper and Georgia Crisp (Engeo) 

won the peoples choice award. 

Thanks to all delegates, sponsors 

and of course the hard working 

committee. It was awesome to 

work on such a successful and well 

received event.

We have a lot of ideas for future 

YGP events and opportunities but 

we are always looking for more ideas 

and more people to be involved. If 

you are keen to be involved or have 

an idea which you think is great, 

please feel free to get in touch 

(ygp@nzgs.org). Have a relaxing 

break and see you next year.

Helen Loach
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In a time honoured tradition, the 

14th ANZ Young Professionals 

symposium was held in Rotorua 

in November 2022. It was NZ’s 

turn to host and being the smaller 

of the nations and being the first 

international YGP event post covid, 

we were determined to deliver a 

good one.

Planning began in December 2021, 

a time when the borders were closed, 

vaccine mandates, gathering limits 

14th ANZ Young Geoprofessionals Symposium
Rotorua, New Zealand

 A  ABSTRACTS

   

14TH AUSTRALIA AND NEW ZEALAND YOUNG GEOTECHNICAL PROFESSIONALS CONFERENCE  

14YGPC ROTORUA, NEW ZEALAND, NOVEMBER 2022

14TH AUSTRALIA & NEW ZEALAND 

YOUNG GEOTECHNICAL 

PROFESSIONALS CONFERENCE

2ND–5TH NOVEMBER 2022  

ROTORUA, NEW ZEALAND
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and lockdowns were very real things 

and made the event impossible under 

the rules at the time. It was really 

hard to get our heads around this 

and there was a lot of uncertainty 

that the event would go ahead, even  

1 year in advance.

The committee included Sarah 

Barrett (Beca, Christchurch), 

Christoph Kraus (Beca, Wellington), 

Hannah Hadley (Terrane, Tauranga), 

Nima Taghipouran (WSP, Dunedin), 

Nicky Manche (WSP Golder, 

Brisbane) and myself (Helen Loach, 

WSP Nelson). We worked hard 

pulling together sponsors, mentors, 

abstracts, reviewing papers and 

organising dinners, field trip, 

logistics, speakers, program and all 

the bits in between. The committee 

worked exceptionally well together 

and throughout the process 

formed friendships and valuable 

connections. We were supported 

by the kind and patient guidance of 

Eleni Gkeli (NZGS chair) and we are 

thankful for her mentoring.

There were a total of 60 attendees 

from Australia, New Zealand and Fiji.

The conference opened with 

a poolside welcome function 

with cocktails and nibbles at the 

Millenium Hotel. Delegates enjoyed 

meeting each other in a relaxed 

informal atmosphere. Ann Williams 

of Beca delivered a short Pepeha 

and speech to kick the event off.  

It was a great start to the next  

few days.

The next two days were filled 

with interesting and informative 

presentations on all things 

Geotechnics. These conferences are 

unique in that everyone going has 

to present a paper. This creates a 

level playing field and a supportive 

learning environment. The quality of 

the presentations and papers was 

very high and it was great to share 

knowledge across the tasman. At 

the end of each session, the mentors 

took the time to impart some of 

their wisdom, not always Geotech 

related onto the delegates. These 

quick insights were helpful and 

entertaining.

The NZGS and AGS jointly 

supported the attendance of 3 

delegates from Fiji to attend the 

conference. It was great to hear how 

Geotech is done in another part of 

the world and we hope this is the 

start of a new pacific partnership.

 Friday night was banquet dinner 

night! The group got on a bus to Te 

Puia, a venue showcasing the best 

Rotorua has to offer. The food was 

exquisite and we dined in a room 

overlooking the geysers followed by 

a walking tour of the geysers with 

some very enjoyable stories from our 

tour guide. Grant Maxwell of Stantec 

delivered an entertaining session 

on leadership. Prizes were awarded 

at the dinner and congratulations 

to our winners Jin Lee (Auckland 

Council) who won the NZGS Young 

Geoprofessionals Fellowship for best 

New Zealand Paper, Xue Li (Keller) 

who won the Don Douglas award for 

best Australian paper and Georgia 

Crisp (Engeo) who won the people’s 

choice award.

The field trip was lead by Brad 

Scott from GNS. The group enjoyed 

a relaxed and informative tour of 

local geothermal hot spots and 

volcanoes both new and old. We 

learnt to tell the difference between 

a mud pot and mud pool and the 

history of the volcanoes of the area.

Thanks to all delegates, mentors, 

sponsors, the AGS and NZGS and 

once again to the committee. This 

event was a huge success and it 

wouldn’t have happened without 

your support. Specific mention to 

our committee (already named) and 

mentors (Darren Paul (WSP Golder, 

Melbourne), Nia Levy (Fugro, Western 

Australia), Jen Smith (Tonkin and 

Taylor, Wellington) and Phil Robins 

(Beca, Palmerston North)).

For the record, the location of 

the next conference is guided by 

a popular vote from the delegates 

of the current conference. The next 

event is due to be held in Australia 

and the winning location was Fiji 

with 11 votes. Looks like we are 

heading for an island holiday!

The conference dinner was hosted 

at Te Puia, overlooking the geysers

At the YGP conferences everyone 

going has to present a paper, 

creating a level playing field and a 

supportive learning environment.

Brad Scott from GNS led the field 

trip of local geothermal hot spots 

and volcanoes both new and old. 
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YGP South Island 
Symposium, 
Christchurch

The 2022 NZGS Young Geotechnical 

Professionals South Island 

Symposium had a great turn out 

from a number of geotechnical 

engineers and engineering geologist 

from a variety of consultancies. 

The technical complexity of the 

presentations and quality of the 

presenters continues to improve 

year on year. This year’s winner of 

the Judges Award was Denvour 

Ritchie with his presentation of the 

site based activities at Manawatu 

Gorge, and the People’s Choice 

was awarded to Tobias Blaser for 

his detailed presentation on the 

influence of pumice on liquefaction 

using shake table experiments. Our 

mentors for the day were Dominic 

Mahoney and Anna Sleight, who 

provided plentiful feedback to 

presenters and shared their career 

Urgent work? We can help.
- North Island based 
- Easy to reach 
- Fast turn around

experience and lessons they have 

learnt along the way. The day was 

made possible by NZGS, and our 

sponsors Geotechnics and Seequent.

YGP Wellington 
Symposium 

In October we hosted the 

Wellington YGP Symposium. The 

symposium included a total of 14 

young geotechnical professional 

delegates from across the 

industry, including geotechnical 

engineering, engineering geology 

and contracting. Presentations 

included design and construction 

case studies, thesis and research 

topics, and early career lessons. 

Congratulations to all presenters for 

doing a wonderful job presenting. 

First and second-place prize winners 

were Georgia Crisp (ENGEO) and 

Ella McArthur (Beca), and the 

people’s choice award went to Mitva 

Patel (Brian Perry Civil). Thanks 

to our two mentors Adam Smith 

(ENGEO) and Brabha Pathmanathan 

(WSP), our sponsor presenters David 

Hepburn (Redi-Rock) and John King 

(Geotechnics), and Isabella Barbalich 

(Holmes) and Josh Lee (WSP) for 

organising the symposium.

ABOVE Wellington YGP Symposium. From left to right, the prize winners are Mitva 
Patel (people’s choice award), Georgia Crisp (1st place presentation) and Ella Mcarthur 
(runner up).
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Society Branch Reports

NORTH ISLAND

SOUTH ISLAND

Northland
Auckland

Bay of Plenty, Waikato 
Hamilton

CENTRAL East Coast 
Hawke’s Bay, Taranaki 
Wanganui

Wellington

Otago

International

Canterbury

Nelson
Marlborough

SEE THE  

EVENTS DIARY OR  

WWW.NZGS.ORG  

FOR FUTURE  

EVENTS

 
 

GEO-NEWS WEEKLY 
E-NEWSLETTER 
Our new weekly email 
lists all notices and 
Branch announcements 
normally sent to 
members, but in one 
email. Please send  
items to include to 
secretary@nzgs.org

Auckland 
The Auckland Branch have been 

supporting and organising a number 

of events recently, with the highlight 

being the increase of in-person 

attendance and the opportunity to 

network relatively freely. We thank 

our generous sponsors for jumping 

back on board with these events after 

the covid-driven hiatus, with each 

sponsor kindly taking care of food 

and drinks prior to the evening talks. 

In the past few months, the 

Auckland Branch have hosted 

talks covering high-profile projects 

being undertaken beneath the city 

(i.e., CRL), an interesting technical 

discussion on soft clays by industry 

stalwart Laurie Wesley, a panel 

discussion on the role of a peer 

reviewer in geotechnical design, and 

also support/assistance for NZGS-

organised evening talks hosted in 

Auckland. One such event was the 

recent NZ Geomechanics Lecture by 

Ann Williams as part of the nation-

wide roadshow, which was held at 

and kindly sponsored by Beca. In 

all cases, we have been impressed 

to see high turnout to these events, 

and we encourage members to keep 

attending and where relevant, to 

approach the Auckland Branch with 

potential evening talks. 

At the time of writing this report, 

the team are busy organising the 

annual Auckland Branch Christmas 

Mini-Symposium, which will be held in 

early December. This is the highlight 

event for the Auckland calendar 

and promotes the coming together 

of professionals from the region 

to present and discuss Auckland/

Northland specific projects/problems 

in a friendly and relaxed setting. This 

event was taken to an online platform 

last year and although still a great 

event, the team are looking forward 

to hosting attendees in-person again.

BoP/Tauranga
The Bay of Plenty Branch enjoyed 

having Ann Williams present the 

2022 NZGS Geomechanics Lecture 

in October. It was fantastic to 

have a turnout of over 40 people, 

with some travelling from as far as 

Gisborne to join with us in person. 

With the earthworks construction 

season in full swing here, we are 

looking forward to organising some 

site visits to active construction 

sites over the summer months. 

The next networking event is 

a combined ENZ/ICE social 

Reconnecting Tauranga tech-

professionals on 23 November 

in Tauranga. Keep an eye out for 

advertising and to RSVP.

Gisborne 
Although the Gisborne Branch 

hasn’t held any local events in the 

last 6 months, we have been able to 

join other branch events remotely, 

so a big thank you to those who 

are arranging the live streams.  It 

makes a huge difference in remote 

areas like Tairāwhiti. A few of our 

members made it down to Napier or 

across to Tauranga for Ann William’s 

Geomechanics Award Lecture. It was 

great for us to rub shoulders with our 

regional neighbours and attend Ann’s 

thought-provoking presentation. 

We are keen to be more active, and 

combine events with the East Coast 

Branch of EngNZ where possible. 

I’m currently looking for leads/ 

contacts regarding the work ongoing 

at Gisborne Port, so if you’ve been 

involved in the design and would 

like to present or can help arrange 

a site visit or are working on other 

interesting Gisborne projects please 

get in touch!

ABOVE Auckland Branch: Evening talk “City Rail Link’s 32m deep Karanga 
a Hape Station (Karangahape) Design and Construction”
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Hawkes Bay
The Hawkes Bay Branch recently 

got together in person for the first 

time in almost two years. The NZGS 

Geomechanics lecture roadshow 

was a great catalyst to get to get 

people out of their comfortable 

bubbles. The audience was treated 

to Anne William’s wide ranging and 

informative presentation, with a trip 

down memory lane for a surprising 

number of people now located in 

Hawkes Bay. 

As the lecture was presented 

shortly before the launch of the 

National Seismic Hazard Model, 

good discussion was had about the 

(at that time undetermined) impact 

in the Hawkes Bay region and later, 

how practitioners would present 

a common approach to the local 

market. The changes to the MBIE 

Module 1 in 2021 meant that most 

practitioners were not too surprised 

about the expected local changes.

The general feedback from the event 

was that now people have broken 

their isolation habits, we need to do 

it more often.

as to how many geotechnical 

engineers and engineering 

geologists we have in our region, 

the collaboration of all the geos 

and consultants from the region 

was awesome to see with everyone 

helping out our local councils and 

the civil defence response as part of 

the team.  There was a lot of mud 

wading, drowned mobile phones, 

massive slips, sleepless nights in the 

control room and a nice cold beer 

to facilitate a debrief of the event/

response at McCashins Brewery.  

In late September we enjoyed 

a visit from our NZGS 2022 

Geomechanics award winner Ann 

Williams for her talk on The Question 

or Risk.  As we come to the end of 

2022 the local geos will be joining 

EngNZ and SESOCC in a joint end of 

year social bowls tournament to be 

held on the 23rd November 2022.  A 

quick reminder to all the geos in the 

region to get in touch if you have a 

cool project etc you would be willing 

to present as a field trip, lunch time 

talk or evening presentation, we 

would love to hear all about it. 

Christchurch
It has been a quiet year for the 

Christchurch branch, but branch 

activities are slowly picking back up. 

We were lucky enough to have the 

following events run:

•   NZ Geomechanics Lecture – Ann 

Williams & the AGM

•   Liquefaction Assessment 

Methodologies for Reclaimed 

Gravelly Fill – Ribu Dhakal

•   Upcoming talk - Dynamic and 

Cyclic Behaviour of Non-plastic 

and Plastic Silt Soils - Armin W. 

Stuedlein

Duncan Henderson and Sam Burgess 

have stepped down as branch reps 

and are passing the baton on to 

some fresh faces. A big welcome to 

Tim Farrant (MBIE) and Zach Frame 

(Tonkin and Taylor) - thank you for 

volunteering your time and expertise. 

We are looking forward to more 

speakers and industry engagement 

in 2023. 

CHCH NZGS branch reps 

Otago
The Otago branch hosted one of 

the NZGS Geomechanics lectures 

in September which had a great 

turn out! We are working behind 

the scenes to arrange an end of 

year function as well as the South 

Dunedin Groundwater presentation, 

when updated results are available. 

Please get in touch with Tim or 

Hannah if you have any interesting 

sites or projects locally you would 

like to talk about to the branch.

ABOVE Wellington Branch

ABOVE Nelson Branch:The civil defence team debrief event after the storms 

Wellington
We’ve had another busy few 

months in the Wellington Branch. 

While many previous presentations 

had to be online due to Covid-19 

restrictions, we were finally able 

to host our first in-person events 

again which provided some great 

opportunities for the community  

to reconnect. 

Our first in-person event to 

reconnect the geotechnical 

community of the lower North Island 

was held in early September at the 

Engineering New Zealand office. 

It included a great presentation 

from Stu Mason (Geobrugg) on the 

importance of field testing (including 

some amazing videos), and plenty of 

time for networking and catching up 

with people that we may not have 

seen in a while. 

Later in September, Ann Williams 

presented NZGS’s premier award, 

the New Zealand Geomechanics 

Lecture, at the Beca office in 

Wellington. Ann’s lecture on The 

Question of Risk provided a great 

overview of the geotechnical risks 

we face, including how we recognise 

and respond to risk.

Both events in September had 

great attendance, with about 30-40 

people attending each event. We 

want to thank both Ann and Stu for 

presenting, and Geobrugg, Beca 

and Engineering New Zealand for 

sponsoring/hosting the events.

In other committee news, Safia 

has unfortunately recently left the 

NZGS Wellington Branch committee, 

as she has taken up a new role (still 

with Holmes Consulting) in Ōtautahi 

Christchurch. Safia has made 

great contributions to the NZGS 

Wellington Branch over the past  

few years, and so we wanted to take 

this opportunity to say a massive 

thank you and acknowledge all  

her efforts.

Nelson/
Marlborough
Nelson and the Top of the South 

have had a busy time recently with 

the August 2022 Storm Event hitting 

the region.  It was a great reminder 
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BEN FRANCIS
Ben is a geotechnical engineer 

with Tonkin & Taylor in 

Auckland and has a BE(Hons) 

and MEngSt(Geotech) from 

the University of Auckland. 

He has a broad interest in 

geotechnical engineering 

design, with a focus in 

liquefaction and geotechnical 

earthquake engineering. 

He works on technically 

challenging projects across  

NZ and internationally.

BFrancis@tonkintaylor.co.nz

AUCKLANDNORTHLAND

JAY DODDABALLAPUR 
Jay is a UK and NZ registered 

Chartered Geotechnical 

Engineer and is a Senior 

Associate at Jacobs. He has 

worked in the UK, Middle East 

and New Zealand on buildings, 

infrastructure and marine 

projects. He has experience 

in design and management 

of temporary and permanent 

works with a particular focus 

on providing value engineered, 

sustainable and buildable 

solutions.

Jay.Doddaballapur@jacobs.com 

WAIKATOAUCKLAND

LUKE STANLEY
Luke is an engineering 

geologist with CMW 

Geosciences in Hamilton. 

He graduated from the 

University of Plymouth, UK 

with BSc (Hons), 2016 and 

MGeol Geology, 2017 before 

moving into the geotech 

sector. After working in the 

south-west of the UK, he 

decided to chase warmer 

climates and gain experience 

working with the very 

variable soils in the Waikato. 

He has been working with 

CMW since 2019 on projects 

throughout the central north 

island. lukes@cmwgeo.com

BEN SMITH
Ben is an engineering 

geologist with HD Geo in 

Hamilton. He graduated from 

the University of Waikato 

with a BSc in GeoSciences in 

2013, and has since gained 

knowledge and experience 

working on projects through 

the central north island. 

Outside of work he enjoys 

the outdoors, surfing, music 

and the odd DIY renovation 

project.

ben.smith@hdgeo.co.nz

SHIMA SHEYBANI 
AGHDAM
Shima is a geotechnical 

engineer currently working 

at HD Geo in Hamilton. She 

studied for a bachelor’s in 

structural engineering in 

Azarbaijan before graduating 

with a Masters in geotechnical 

engineering in 2015 from 

Shahid Rajaee University in 

southern Iran. She moved 

to New Zealand in 2016 and 

joined HFC in Canterbury 

before moving to join  

HDGeo in April 2019.

shima@hdgeo.co.nz

PHILIP COOK
I am a Chartered Professional 

Engineer. I have an interest in 

risk assessment, landslides, 

Northland Allochthon geology, 

liquefaction, and seismic 

assessment for earthquake 

resistant foundations, 

foundation settlement. I 

look forward to improving 

the geotechnical features of 

soils in Northland. I enjoy the 

coastal lifestyle of Northland

phil@coco.co.nz

Branch Coordinators

LYNETTE SLA 
Lynette is a geotechnical 

engineer with McMillen Jacobs 

Associates. She graduated in 

the US with a BSc (Civil) and 

MSc (Geotechnical) from the 

University of Washington before 

joining the company in 2011. 

Lynette moved to NZ in 2017 and 

is now based in their Auckland 

office providing design support 

and coordination for a variety 

of underground projects in the 

US, NZ, and Australia, with a 

particular focus on tunnel and 

shaft excavation support.

 sla@mcmjac.com

VICK KUMARAN
Vick is a Chartered 

Geotechnical Engineer and is 

a Technical Director at Mott 

MacDonald. He has extensive 

experience working with 

geotechnical consultancy 

firms and specialist 

contractors, accumulating 

a variety of exposure to 

complex ground conditions 

and engineering risks. He 

has worked on various 

infrastructure projects in 

New Zealand, Australia and 

Malaysia.

Vick.Kumaran@mottmac.com

WELLINGTONTARANAKI

FRANCIS NEESON
Frances is an Engineering 

Geologist and Eastern region 

Geotechnical Manager with 

LDE Ltd in Gisborne. She has 

over 12 years of experience 

having previously worked in 

Auckland, Christchurch, and 

Kaikoura. She has previously 

held the role YGP Rep on 

the NZGS Management 

Committee from 2014-2017. 

Frances is looking forward 

to building momentum with 

the new Gisborne Branch and 

actively contributing to the 

NZGS community again.

f.neeson@lde.co.nz

TOM GRACE
Tom is a geologist who 

has worked for consulting 

companies on a large 

range of projects — 

predominately mineral 

exploration, mining 

feasibility & development 

and geotechnical projects 

in Southeast Asia, 

Canada, Australia and 

New Zealand. Tom has a 

strong interest in ground 

testing (CPT, surface and 

downhole geophysics, 

downhole testing).

tgrace@rdcl.co.nz

GISBORNE HAWKE'S BAY

ADAM SMITH
Adam is a professional 

Engineering Geologist 

(CMEngNZ) with 12 years’ 

consultancy experience 

throughout Australia and New 

Zealand. Adam’s key technical 

experience encompasses 

slope stability assessment 

and remediation, geotechnical 

design of retaining structures, 

ground improvement, design 

and construction monitoring 

of large MSE walls, and 

management of large scale 

residential and commercial 

earthworks operations.

ASmith@engeo.co.nz

CHRISTOPH KRAUS
Christoph is a chartered 

Engineering Geologist at 

Beca in Wellington. His key 

interests include analysing 

complex geology, as well as the 

assessment and mitigation of 

natural hazards. He’s conducted 

fieldwork in a range of different 

geological settings in New 

Zealand, Patagonia, Samoa, and 

Antarctica. Outside of work, 

Christoph’s interests include 

travel, exploring the outdoors, 

football, and photography.

Christoph.Kraus@beca.com

MATT  
SULLIVAN-BROWN
Matt is a Geotechnical Engineer 

at BCD Group Ltd in New 

Plymouth. Matt Graduated 

from Auckland University with 

a BE(Hons) in 2016. He has 

recently taken his experience 

working in and around the 

Auckland region back to 

Taranaki to tackle the unique 

geotechnical challenges within 

the region. Matt’s project 

experience ranges from smaller 

residential to large scale 

residential, commercial, and 

industrial developments.

matthewsb@bcdgroup.nz

SHIRLEY WANG
Shirley is a Geotechnical 

Engineer with 8 years of 

experience working at 

Tonkin & Taylor Wellington 

Office. She graduated from 

Canterbury University with 

a BE(Hons) in 2009. She 

has experience in seismic 

assessment, geotechnical  

and environmental 

investigation, slope stability, 

foundation design and 

construction monitoring.

SWang@tonkintaylor.co.nz

KIM DE GRAAF
Kim is a Senior Lecturer at the 

University of Waikato and a 

Senior Geotechnical Engineer 

with ENGEO and is based in 

Tauranga. Kim’s experience 

includes earthworks, detailed 

seismic assessments, building 

foundation design, 3Waters 

projects and resilience.  

Kim’s research interests  

cross a broad range of 

geotechnical areas including 

the behaviour of pumiceous 

soils, ground improvement 

and soil-foundation- 

structure-interaction.

KDeGraaf@engeo.co.nz

JAMES GRIFFITHS
James is an Engineering 

Geologist with Beca in 

Tauranga. After a previous life 

working in outdoor education 

and guiding on the Fox 

Glacier for 7 years, James 

studied Geology  

at Otago University, 

graduating in 2014 with 

a BSc (Hons). James has 

worked on site hazard 

assessments, geotechnical 

site investigations and 

ground modeling for a  

broad range of clients and 

market sectors.

James.Griffiths@beca.com

BAY OF PLENTY



NZ GEOMECHANICS NEWS • DECEMBER 2022116

SOCIETY

HANNAH UDELL 
Hannah is an Engineering 

Geologist at Tonkin & Taylor 

based in Dunedin, having 

previously worked out of the 

Christchurch and Hamilton 

offices. She has over 7 years’ 

experience predominantly 

based around geotechnical 

site investigations and a 

variety of natural hazard 

assessments.

HUdell@tonkintaylor.co.nz

TIM PLUNKET  
Tim is a chartered geotechnical 

engineer with GeoSolve Ltd in 

Dunedin currently working on 

projects over the Otago and 

Southland region. Previously 

Tim was based in Christchurch. 

Tim has 10 years of experience 

with his main work areas 

are focused on building 

foundations, retaining walls and 

geotechnical structures.

tplunket@geosolve.co.nz

PAUL JAQUIN
Paul is a Chartered 

Professional Engineer, and 

is Work Group Manager for 

Buildings and Structures 

in the WSP Queenstown 

office. He works across a 

range of disciplines, including 

building foundations, bridge 

assessment, retaining 

walls, rockfall and landslide 

analysis. Paul holds a PhD in 

unsaturated soil mechanics 

and is a recognised expert 

in mud brick construction, 

providing advice and 

engineering expertise 

internationally.

Paul.Jaquin@wsp-opus.co.nz

TIM FARRENT
DLiqui dita venimaximi, nobis 

duntibusam, to et aut aperro 

imin et re voluptat.

Aximos elendae vendam 

acererc hicille stotatur?

Mo ommolut pore, sim rerum 

ne cus, sunt quoditate ne pe 

solorem perciis qui reraepe 

rrovidistrum veriore peribus 

damus.

Lore optatur, cusdandiost 

ad molorib usaperum re, 

con escipsae vid eum autem 

accum liquost, qui blat libus 

eaquas dolorestis et audant v

KYLIE JOHNSON
I’m an Engineering Geologist 

working for Pattle Delamore 

Partners based in Nelson.  

I have been a NZ geologist 

for the past 9 years and 

a keen member of NZGS. 

I work closely with our 

Engineering NZ branch to 

bring events and functions 

to the Nelson region. I have 

a strong interest in site 

investigations and mapping 

around the top of the  

South Region.

Kylie.Johnson@pdp.co.nz

CANTERBURYNELSON

OTAGO QUEENSTOWN

SARAH BARRETT
Sarah is an Engineering 

Geologist at Beca Ltd 

in Christchurch. She has 

experience in natural 

hazard assessments and 

completed a PhD and post-

doctoral role researching 

geomorphic influences 

on observed liquefaction 

following the 2010-2011 

Canterbury earthquakes and 

2016 Kaikoura earthquake, 

and evidence for paleo-

liquefaction. In her spare 

time Sarah enjoys riding her 

horse and working on her 

lifestyle property.

sarah.barrett@beca.com

ZACH FRAME 
I work at Tonkin + Taylor 

as a Geotechnical Engineer 

in Christchurch. I’ve been 

working in the geotechnical 

space for the last three years 

and am one of the new 

NZGS Christchurch branch 

representatives.  I am  looking 

forward to bringing more 

events to our members  

in 2023 .

ZFrame@tonkintaylor.co.nz

 
 

GEO-NEWS 
WEEKLY 
E-NEWSLETTER
Our new weekly 
email lists all 
notices and Branch 
announcements 
normally sent to 
members, but 
in one email. 
Please send items 
to include to 
secretary@nzgs.org

TERESA TIM WRITE 
UPS + PICS ARE 
MISSING NZ Geotechnical Society  

2023 PHOTO  
COMPETITION

 CONDITIONS OF ENTRY

1.  Only amateur photographers may enter.
2. Photos must be taken by the entrant.
3. No computer generated pictures.
4.  Any photographs received may  

be published in subsequent  
NZ Geotechnical Society  
publications and material.

5.  Winning entries will be final and no 
correspondence will be entered into.

6.  NZ Geotechnical Society members  
only may enter.

 

The 2023 theme is 

 
•  Email to: editor@nzgs.org (send as jpgs)

• Entries close 30 September 2023

•  Clearly mark your entry with your name  
and provide a caption for your photo

SEND YOUR ENTRY TO

$250
wins

The winning photo and the  
top runners-up will be printed  
in the December 2023 issue  
of NZ Geomechanics News

 Anything 
Geotechnical

 ENTRIES CLOSE
30 September

first prize
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TYPE
BLACK  

AND WHITE
COLOUR 

SPECIAL PLACEMENTS
SIZE

INSIDE FRONT OR 
BACK COVER

OPPOSITE 
CONTENTS PAGE

Double A3 - $1400 $1600 (front A3) 420mm wide x 297mm high

Full page A4 $600 $700 $1000 $1000 210mm wide x 297mm high

Half page $300 $350 - 90mm wide x 265mm high 
210mm wide x 148mm high

Quarter page $150 $175 - 90mm wide x 130mm high

Flyers/inserts From $700 for an A4 page, contact us for an exact quote to suit your requirements as price depends on 
weight and size.

ADVERTISING
NZ Geomechanics News is published twice a year and distributed to the Society’s 1000 plus members throughout  

New Zealand and overseas. The magazine is issued to society members who comprise professional geotechnical and 

civil engineers and engineering geologists from a wide range of consulting, contracting and university organisations,  

as well as those involved in laboratory and instrumentation services. NZGS aims to break even on publication,  

and is grateful for the support of advertisers in making the publication possible.

NOTES

1. All rates given per issue and exclude GST

2. Space is subject to availability

3. A 3mm bleed is required on all ads that bleed off the page.

4. Advertiser to provide all flyers

5.  Advertisers are responsible for ensuring they have all appropriate 

permissions to publish. This includes the text, images, logos etc. Use 

of the NZGS logo in advertising material is not allowed without pre-

approval of the NZGS committee.

WE ARE HAPPY TO 

announce we now have 

a Taranaki/Palmerston 

North branch.  All of 

the Branch Rep’s have 

some exciting events 

coming up next year 

that will appear in 

our newsletters and 

website as they are 

announced.

Have a safe Summer 

holiday and a Happy 

New Year to everyone!

Teresa Roetman

 

Please remember 
to contact the 
Management Secretary 
(Teresa) if you 
wish to update any 
membership, address or 
contact details.  If you 
would like to assist your 
Branch, as a presenter 
or sponsor, or to provide 
a venue, refreshments, 
or an idea, please drop 
a line to your Branch 
Co-ordinator  or Teresa.  
If you require any 
information about other 
events or conferences, 
the NZGS Committee 
and NZGS projects, 
or the International 
Societies (IAEG, ISRM 
and ISSMGE) please 
contact the Secretary 
on secretary@nzgs.org  
You may also check the 
Society’s website for 
Branch and Conference 
listings, and other  
Society news:  
www.nzgs.org

Management Committee 2022-2023

EDITORIAL POLICY
NZ Geomechanics News is 
a biannual bulletin issued 
to members of the NZ 
Geotechnical Society Inc. 

Readers are encouraged to submit 
articles for future editions of NZ 
Geomechanics News. Contributions 
typically comprise any of the following:

•  technical papers which may, but 
need not necessarily be, of a 
standard which would be required 
by international journals and 
conferences

• technical notes of any length

•  feedback on papers and articles 
published in NZ Geomechanics News

•  news or technical descriptions  
of geotechnical projects

•  letters to the NZ Geotechnical 
Society or the Editor

• reports of events and personalities

• industry news

• opinion pieces

Please contact the editors  
(editor@nzgs.org) if you need  
any advice about the format or 
suitability of your material.

Articles and papers are not normally 
refereed, although constructive post-
publication feedback is welcomed. 
Authors and other contributors must 
be responsible for the integrity of their 
material and for permission to publish. 
Letters to the Editor about articles and 
papers will be forwarded to the author 
for a right of reply. The editors reserve 
the right to amend or abridge articles 
as required.

The statements made or opinions 
expressed do not necessarily reflect 
the views of the New Zealand 
Geotechnical Society Inc. 

www.nzgs.org

NZGS Membership 
SUBSCRIPTIONS
Annual subscriptions cost $135 
per member. First time members 
will receive a 50% discount for 
their first year of membership; 
and student membership is 
free. Membership application 
forms can be found on the 
website http://www.nzgs.org/
membership.htm or contact the 
NZGS Secretary on secretary@
nzgs.org for more information.

Advertisers’ Directory

Letters or  
articles for NZ 

Geomechanics News 
should be sent to  
editor@nzgs.org

MEMBERSHIP
Engineers, scientists, 

technicians, contractors, 

students and others who 

are interested in the 

practice and application 

of soil mechanics, 

rock mechanics and 

engineering geology are 

encouraged to join.  

Full details of how to  
join are provided on  
the NZGS website  
http://www.nzgs.org/
about/

POSITION NAME EMAIL

Chair Eleni Gkeli chair@nzgs.org

Vice Chair & Treasurer Jen Smith treasurer@nzgs.org

Immediate Past Chair Ross Roberts Ross.c.roberts@gmail.com

Elected Member Sam Glue sam.glue@beca.com

Elected Member Richard Justice rjustice@engeo.co.nz

Elected Member Ayoub Riman ariman@engeo.co.nz

Elected Member Emilia Stocks estocks@tonkintaylor.co.nz

Elected Member Liam Wotherspoon l.wotherspoon@auckland.ac.nz

Co-opted YGP 
Representative

Helen Loach ygp@nzgs.org

Co-opted Geomechanics 
News Editors

Camilla Gibbons
Robert Kamuhangire

editor@nzgs.org
robert@kga.co.nz

Co-opted Website Editor

IAEG Australasian  
Vice President

Doug Johnson djohnson@tonkintaylor.com

ISRM NZ Representative Paul Horrey Paul.horrey@beca.com

ISSMGE NZ 
Representative

Rollo Orense r.orense@auckland.ac.nz

Appointed Secretary Teresa Roetman secretary@nzgs.org
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TERESA WHO IS WEBSITE 
EDITOR?

The New Zealand Geotechnical Society 

(NZGS) is the affiliated organization in 

New Zealand of the International Societies 

representing practitioners in Soil mechanics, 

Rock mechanics and Engineering geology. 

NZGS is also affiliated to the Institution 

of Professional Engineers NZ as one of its 

collaborating technical societies.

The aims of the Society are:

a)  To advance the education and application 

of soil mechanics, rock mechanics and 

engineering geology among engineers 

and scientists.

b)  To advance the practice and application 

of these disciplines in engineering.

c)  To implement the statutes of the 

respective international societies in so far 

as they are applicable in New Zealand.

d)  To ensure that the learning achieved 

through the above objectives is passed 

on to the public as is appropriate.

All society correspondence should be 

addressed to the Management Secretary 

(email: secretary@nzgs.org). 

The postal address is NZ Geotechnical 

Society Inc, PO Box 12 241,  

WELLINGTON 6144. 



NZ GEOMECHANICS NEWS •  DECEMBER 2022120

 2-5th July
 Cairns, Australia

  ANZ2023 – 14th Australia  

and New Zealand Conference  

on Geomechanics

14-18 August
Kazakhstan

17th Asian Regional Conference on 

Soil Mechanics and Geotechnical 

Engineering (17ARC)

17-21 September
Rome, Italy

12th International Conference on 

Geosynthetics 

21-27 September
Chengdu, China

The IAEG XIV Congress 

9-14 October
Salzberg, Austria

15th ISRM International Congress on 

Rock Mechanics

SOCIETY

2023

2 – 5 May
Milos Island, Greece

8th International Conference on 

Unsaturated Soils

24-26 May
Reykjavik, Iceland

NROCK2022

7-10 June
Oslo, Norway

3rd JTC1 Workshop on Impact of 

Global Changes on Landslide Risk

25-28 June
Crete Island, Greece

9th International Congress on 

Environmental Geotechnics

26-28 June
London, UK

Numerical Methods In Geotechnical 

Engineering 2023

26-29 June
Turin, Italy

8th International Conference on 

Debris Flow Hazard Mitigation

20-22 November
Fukuoka, Japan

2nd International Conference 

on Construction Resources for 

Environmentally Sustainable 

Technologies

2024

7-10 May
Osaka, Japan

8th International Conference  

on Earthquake Geotechnical 

Engineeering

25-30 August
Lisborn, Portugal

XVIII European Conference on 

Soil Mechanics and Geotechnical 

Engineering

12-17 November
Pucon, Chile

XVII Panamerican Conference on 

Soil Mechanics and Geotechnical 

Engineering

2026

14-19 June 
Vienna, Austria

21st International Conference On 

Soil Mechanics and Geotechnical 

Engineering
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Reach out for a project

specific assesment

Jet Grouting 
At Menard, we have a proven track
record delivering jet grouting works
for a wide range of applications such
as: building foundation upgrades,
airport & port repairs, deep ground
stabilisation for Metro projects and
environmental barriers.

We utilises this highly flexible
technique in areas that are difficult to
access using inclined columns,
directional drilling and highly modified
plant to fit in tight spaces.
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