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For over more than 40 years, Grouting Services has delivered some of
New Zealand’s most significant Ground Anchoring, Soil Nailing, Micro-Piling
and Post-Tensioning contracts.
With ground anchor technology advancing all the
time, our association with Samwoo means our
New Zealand clients will continue to have access
to world-leading technology including:
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(SW-RCD)
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(SW-SMART)
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· Permanent tensile frictional anchors
(SW-PTF)

We have successfully completed some 5000m
of removable anchors and the level of enquiry
continues to rise as the sustainable benefits of
this technology are realised - once a construction
project is completed, there is nothing left in the
ground that will obstruct future developments on
adjoining properties.
Samwoo’s anchor technology is economical,
efficient and another way for Grouting Services
to remain at the forefront of our industry.

If you’re interested in working with us or finding out more about the results we’ve achieved
for our clients call 09 837 2510 or visit our website.

Our multidisciplinary operation specialises in the fields of ground anchoring, soil nailing, drilling,
post-tensioning and grouting. The combination of capability and depth of technical expertise makes
us a market leader and supports our reputation for providing value engineered solutions to our customers.
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We’re proud to be the sole distributor in New Zealand for Samwoo Anchor Technology, BluGeo GRP60 Bar,
OVM Prestressing Systems, Tighter (Kite) Earth Anchors and Grout Grippa Grout Sock (Australasia).
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and subsoil class.
Please contact us for
further information.
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CHAIR ’S CORNER

Ross is Auckland Council's
geotechnical and geological
practice lead, which involves
managing all aspects of
geotechnical and geological
risk. This ranges from
emergency management
and geohazard studies
to geotechnical design,
standards and policy.

Ross Roberts
Chair, Management
Committee
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IN DECEMBER I wrote about how
busy our geotechnical sector has
been. That feels like a long time ago
now, and much has changed for us
all in the first half of this year. NZGS
activities have been significantly
affected by the COVID-19 lockdown
and related economic impacts. We
are a voluntary organisation and
our members have had to prioritise
their work and family lives in these
challenging times.
Despite this we have achieved
some great successes. I’m particularly
proud of how our NZGS Symposium
organising committee have worked
tirelessly on contingency plans, and
it’s through their efforts (and those
of our whole country in lockdown)
that we are now in a good position
to run a successful event in October.
We have a full programme with very
high-quality papers and are looking
forward to finally being able to get
together again with our friends from
around the industry.
Our branches have run a series of
excellent online talks to fill the gap
left in our evening meeting schedules.
These have attracted huge audiences
and demonstrate how much demand
there is for technical presentations.
We will still want to get together
in the future to discuss our shared
interests, but this forced experiment
proved that delivering some of our
presentations online is popular and
should continue. I am very grateful
for the hard work of our branch
coordinators who made this happen in
the most trying of circumstances.
We have also run a scheme to
provide grants to upload the data
to the New Zealand Geotechnical

Database. This scheme was designed
as a win-win for the organisations
that received funding and for the
wider geotechnical community.
The companies were given the
opportunity to productively use some
of their down-time during this period
of uncertainty, while the geotechnical
community got cost effective access
get new, high-value data online which
would otherwise have languished in
private archives. Priority was given
to companies that had demonstrated
commitment to data uploads in the
past, and I encourage you all to use
any spare time to boost your own
data uploads.
CHANGES ON THE
MANAGEMENT COMMITTEE
Sadly we have had to say farewell
to Stuart Read, one of our most
influential and hard-working
committee members, who has
reached the end of his term as
Australasian Vice President for
the International Society Rock for
Mechanics and Rock Engineering
(ISRM). Following tradition he
has handed this role over to a
representative from the Australian
Geomechanics Society, Sevda
Dehkhoda. His place on the NZGS
committee has been filled by Paul
Horrey of Beca, who will work with
Sevda to represent our interests.
Paul leads Beca’s geotechnical
team in Christchurch, and is an
engineering geology and rock
mechanics specialist. As a Chartered
Professional Engineer and a
Chartered Geologist he’s perfectly
suited to represent our interests with
the ISRM.
NZ Geomechanics News • June 2020
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Paul Horrey

Rick Wentz

INTERNATIONAL SPEAKERS
Sally Hargraves continues her role
looking after the branches and
co-ordinating international speakers.
She has been hugely successful at
getting speakers fro m around the
world to visit New Zealand to share
their knowledge, but unfortunately
all overseas visits are currently off
and once restrictions on international
travel are lifted, will be revisited.
Sally is working with the Symposium
organising committee to investigate
options for online presentations to
replace visits in the meantime.
OCCUPATIONAL REGULATION
The NZGS committee have been
working closely with Engineering
NZ to give advice to MBIE on
occupational regulation, and
particularly how the changes

Andreas Giannakorgiorgos

proposed following the Royal
Commission.
The Ministry’s work on the
occupational regulation of engineers
is on hold as the country responds
to the threat of Covid-19. In the wake
of Covid-19, we expect MBIE will
be reassessing its work programme,
including whether it will progress the
occupational regulation of engineers.
NATIONAL SEISMIC
HAZARD MODEL
The NZGS has been invited by the
team responsible for updating the
National Seismic Hazard Model to
provide practitioner representatives
on their Technical Advisory Group
to help them understand the technical
implications of the decisions they
will be making. I’m delighted to
announce that the NZGS will be

Ananth Balachandra

represented by Rick Wentz and
Andreas Giannakorgiorgos.
Rick has a wealth of experience
in this field, and his expertise in
geotechnical earthquake engineering
will be invaluable for the committee.
Andreas brings significant
geotechnical earthquake engineering
skills from New Zealand and Greece
and will provide advice on how the
model is used in everyday practice.
EARTHQUAKE GEOTECHNICAL
ENGINEERING MODULES
We are working closely with
Engineering NZ and MBIE to finalise
the Earthquake Geotechnical
Engineering modules. These were
originally published in “preliminary
draft” form. They’ve now been tested
and some really good feedback
has been received, so it is time to

NZGS

SYMPOSIUM

2020
Good grounds for the future
16–18 October 2020 • Dunedin • New Zealand

JuneGeomechanics
NZ
2020 • NZ Geomechanics
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2020
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Earthquake Geotechnical Engineering Modules

We are working closely with Engineering NZ and MBIE to ﬁnalise the Earthquake Geotechnical
Engineering modules. These were originally published in “preliminary draQ” form. They’ve now been
tested and some really good feedback has been received, so it is 9me to ﬁnalise the documents. This
CHAIR'S CORNER
two-year programme is now 12 months in and is on track for 9me and budget.

Above – Progress on the Earthquake Geotechnical Engineering modules

Figure 4 – Progress on the Earthquake Geotechnical Engineering modules
finalise the documents. This two-year
programme is now 12 months in and is
on track for time and budget.
The NZGS committee is keen to
involve more young engineers in this
project. The intent of this is threefold:
• 	To provide continuity for future
module updates. It is hoped that
the nominees will be available in
future years and will be able to
use the lessons learned from their
time on the finalisation project to
efficiently update the documents.
• 	To provide opinions to the author
panel from practicing engineers
on how the modules are currently
being used in practice.
• 	To provide learning opportunities
for specific members who can
then share the knowledge with
their colleagues.
I am very pleased to report that our
first nomination to support these
modules is Ananth Balachandra.
Ananth is a geotechnical engineer
with strong experience in probabilistic
seismic hazard analysis, seismic site
response analysis and numerical
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modelling, as well as being a very
practical engineer.
OTHER NZGS ACTIVITIES
I have continued to work with MBIE
representing the geotechnical
profession on their Building Code
Technical Advisory Group (BCTRAG).
This group meets quarterly to raise
technical issues and recommend
improvements for MBIE to consider.
If you have any issues that you would
like raised with MBIE please contact
me using chair@nzgs.org.
Tony Fairclough is leading the NZGS
involvement in the joint NZGS/SESOC
project “ASG Piling Specification
Review and Update Project”.
Our project to create a guideline
for the design and installation of
ground anchors and soil nails has
made a promising start under
the guidance of Katy Cotingham,
working with Jethro Neeson,
Kevin Anderson, Nima Taghipouran,
Robert Hillier, Michael Sorensen,
Lars Schmidt, Stuart Finlan, Greg Saul,
Ian McPherson, Adam Campbell,
Tim Pervan, Brabha, David Sharp,

Michael Ashby, and Kyle Webster.
Other key projects in our work
programme for this year are:
• 	An update to the Field Guide to
Soil and Rock Description.
• 	Starting work on a practice guide
for slope stability.
• 	Updates to the New Zealand
Ground Investigation Specification
to incorporate feedback.
These projects are still in the scoping
phase, with the start delayed by the
impact of the COVID-19 restrictions.
CONCLUSION
This has been a most unusual and
challenging time for our members and
for the society. We are fortunate that
we have been able to continue many
of our activities, and the hard work of
all our volunteers has been humbling.
Thank you all.
We are now well placed to
continue our activities in the second
half of the year, the highlight of
which will no doubt be our symposium
in October. I really hope to see
you there.
NZNZ
Geomechanics
Geomechanics
News
News
• June
• June
2020
2020
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EDITORIAL

Variety is the spice of life
IN THE CHANGES that have been forced
upon us all by COVID-19 we see inspiration
in innovation all around us – on line
shopping, click-and-collect, businesses
refocussing – as well as the adverse effects
such as loss of jobs, business failures and
people behaving like idiots.
Life for the geotechnical community will
undergo changes as a result of the COVID
chaos. We cannot yet predict the future
with any clarity but we, your Editors, fully
expect the engineering profession to show
leadership and good management to rival
that shown by our Prime Minister and her
key off-siders during the recent crisis.
In this issue we have a taste of spice
for your enjoyment. We have new ideas,
thought-provoking articles and some
great examples of the work we do (have
done) in the form of case studies. But
more importantly, we have focussed our
lead article on an issue that is affecting
us all now and will become even more
important to the community in future –
coastal erosion and other effects of rising
sea levels are here to stay, perhaps for a
very long time, and will require innovative
engineering and community responses.
A recent article in the Los Angeles
Times discussed the issues, currently
adopted solutions and problems
associated with them. In summary:
Seawalls in various forms are the
current ‘go to’ option but come with a
hidden cost — ultimately they force the
sand before them to wash away. For every
new seawall protecting a community or
a road or rail line, a beach is sacrificed.
Adding sand to disappearing beaches is a

race against nature but the race only lasts
as long as the money and the available
sand. The ocean always wins.
The other option is “managed retreat”:
move back, relocate, essentially cede the
land to nature. But we have to be careful
not to create additional environmental
impacts in the process – think of the effects
of exposing old waste dumps, for example.
Our feature article outlines the ways
in which sea-level rise and associated
changes in coastal erosion and flooding
hazards present a significant challenge
for New Zealand that requires new,
innovative and adaptive management
and infrastructure approaches. This will
manifest as major changes in policies, new
risk management strategies and innovative
engineering. It is a critical issue for the
future, so please read the article carefully.
But that’s not all folks. As you all know,
we are a wasteful society long given to
dumping or burying stuff we don’t need,
don’t want or don’t know what to do
about. Old tyres are a classic example
- at present only 30% of the 5 million
unwanted tyres produced annually in NZ
are recycled. The rest are sent to landﬁll,
stockpiled or illegally dumped. Read about
the research being undertaken at the
University of Canterbury to reuse these
tyres as a construction material in civil
engineering applications and in particular
to design earthquake resistant structures
by developing innovative dissipative
foundation systems.
Enjoy this variety of spices.
Don and Gabriele

Don Macfarlane has worked
as an applied engineering
geologist for nearly 40 years
and has accumulated some
knowledge, a fair bit of
wisdom and a few brickbats
along the way.
His real interest is dams
and associated issues (seismic
hazard, slope instability)
but any good geohazard
affecting an engineering
structure will do. These days
he is a Technical Director with
AECOM in Christchurch.

NZ Geomechanics News
co-editor

Gabriele is a Senior Lecturer in
Geotechnical Engineering at
the University of Canterbury.
Gabriele’s research interests
include earthquake
geotechnical engineering
and related problems;
constitutive modelling for
geomaterials; development
of advanced laboratory
and field testing devices;
geo-hazard reconnaissance
and mitigation; reuse and
recycling of industrial
granular wastes as
sustainable geomaterials.

NZ Geomechanics News
co-editor
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Landslide Risk Assessment and Mitigation
(LARAM) course – India 2020

Romy Ridl

Above: IIT Roorkee was a perfect venue for the LARAM course due to its rich history in civil
engineering. It was first established in 1847 to train engineers for the construction of the Ganges
Canal, making it the second oldest technical institution in Asia. (Photo credit: Srujan Chalavadi)

I WAS LUCKY enough to be selected
to participate in an international
Landslide Risk Assessment and
Mitigation (LARAM) course held at
the Indian Institute of Technology (IIT),
Roorkee in northern India between
17 and 22 February 2020. Roorkee is
about 180 km north of New Delhi and
is tucked in against the foothills of
the Himalayas between the Ganges
and Yamuna Rivers. The LARAM
course was organized by the University
of Salerno (Italy), the Norwegian
University of Science and Technology
(Trondheim, Norway), the Indian
Institute of Technology Roorkee
(India) and the Indian Geotechnical
Society (Roorkee chapter). The
course was open to a maximum of
21 international PhD students, 12 young
PhD holders and/or professors, as well
as 13 Indian professionals.
The LARAM School has been
running annual courses since 2006,
typically held in Europe, although
three courses have been held in
Chengdu, China. The February 2020
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course was the first LARAM event to
be held in India. Owing to its success,
it is hoped this was just the first of
many more to be held in India.
The aim of the LARAM School
is teach state of art interdisciplinary
practices for assessing, forecasting
and mitigating landslide risk. The
course, which involved a series of
lectures, tutorials and a fieldtrip,
covered the following themes:
• 	Landslide features, inventory
and monitoring,
• Landslide risk theory,
• Geomechanics of landslides,
• Landslide zoning, and
• 	Landslide risk assessment
and management.
The speakers were a fantastic array of
renowned experts including Professors:
Michel Jaboyedoff (Universtè de
Lausanne, Switzerland), Michele
Calvello (University of Salerno, Italy),
Vikas Thakur (Norwegian University of
Science and Technology, Trondheim,
Norway), Sabatino Cuomo (University of

Romy is an engineering geologist in
the final stages of completing a PhD
at the University of Canterbury. She
is researching buckling deformation
associated with Deep Seated
Gravitational Slope Deformations
(DSGSD) in Central Otago and
concurrently teaching Rock Mechanics
to post-grad students..

Salerno, Italy), Sivakumar Babu (Indian
Institute of Science, Bangalore, India)
and the following cohort from the
Indian Institute of Technology, Roorkee:
Rathinam Anbalagan, Priti Maheshwari,
Mahendra Singh and Narendra
Samadhiya.
The course was intensive, covering
advanced theories on a range of
landslide-related topics which are
highly relevant to our New Zealand
setting. Personal highlights of the
technical content of the course were:
• 	Introduction of LaRiMit (Landslide
Risk Mitigation Toolbox) a free
website (https://www.larimit.com/)
developed by the Norwegian
Geotechnical Institute. LaRiMit
is an expert mitigation toolbox
which uses a rating system to
assess the suitability of a range
of mitigation measures based on
the user inputs (mode of analysis,
type of movement, material type,
depth and rate of movement,
groundwater and surface
water conditions).
NZ Geomechanics News • June 2020
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Above: LARAM India 2020 cohort.

Above: Field trip in the foothills of the Himalayas
demonstrated the challenges of landslides and
infrastructure in India (as well as the questionable
use of gabions and concrete walls).
Left: LARAM course involved five 8-hour
days of lectures and a one-day fieldtrip to the
foothills of the Himalayas.

• 	Multiple lectures on modelling
landslide triggering and
propagation which highlighted
the importance of taking into
consideration: a) partial saturation
of soil matrix (soil suction) and its
seasonal variations, b) antecedent
moisture conditions: dry ground
conditions promote higher
runoff during short-duration
high intensity rainfall events
due to low permeability leading
to a higher portion of debris
flows rather than deeper seated
landslides, c) the entrainment rate
(basal erosion) of debris flows
results in an amplification factor
between the initial triggered
volume and the final volume.
• 	Lectures and tutorials on risk
analysis, risk mitigations and
qualitative risk assessments.
June 2020 • NZ Geomechanics News

Multiple case studies were
used to demonstrate the
importance of developing local
and regional hazard zonation
maps that incorporate various
methods hazard analysis based
on triggering and site conditions.
The outputs of the zonation
maps and hazard assessments
can be incorporated into risk
analysis and integrated with
early warning systems for the
development of landslide risk
management for sustainable and
resilient development.
The ultimate highlight of the
course were the personal networks
established between all the
attendees. The Indian cohort warmly
welcomed the internationals who
came from a number of countries

including New Zealand, Austria and
Brazil, and took pride in introducing
us to their culture, food, incredible
country and vast number of
landslides. Fortunately due to the
linguistic diversity of India, with
22 official languages (and hundreds
of unofficial languages), the
educational medium of all universities
is English, so all conversations
were inclusive.
The LARAM course was excellent
and is highly recommended for
any PhD students or young PhD
holders (within 5 years of submission).
Further information about
future courses can be found on
http://www.laram.unisa.it/.
I would like to thank the Mason
Trust at the University of Canterbury
for making my attendance at the
LARAM India 2020 course possible.

11

PROJECT NEWS

Geotechnical Engineering Design and the
New Zealand Building Code System
Update from Mike Stannard, MBIE
THE EARTHQUAKE
GEOTECHNICAL Engineering
Practice Series (the Modules),
published jointly by MBIE and NZGS
during 2016 and 2017, is currently
being updated. Feedback from users
is now being incorporated and new
research and information is being
incorporated to continue to assist
design professionals to improve
practice. Feedback has been received
showing there was a need to provide
greater clarity about the Building
Code system and where the Modules
fit into the system. This article is an
advance copy of what is intended to
be included in Module 1 when it gets
published later this year.

Figure 1
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1.5.1 BUILDING CODE SYSTEM
Figure 1 provides an overview of the
design process and the interaction
with legal requirements. Getting
a clear understanding of client
requirements is always the starting
point. Client requirements may well
exceed the minimum performance
levels set in the Building Code,
depending on their objectives and
purposes for the building, they
cannot be set at a lower level than
the Building Code. Once the design
brief is developed and agreed,
decisions can be made about the
design approach, the type of ground
investigations needed, the process
necessary for estimating ground

motion parameters, and whether a
simplified or more complex dynamic
non-linear analysis is appropriate.
The design is undertaken following
a check for legal minimum
requirements, with close collaboration
of all other parties, including
structural designers and the Building
Consent Authority, BCA.
The regulatory triangle on the
right-hand side of Figure 1 describes
the Building Code system, providing
the hierarchy for the minimum
legal requirements and compliance
pathways. Refer to Building Code
Handbook for greater detail. The
diagram also illustrates that Section
175 guidance can be issued by

Design Process and Legal Context
NZ Geomechanics News • June 2020

PROJECT NEWS
MBIE to better inform and provide
greater clarity for designers and
BCAs. Guidance can be targeted at
three levels: Building Act provisions;
Building Code performance
requirements; or for design solutions,
including Alternative Solutions.
The Building Act: 2004, (B.A.
s.17), requires that all building work
must comply with the Building Code.
The Building Code ‘prescribes
functional requirements for buildings
and the performance criteria with
which buildings must comply in
their intended use’ (B.A. s.16). The
performance-based Building Code
is detailed in Schedule 1 of Building
Regulations 1992. Internationally there
has been a strong move towards
performance-based Building Codes.
They allow for innovation in methods
and materials used, greater flexibility
to meet client requirements and
quicker uptake of new knowledge. The
Objective, Functional Requirement,
and Performance is stated in the
Code and it is up to the designer to
meet these outcomes rather than
hiding behind some prescriptive
design exercise of ‘just following
the rules’.
There are different pathways
for demonstrating compliance with
the Code. Prescriptive Acceptable
Solutions and Verification Methods
provide a ‘deemed to comply’
pathway and Alternative Solutions
provide an opportunity for the
designer to demonstrate directly
that the design meets the
performance requirements set in
the Code. Acceptable Solutions and
Verification Methods are not fully
comprehensive, and most projects
have an Alternative Solution element,
requiring additional analysis
and considerations.
Designs following the Acceptable
Solutions and Verification Methods
published by MBIE, eg Verification
Method B1/VM1, or Acceptable
Solution B1/AS1, must be accepted
June 2020 • NZ Geomechanics News

by the Building Consent Authority,
BCA, when making Building Consent
decisions. Verification Methods
and Acceptable Solutions usually
reference specific New Zealand or
international Standards, eg NZS 1170.5
is referenced in B1/VM1 and NZS
3604 is referenced in B1/AS1.
Being a performance-based
code, Alternative Solutions are
permitted, indeed should be
encouraged, provided the designer
can demonstrate that the design will
meet minimum Code performance
requirements. This is particularly the
case for geotechnical engineering as
considerable complexities are often
encountered but are not considered
in the prescriptive pathway. Real
caution is necessary if using the
prescriptive pathway, as the relevant
Verification Method, B1/VM4, has
a narrow scope of application, and
some aspects are thought to no
longer meet current design practice.
This is an area being reviewed
by MBIE.
The BCA must issue a Consent if
it is ‘satisfied on reasonable grounds
that the provisions of the building
code would be met if the building
work were properly completed
in accordance with the plans and
specifications that accompanied the
application’ (B.A. s.49).
Following s.175 guidance that has
a legal status, helps BCAs satisfy
the ‘reasonable grounds’ test.
Section 19(2)(b) of the Building Act
specifically provides for BCAs to take
into account Section 175 guidance
when making consent decisions.
However, it is important that the
designer recognises the limits of their
competence and experience and
that they are capable of undertaking
the project design requirements.
This capability will be a factor
the Building Consent Authority
considers when assessing a building
consent application and applying the
‘reasonable grounds’ test.

1.5.2 SECTION 175 GUIDANCE
Given the complexity and
uncertainties associated with
earthquake geotechnical engineering
problems, as well as the unique
features of each site and consequent
large variety of soil characteristics
and ground conditions encountered,
geotechnical practice frequently
relies on guidance documents
rather than prescriptive standards.
Such guidance documents provide
appropriate support for geotechnical
engineers and designers, and hence
are the accepted norm internationally.
For this reason, it was decided
that publishing s.175 guidance was
the best means of getting better
consistency and improving general
practice in earthquake geotechnical
engineering in New Zealand. This
decision followed consultations and
advice from practitioners and the
New Zealand Geotechnical Society
who advised that, with the exception
of some limited applications and
straightforward low-risk situations,
prescriptive ‘deemed to satisfy’
Verification Methods or Acceptable
Solutions are not able to address
complex issues requiring engineering
evaluation and judgement.
As guidance, the Modules
provide general principles using the
latest research knowledge so that
practitioners are aware of and focus
on key issues in the assessment,
rather than producing detailed
calculation methods, often available
in textbooks and journal publications.
Some worked examples have been
produced to provide more detail.
Guidance can also be updated
periodically more readily than
Verification Methods and Acceptable
to incorporate new advances in the
rapidly evolving field of earthquake
geotechnical engineering.
The building process can be
complex. There are numerous site
conditions, products, design methods
and building systems that can be used
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to carry out a construction project.
Sound engineering decision making
is required throughout the course of
the project to provide the client with
a robust outcome. This will include
specifying the type and scope of
field investigations and laboratory
testing of the soils appropriate
to the level of risk, interpretation
of soils and the site, modelling,
analysis and interpretation as well
as on-going monitoring throughout
construction to verify assumptions
made in the design. Good design
is not a ‘box ticking’ exercise. It is
difficult to address all these aspects
in prescriptive documents; sound and
experienced engineering judgement is
required throughout.

The power to issue guidance was
introduced into the 2004 Building
Act following the “leaky building
crisis”. Section 175 of the Building
Act enables the Chief Executive
of MBIE to develop and publish
guidance to assist all parties involved
to comply with the Act or perform
their functions under the Act. The
2002 Hunn investigation into the
‘leaky building crisis’ concluded
there had been systemic failure.
One factor was the inadequacy
of the Building Code and the
accompanying Acceptable
Solutions and Verification
Methods (Hunn 2002). The report
recommended the development
of “guidelines on the interpretation

of the Building Act and companion
documents to provide an educational
and reference document” and
that “It should provide guidance
on the interpretation of the Building
Code provisions for Objective,
Functional Requirement,
and Performance”.
Guidance is therefore now an
integral part of the Building Code
system. Following guidance does
not automatically mean acceptance
by the Building Consent Authority
when processing consent applications.
However, Section 175 Guidance
does have regulatory status and
BCAs can rely on it when making
reasonable ‘grounds decisions’ on
code compliance.

Artist impression of the Central Rail Link Auckland

We’re looking for groundbreaking geotechnical engineers
At Tonkin + Taylor, we believe we’re the best to work for, the best to work with and the best at what we do:
• A market leading environmental and engineering consultancy with a reputation for technical excellence
• Proudly New Zealand employee owned and operated
• A wide variety of work across a range of sectors
• Working alongside world-class experts with mentoring and coaching
• A positive, collaborative culture with an emphasis on building relationships, wellbeing and development.

Contact Dee Johnston, Talent Partner, on +64 4 806 4914 or email djohnston@tonkintaylor.co.nz
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ICSMGE 2021
is coming to Sydney

T

he Australian Geomechanics Society’s successful
bid to host the 20th International Conference on
Soil Mechanics and Geotechnical Engineering
means that premiere conference in geotechnics
will be held in Sydney, Australia, from 12 to 17
September 2021.
We can’t wait to welcome our profession’s best
and brightest minds from across the world to our
International Convention Centre (ICC Sydney) on the
stunning Sydney Harbour.
It’s an exciting time for our profession here in Sydney,
with major redevelopment projects using new and
innovative technology and techniques that will help to
shape the future of geotechnical engineering.

www.icsmge2021.org

Join us in the harbour city in September 2021 for a
Geotechnical Discovery Down Under!
Visit us at www.icsmge2021.org for more
information.

SEE YOU IN SYDNEY!

AGS ICSMGE 2021
Grant Application

T

he Australian Geomechanics Society (AGS) will offer a number of grants to assist individuals
who might require additional resources to attend the International Conference on Soil
Mechanics and Geotechnical Engineering in Sydney in 2021.

Application Requirements
• Applicants receiving a grant from the AGS Fund will not be eligible to receive a grant from the
ISSMGE Foundation and vice-versa.
• Applications are due by 1 December 2020.
• The Conference Local Organising Committee (LOC) and the AGS will determine the successful
applicants by the end of February 2021.
• The LOC has determined that the AGS National Funding will be used in the following areas:
- As a waiver or reduction of registration fees.
- As a waiver or partial waiver of local accommodation booking (in a designated ICSMGE
2021 hotel determined by the LOC).
• All applicants must demonstrate a willingness to fund their own travel if not residing in Sydney.

Successful Candidates
Successful candidates must agree to provide a summary report of approximately 500 words
including images (maximum two) for possible inclusion on the ICSMGE 2021 and AGS
website and for publicity purposes. This report must be delivered within four weeks of attending
the Conference.

Priority will be given to
• Applicants who have submitted an abstract (either a poster or oral presentation) for the
Conference.
• Applicants who can demonstrate that their economic status makes self-funding challenging or
impossible without such support.

To apply for the AGS ICSMGE 2021 Grant visit www.icsmge2021.org

www.icsmge2021.org
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The career path of the Geotechnical Practitioner –
From student to graduate, to professional and mentor.
A view on the role of the mentor
Contributed by Warwick Prebble
1. GEOTECHNICAL PRACTICE:
ADVICE AND GUIDANCE FOR
YOUNGER READERS ON THEIR
CAREER PATH: FROM STUDENT
TO GRADUATE, THROUGH
PROFESSIONAL TO MENTOR
THE EDITORS OF NZ Geomechanics
News and George Brink of Tonkin and
Taylor have developed an initiative to
provide a regular feature for younger
readers: a series of articles directed
towards those undergraduate and
graduate students who intend to
develop a career in geotechnical
practice – either as engineering
geologists or geotechnical engineers.
They suggest the name
“Geotechnical Practitioners” describes
the people of our profession and that
a sequence of four stages broadly
defines the career progression, from
Current student to Graduate to
Professional to Mentor.
The aim of these articles is to
provide our younger members with
advice and guidance about the
geotechnical profession, management
of their professional development
and progression towards their longerterm goals.
I have been asked to submit
an article on the topic of the
“Mentor” stage in the career of the
Geotechnical Practitioner.
2. BEING A MENTOR
I am delighted to accept the invitation
and feel very humble about the
opportunity to communicate with
you. A “mentor” is defined by the
Concise Oxford Dictionary as an
“experienced and trusted adviser”.
I am fortunate to have accumulated
ample and varied experience over the
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years, and I hope I have earned
your trust sufficiently to deserve
mentor status.
I am yet, and always will be, a
student. Throughout our career,
we learn from each other, from
personal experience and advance
our knowledge together, not in
isolation. It is a privilege to guide,
teach and advise current students
and graduates. Their questions and
assertions are both stimulating and
challenging. Together it is a rewarding
and exciting progression. Mentoring
is about two-way communication and
learning, to and from one another with
mutual respect, regardless of which
stage you are at in the seamless story
of your career.
At this point in time I am acutely
aware that you are all seriously
challenged by the consequences
of the Covid-19 pandemic. Many of
you could be suffering from stress,
disappointment, unemployment
and hardship. Economic contraction
(we hope not a collapse) and the
possibilities of clients pulling back,
diminishing fees and lack of job
opportunities for graduates are all
daunting prospects.
From a relatively “safe” position
in “semi-retirement”, I am hesitant
and sensitive about commenting
on the career of the Geotechnical
Practitioner and the mentor’s role at
this time, lest it be perceived merely
as a story of good fortune, from a
by-gone era.
However, even if that were so,
there are lessons to learn and new
opportunities to discover from the
past. These remain relevant in this
time of unprecedented, sudden,
world-wide change.

3. PREVIOUS EXPERIENCE AND
SERIOUS CHALLENGES
It is informative to review the
experience acquired from working
on large, complex infrastructure
projects, university research
programmes, other investigations
with colleagues in consultancies
and supervising graduate student
research theses. These endeavours
were engineering geological and geohazard investigations carried out over
many decades. All were intensely
interesting and rewarding with positive
outcomes. No project was straight
forward. Amongst them were serious
challenges, from adverse physical
conditions and construction failures.
There have also been challenging
times of dwindling work and
fewer jobs.
It is useful to reflect upon the
experience gained and the lessons
learned. These provided a rich
experience which led to reviewed
publications and case histories for
research-informed teaching.
From that arose further
opportunities for professional
development and mentoring. I would
like to enlarge upon these a little and
comment about how we might now
look after those people starting out
on their careers:
4. WHAT I LEARNED WHEN
I STARTED OUT.
There were no courses in engineering
geology in New Zealand when
I graduated with a 4 year BSc (Hons)
in Geology. Course options did not
exist. We studied the whole spectrum
of geology and did lots of hands-on
lab work and field exercises. In the
Honours year, reading the primary
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literature and attending seminars
with leading experts of the time
was constant and exciting. Graduate
classes were small and collaboration
and cooperation were the norm.
The Staff were leading international
scientists and very generous with
their time. They involved us with their
research. This gave us an excellent
education including a very useful
insight into the regional geology
of much of New Zealand, how to
map and interpret terrain, develop
geological and geomorphic models
and produce drawings and reports.
Many of us participated in leading
research of the time, in New Zealand
and Antarctica. We were included in
joint publications in journals such
as “Nature”
Hence we were well prepared as
geologists when we started out. I hold
the view that to be an effective and
well-trained engineering geologist,
you must first be a well-educated and
practical geologist.
5. WHAT WE DID NOT
REALISE THAT WE DID NOT
KNOW, BUT NEEDED, WAS A
BASIC UNDERSTANDING OF
ENGINEERING GEOLOGY,
HYDROGEOLOGY AND
GEOMECHANICS.
To correct this, during the mid1960s, many of us were sent to
be trained in engineering geology
and basic geo-mechanics and
hydrogeology in Australia. This was
done by secondment to the huge
Snowy Mountains Scheme and to
the Hydro-electric commission of
Tasmania and to the South Australia
mines department, engineering
geology and groundwater section.
This enlightening opportunity was
immensely valuable. I am ever
grateful for it and for the mentoring
received from our Australian peers
who were generous with their time
and expertise. For six months, I was
put to work on a variety of active
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construction sites and investigation
programmes. In many ways Australia
was a geotechnical leader in the
world at the time.It was a decisive and
formative practical experience.
For the current student and
graduates of today, in New Zealand
Universities, there are excellent
courses and graduate degrees in
Engineering Geology and aligned
subject areas. The programmes now
do provide training in hydrogeology
and geo-mechanics for geologists, not
so available back in the 1960s.
Those programmes do not replace
the need for a broad education in
the regional geology, tectonics and
geomorphology of the complex and
active plate boundary in Aoteoroa.
This underpins our knowledge
of the “Surficial geology” or the
complex upper “layers” and “zones”
of Quaternary age. These are the
“regolith, sediments, slope deposits,
young volcanics, coastal deposits” and
much more. They are very thick in
New Zealand and understanding them
is critical to successfully “engineer
with the Earth”.
6. LESSONS FROM FAILURES AND
UNEXPECTED ADVERSE GROUND
CONDITIONS
Several projects stand out. This is
not the place to digress into the
case history of any of these. I shall
summarise only a few, very briefly,
and then indicate how we overcame
the challenges and moved
successfully forward.
• 	Concrete gravity dam site in
closely fractured lava rock
tongue abandoned when
excavation exposed soft very
weak alluvium.
• 	Hydro power station and
penstocks site in residual clays
of highly altered and weathered
andesite lava and breccia, with
clay seams, flanking landslides
and very hot water seeps from
the geothermal field below.

• 	Tailrace canal line from the same
power station through clays,
silts and alluvium with
temperatures of 100 C at
proposed excavation invert level
above a geothermal aquifer.
• 	Tunnel collapses in hot swelling
clays of andesitic massifs and in
faulted, saturated alluvium and
clays in the ring plain deposits of
active andesite volcanoes.
• 	Large viaduct sites across deep,
steep-sided gorges in actively
uplifting Late Tertiary weak
mudstone and sandstones. Large
and complex active landslides
adjacent to the sites and beyond.
7. MEETING THESE CHALLENGES
AND MOVING FORWARD WITH
CONFIDENCE.
The challenges in all these examples
were investigated by engineering
geological mapping and aerial
photograph interpretation at the
regional scale, local scale and within
the sites in detail. This was essential
to provide the geological setting
and the local context for each site.
The mapping was enhanced and
extended with a range of geophysical
methods and /or construction logging.
Boreholes shafts and drives were
used to determine actual in situ
conditions. Geological models
were made.
8. THESE ACTIVITIES TOOK
PLACE UNDER THE UMBRELLA
OF COLLABORATION,
COOPERATION, MENTORING
AND DISCUSSION WITHIN THE
PROJECT TEAMS.
The involvement of outside experts
in geophysics, geothermal alteration
mineralogy and in drilling of
geothermal fields provided much
needed guidance and extended the
mentoring. Full scale dewatering trials
of the redesigned tailrace was able
to be made over several months.
Discussion and collaboration with the
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tunnelling contractors provided free
flow of information and strategy. The
dam site, and another linked to it,
were moved upstream and changed
to much smaller earth dams. In all
cases the information was shared
with the profession at conferences
and published either in refereed
international journals or refereed
proceedings and/or extended
abstracts. Doctoral student research
projects and post-doctoral research
teamwork was designed in the regions
around the sites and including the
site areas. This provided extended
discussion and mentoring for younger
geotechnical professionals and
advanced our understanding of the
engineering geological setting.
In each case, the role of mentoring
from senior people and between team
members was crucial to success.
9. LOOKING AFTER THOSE
STARTING THEIR CAREERS.
We were fortunate to enjoy advice,
experience and mentoring from senior
project geotechnical practitioners and
from each other.
The range and quality of the
project experience for new graduates,
which we all were at the outset, was
exceptional and one of constant
total immersion. The experience
and discussion was extended and
reviewed over the years through the
joint research projects, with a new
generation of younger graduates.
Sharing the experience through
collaborative research and publication
in the geotechnical community
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and building it into the teaching of
graduate university courses, research
theses and dissertations are all
parts of the mentoring process. This
transfers knowledge to younger
professionals and helps to advance
their career aspirations.
It does not necessarily need to
be confined to formal research and
teaching structures.
A spontaneous approach to
those of us who find ourselves in
a mentoring role with experience
to share is always welcome. We are
open to conversations and informal
meetings in a relaxed setting.
10. THE IMPORTANCE OF
PROFESSIONAL ETHICS.
The chartered membership of
Engineering New Zealand provides
younger professionals with another
dimension to aspire to for their
career. For all of us it gives structure
to our professional responsibilities
– and opportunities. As more of us
join the Professional Engineering
Geologist pathway, it will become
more embedded in the wider
community, which we are all part of.
It will become recognised and
“socialised”, if you like. Others of
us also bring parallel chartered
membership from other countries.
Chartered membership and
professional ethics define our service
to the whole community and help us
to reach our beyond our comfort zone
and “home” organisations to other
professions, industries, enterprises,
commercial and social endeavours……

We are dependent upon each other.
The present pandemic and looming
economic crises are the reality
of that.
It is easy to remain in our “silos”
but it is formative and rewarding
to venture beyond, thus creating
new links and opportunities, whilst
keeping our core practice discipline in
good shape.
11. SHAPING OUR FUTURE.
It is inspiring and reassuring to
witness, at first hand, the awesome
performance of young practitioners
(of all ages) within our Geotechnical
community. I stand in admiration of
the way in which you are tackling the
current unprecedented situation, with
your energy and professionalism.
I encourage you all to continue to:
• Reach out to each other
• 	Communicate, collaborate
and cooperate, with mutual
respect.
• 	Seek assistance with conference
presentations, abstracts and full
publications
• 	Have informal group discussions
and one to one , face to face
conversations
• 	Do not wait to be asked to
contribute ideas or to ask
for help
• 	All questions and suggestions are
valuable and welcome
• 	Give encouragement and help,
praise and recognition.
• 	Venture out to other areas
of society and see what we
can contribute.
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Understanding shoreline change and sea-level rise:
what it means for adaptation of coastal infrastructure
Ryan, E.J., Dickson, M.D., Bell, R.G., Hilton, M., Ford, M., Whittaker, C.,
Shand, T. and Wotherspoon, L.
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1. INTRODUCTION
Coastal communities globally face the unprecedented task
of adapting to elevated coastal hazard risk under changing
environmental conditions, including sea-level rise. Sea-level
rise will continue for centuries, and while the rate of future
sea-level rise is uncertain, there will undoubtedly be an
increase in the intensity of extreme erosion and flooding
events, and increasingly a succession of nuisance events.
The ‘gradual onset’ risk that results from the changing and
cumulative impact of long-term coastal hazards presents a
profound challenge for coastal communities, infrastructure
and local government. In New Zealand, sea level is
expected to rise, on average, between 0.55 and 1.3 m
over the next 100 years (MfE, 2017), depending on future
global emissions reduction and the response of polar ice
sheets. Despite uncertainties in the rate and extent of
future sea-level rise, it is clear that New Zealand’s risk
exposure of assets and natural coastal environments is
rapidly increasing as sea-level rise accelerates and a legacy
of poor coastal planning decisions takes effect, including
development of buildings and infrastructure on naturally
dynamic coastal margins. A national-scale screening
assessment of coastal flooding exposure (Bell et al., 2015)
highlighted that while a small proportion (0.6%) of New
Zealand’s land area is low-lying (within 3 m elevation of
spring high tides), these low-lying coastal areas account
for 6–7% of New Zealand’s building replacement costs and
at least $14 billion of local government assets, including
transport and three waters infrastructure. A recent
detailed assessment of storm-tide flooding has shown that
much of New Zealand’s risk occurs within the first metre
of sea-level rise, with 125,602 buildings and population of
177,646 potentially exposed to extreme storm-tide water
levels (at 1% annual exceedance probability or equivalent
to a 1/100 year event) (Paulik et al., 2020). This poses a
significant adaptation challenge: coastal managers and
infrastructure operators throughout New Zealand need
to grapple with how to plan for, and adapt to, changing
coastal hazard risk in different local contexts.
Despite updated guidance on coastal hazards and
climate change published by the Ministry for the
Environment in 2017 (MfE, 2017), councils across New
Zealand remain embedded in management practices and
options that focus on defending property/assets from
damaging events as well as responding to and cleaning-up
the effects of these events. This approach partly reflects
the demands of coastal communities, but will not be
sustainable in low-lying areas in the face of ongoing sealevel rise. Management practices have traditionally focused
on the recognition of coastal hazards, exemplified by the
designation of coastal hazard zones (and lines), rather
than planning on how land use should be progressively
June 2020 • NZ Geomechanics News

Photo: Different coastal adaptation approaches will be required in
different local contexts: Photo A) shows Port Waikato in 2015, before
the community building was completely removed (Credit: T. Shand);
Photo B) shows storm surge impacts on Wellington’s south coast
in June 2013 (Credit: D. Allen, NIWA). Photo C) shows a low-lying
exposed road on the Thames coastline (Credit: T. Shand).
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adapted to avoid coastal hazards. Even so, coastal councils
face institutional and funding challenges in implementing
more adaptive planning options, as illustrated recently for
the Hawke’s Bay coastal strategy (MfE and Hawke’s Bay
Regional Council partnership project, 2020).
Coastal erosion can be exacerbated by climate-change
effects, but there are multiple natural and human effects
that muddy efforts to understand the link between sealevel rise and shoreline change. In addition, councils
and infrastructure operators are limited by fragmented,
inconsistent baseline data about how shorelines
have changed in the past and are trending presently.
Around New Zealand, work on coastal change has been
undertaken on an ad-hoc basis, without a consistent
approach to data collection and analysis, sometimes
spanning timescales that are misaligned with hazard
planning and management goals. This means that despite
pressing need, local government remains poorly resourced
to implement data-driven coastal adaptation strategies in
the face of irreversible sea-level rise.
The Coastal Theme within the Resilience to Nature’s
Challenges National Science Challenge (“Resilience
Challenge”) aims to directly address this problem.
Established in 2015, the Resilience Challenge is one of New
Zealand’s 12 National Science Challenges. It tackles the big
questions about how to build resilience to natural hazards
including rare, high-impact hazards such as earthquakes,
volcanic eruptions and extreme weather events; but also
considers gradual-onset hazards, such as coastal erosion
and sea-level rise. In this article we introduce the ongoing
work within the Coastal Theme and highlight aspects of the
research that will be of most relevance to the New Zealand
Geotechnical Society, particularly for those working or with
interests, in the coastal environment that will be impacted
by relative sea-level rise1 and other climate-change effects
(e.g. waves, river flow, sediment supply).
2. OVERVIEW OF THE COASTAL THEME RESEARCH
The Coastal Theme within the Resilience Challenge is a
five-year project (2019–2024) that aims to develop and
implement new, nationally consistent approaches to tackle
NZ’s current and future coastal hazards and better enable
adaptation at the coast. The Coastal Theme forms part of
the second funding round of the Resilience Challenge and
builds on research completed in the ‘Living at the Edge’
project (2016-2019) as part of the first Resilience Challenge
funding round. The ‘Living at the Edge’ project was focused
on building resilience to coastal hazards in a local/regional
setting in New Zealand (Hawke’s Bay). The Coastal Theme
now aims to expand the knowledge gained to national
1 Including local and regional vertical land movement
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scale and engage with stakeholders around the country
in developing new approaches to coastal adaptation. The
Coastal Theme comprises three complementary research
‘Pillars’, each of which will generate new science to support
hazard identification, risk assessment and enable more
effective coastal adaptation.
The three pillars of research are:
• One: NZ’s Changing Coastline
• To explore how New Zealand’s coastline has
changed over the past 70 years and what this
means for future coastal change projections.
• Two: Coastal Flooding
• To better understand and model New Zealand’s
coastal flood hazards, particularly in estuarine
systems
• Three: Enabling Proactive Coastal Adaptation
• To generate new nationally consistent methods,
frameworks and tools for coastal adaptation and
vulnerability/risk assessments
Together, the three research pillars will: map past and
present physical changes in New Zealand’s coastline
(erosion/accretion/stability); determine current and
future changes in coastal flooding risk in low-lying areas
and estuaries; identify hotspots of coastal risk exposure
around New Zealand; and develop consistent, proactive
national approaches for understanding past and future
coastal change and assessing coastal hazard exposure
and vulnerability. Importantly, these new approaches
and datasets will be nationally consistent as befits the
“new normal” of changing risk associated with ongoing
sea-level rise. A new suite of coastal hazard adaptation
methodologies and adaptive planning options and economic
evaluation tools will be developed that are locally suited,
cost-effective, and can be practicably implemented. These
will be delivered through improved national guidance
and codes of practice that management agencies and
practitioner groups can use to address the pressing coastal
adaptation challenge. Collectively, these outputs will provide
the scientific data, insight and enablers necessary to inform
a coastal hazard management strategy for New Zealand
for the next 50-100 years and beyond. Next, we highlight
three examples of research ongoing in Pillars 1 and 3 of the
Resilience Challenge Coastal Theme.
3. TRANSFORMING NEW ZEALAND’S COASTAL
CHANGE DETECTION
Limitations with existing data collection practices make it
difficult for scientists and coastal managers to understand
patterns and drivers of coastal change around New
Zealand and implement relevant management options.
NZ Geomechanics News • June 2020
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Photo: Very high resolution (30-50 cm) satellite imagery used to determine rates of shoreline change around NZ. Example shows 50 m of coastal
erosion near Westport Airport between 2005 and 2020.

Research in Pillar 1 will fundamentally change the way
that past, present and future coastal change is detected
and understood in New Zealand. We are developing and
applying cutting-edge remote sensing and geospatial
tools to transform our understanding of past and present
coastal change and provide the scientific datasets
necessary for future-casting physical coastal change. This
section provides an overview of our approach and current
methodology and presents insights into future research
outcomes.
In 2019 we engaged with LINZ and began a programme
to compile historical, mapping-quality, aerial photographs
of New Zealand’s coast. Detailed and consistent protocols
for image acquisition, georectification, and shoreline
mapping have been developed with the overall goal of
producing a nation-wide database of historical shoreline
June 2020 • NZ Geomechanics News

data for open-coast soft sedimentary beaches (>50 m
in length). In addition to the historical imagery data, we
are making use of recent advances in Earth Observation
(EO) satellite imagery that provides new opportunities
to transform the way coastal change is assessed. The
proliferation of commercial and government EO satellites
provides opportunities to examine coastal change at
spatial and temporal scales previously inaccessible to
researchers. We are developing new geospatial methods
within a cloud computing framework for detecting and
analysing high-frequency coastal change over the past
twenty years using imagery from Landsat and Sentinel
2 satellites, along with commercial satellites. Machinelearning and edge detection algorithms will be used to
statistically determine the shoreline and map nationalscale coastal change.
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Photo: The response and recovery of coasts eroded during storm events depends in large part on the response of dune vegetation to the event
and the ability of plants to recolonise the post-storm landscape (St Clair Beach, Dunedin, 18th August 2019).

After developing rates, styles and magnitudes of
historical and recent shoreline change across the country,
erosion and accretion hotspots will be identified. The
relative contributions of different drivers of change to
these observed shoreline changes will be explored. This
is a key question for underpinning future projections of
shoreline change and for making informed management
decisions. Pillar One involves six researchers from
across the country and three PhD projects (two at the
University of Auckland and one at the University of
Otago). Ultimately, we aim to fundamentally transform
NZ’s shoreline change detection from small-scale, sporadic
and manual monitoring to national-scale, semi-automated
analyses in near real time. This means that councils around
New Zealand will have access to consistent, up-to-date
shoreline change data that can be meaningfully used in
decision making around management and adaptation
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options. Datasets produced will also facilitate new
research into understanding the multiple drivers of
shoreline change (e.g. distinguishing the effects of human
modification of the environment, natural changes in
sediment supply, sea-level change and changes in
coastal vegetation).
Coastal vegetation has been largely ignored in past
analyses of shoreline dynamics and future change models.
Coastal foredunes, the dune immediately behind sandy
beaches, exist because of the sand-trapping function of
a few plant species, and the future evolution of these
dunes depends on the response of vegetation to increased
scarping, inundation, erosion and burial. This work has
commenced with a consideration of how foredunes have
responded to the widespread establishment of marram
grass, which at many sites in southern New Zealand has
resulted in coastal progradation and foredune accretion.
NZ Geomechanics News • June 2020
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How will such foredunes respond to climate change
pressures compared to native species – p ngao and
spinifex – which are more widespread in northern New
Zealand? Will foredunes roll back into the hinterland,
remain in place but be progressively scarped and eroded
(to the point of total loss); or evolve in some other way?
Key to this work is understanding how these three plant
species trap sand; understanding the morphodynamics
of different types of foredune; and determining how they
may release sand under different disturbance regimes.
The goal is to identify the biogeomorphic processes
that determine the shape and dynamics of foredunes,
and to model the response of foredunes to degrees of
vegetation disturbance. This work will integrate with the
work streams described above by providing estimates of
the future response of different classes of sandy coast to
environmental disturbance.
4. ADAPTATION OF COASTAL INFRASTRUCTURE
Just over 1% of New Zealand’s road (1414 km) and rail
(87 km) networks are exposed to present-day storm-tide
and wave flooding, with further exposure of around
145 km of road per 0.1 m increment of the first metre of
sea-level rise (Paulik et al., 2020). This poses an emerging
challenge for central government transport agencies. Many
local roads, which are managed by local government and
provide vital connections to coastal communities, are also
exposed to coastal hazard risk. Coastal roads are often
co-located with other infrastructure networks, and in
many local communities, coastal roads provide a buffer
for the communities directly behind them. Structures
intended to protect coastal infrastructure from hazards,
including coastal erosion and inundation (such as sea walls,
revetments, etc), are typically designed for specific and
rare ‘extreme’ events, but their performance over time
under gradual-onset coastal hazards associated with the
uncertain rate of sea-level rise is less well understood. As
part of Pillar 3 of the Coastal Theme, together with the
Built Environment Theme of the Resilience Challenge,
researchers and coastal engineers from the University
of Auckland and NIWA are exploring new and adaptive
approaches that can be applied to coastal infrastructure in
New Zealand, focusing on coastal roads.
The MfE Coastal Guidance (MfE, 2017) outlines a
dynamic adaptive pathways planning (DAPP) approach
that has gained momentum in climate change adaptation
research and has value in decision making under
uncertainty (such as the uncertainties inherent in planning
for sea-level rise). Our research will explore how the DAPP
approach can be applied to coastal infrastructure in New
Zealand. In particular, we seek to answer the question: are
there innovative or versatile ways of adapting networks
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and infrastructure in the “middle-ground” between full
structural coastal protection and managed retreat?
Such innovations may include versatile staged designs,
retrofit of existing assets, shorter design life, and longerterm sequencing towards managed retreat, taking into
account potential path dependency (maladaptation). For
instance, a decision to protect the coast using a relatively
inflexible structure such as a seawall is likely to affect
the coastal environment, for example enhancing loss of
beach material due to enhanced reflections from the
structure. However, the significant investment required for
such structures may result in the paradoxical outcome of
enhancing development in at-risk coastal areas, to provide
an ongoing economic justification for the defence works.
This is likely to limit the ability of the community to adapt
to future coastal changes such as shoreline retreat or
coastal flooding. Given the interaction between the coast
and different aspects of the built environment, design
approaches will require collaboration across the breadth
of civil engineering and coastal science disciplines.
Researchers from the University of Auckland and NIWA
will work with a PhD research student to explore damage
modes for coastal structures and emerging methods for
condition assessment, maintenance, repair and upgrade/
retrofit techniques. A series of wave flume tests will
identify progressive damage states and options for
intervention to enhance coastal resilience. Options will
be identified to upgrade, repair or retrofit to extend
the life of these structures without having to replace or
abandon the assets. The results will be incorporated into
probability-based adaptive design guidance, whereby the
increasing likelihood of damaging storms is considered
along with techniques to monitor the condition of
structures against pre-agreed early signal and trigger
thresholds to determine optimal times for adaptation and
the various pathways (short-term actions and long-term
options) that remain available to provide tolerable levels
of service.
The Coastal Theme recognises a need to take a
wider systems approach to how adaptation of coastal
infrastructure connects with or leads the transition of
coastal communities, iwi/hap , businesses and the primary
sector in the face of ongoing rising seas. The recent
COVID-19 crisis has shown that New Zealand communities
have the potential to adapt to challenging conditions,
where standard solutions are not possible. It is inevitable
that sea-level rise will increase the severity of coastal
hazards, and we know that new adaptation solutions
will be needed. Perhaps there will be learnings from the
current need for businesses and communities to adapt
to a challenging and evolving situation that can in time be
applied to the coastal context.
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Photo: Waterview Causeway, North-western motorway
in Auckland on 23 January 2011 during a storm high tide.
Photo credit: Auckland Motorway Alliance.

5. CONCLUSION
Sea-level rise and associated changes in coastal erosion
and flooding hazards present a significant challenge
for New Zealand that requires new, innovative and
adaptive management and infrastructure approaches.
Through the Coastal Theme within the ‘Resilience to
Nature’s Challenges’ National Science Challenge, coastal
researchers across New Zealand are working together and
engaging with coastal managers, local government, industry,
infrastructure operators, communities and tangata whenua
to develop and implement new approaches to tackle the
ongoing coastal adaptation challenge. In this article we
have highlighted two ongoing projects within the Coastal
Theme that will advance our understanding of past,
present and future coastal change, and what this means
for the provision and management of coastal infrastructure
at risk.
If you are interested in finding out more about this
research or the Resilience Challenge, or would like to
receive research updates, please contact Emma Ryan
by email (e.ryan@auckland.ac.nz) or visit our website
(www.resiliencechallenge.nz).
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Figure: A 1:10 scale model of Tamaki Drive being tested under
conditions replicating ex-tropical cyclone Ita, which occurred in 2014,
with severe overtopping occurring, as was observed on site.
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Converting Hoek-Brown strength envelope to Mohr Coulomb
Originally Published on LinkedIn, 11 January 2015.
Republished by permission of the author.

The Generalised Hoek-Brown (GHB) criterion is likely to
be, in one form or another, the most widely used rock mass
strength criterion in geotechnical engineering practice,
despite its semi-empirical nature or any other limitation.
Perhaps the main reason is that, if used correctly, it should
generally provide a safe assessment of rock mass strength
due to its inherent assumptions and limitations.
One of its main advantages is that it captures the
intuitive non-linear strength of rock masses. Well, if both
intact rock and discontinuities are non-linear, we could not
expect anything different for the rock mass.
In the past, not many computer codes or analysis
methods had the GHB criterion implemented. Therefore,
the need to convert the non-linear GHB strength envelope
to an equivalent linear Mohr-Coulomb (MC) was quite

David Oliveira
Technical Director and
Global Subject Matter
Expert - Hard Rock
Tunnelling at Jacobs
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common. Nowadays, it is different and the majority of
computer programs have the GHB criterion implemented
to some extent. As a result, this would seem unnecessary
today. In fact one could risk making the wrong conversion,
and assuming that the GHB is more realistic, obtain an
unsafe assessment.
For one reason or another, one could still need or
want to obtain MC parameters, for example, simplicity, an
analytical procedure only developed for MC or any other
reason. There is no problem in doing so. However, due to
the non-linearity it is important that the engineer select
an appropriate stress range which is representative of the
failure mechanism under assessment.
In making such a conversion, it is very common for
geotechnical engineers to use the (now discontinued)
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Figure 2: Mohr-Coulomb fit.

Figure 1: Extract from RocLab input.

program RocLab from Rocscience. The main two reasons
perhaps are: (1) convenience due to its nice user-friendly
interface, and (2) the research and theoretical background
with involvement of Prof. Evert Hoek.
RocLab offers options to convert the GHB criterion to
an MC for different applications: tunnels, slopes, general
and a custom option. For example, in a slope “application”,
RocLab only requests the rock unit weight and the slope
height (obviously in addition to the GHB parameters)
which confirms its convenience.
Figure 1 below depicts an example of a hypothetical 10m
rock slope and rock strength. It presents the data entered
in RocLab and the resulting MC fit with friction angle
phi=37º and cohesion c = 59 kPa.
The above best-fit was performed by RocLab over
a confining stress range of 0 to 214 kPa (i.e. sig3max of
Figure 1). This confinement is equivalent to a normal stress
along the failure plane of approximately 420 kPa. The bestfit depicted in Figure 2 below shows a good agreement
June 2020 • NZ Geomechanics News

Figure 3: Rock slope example.

except for normal stress below 80 kPa resulting in an
expected overestimation of cohesion (always).
The question that I now post, and would like you to
answer in your mind before reading what follows is: As
we selected “slope application” in RocLab, would you
expect the above MC fit to be valid for any rock slope
assessments where the height is 10m and the rock strength
is reasonably represented by that given in Figure 1?
OK, let’s look at a hypothetical example. For instance,
let’s assume a hypothetical 10m high slope with a flat
bench and batter angle of 70%. There are concerns about
potential planar failure at 55º corresponding to the dip
angle of one set of discontinuities. The discontinuities are
not fully persistent (or have rock bridges), so that we are
comfortable to adopt the GHB strength envelope of Fig.1
and plotted in Figure 2.
This problem could be easily calculated by hand but
for convenience I will use RocPlane program also from
Rocscience. The resulting wedge is depicted in Figure 3.
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Figure 4: Custom Mohr-Coulomb fit (130 kPa normal).

Figure 5: Relationship for the calculation of Sig3max between
equivalent Mohr–Coulomb and Hoek–Brown parameters for steep
slopes - beta>45º (after Li et al. 2008).

If we use the GHB criterion in RocPlane, we obtain a
factor of safety FS=1.91 that, for comparison purposes, we
will assume to be the “true” FS.
If we now adopt the RocLab best fit for a “10m high slope”
application, with phi=37º and c=59kPa, we obtain a FS=2.3, i.e.
worryingly 20% higher than the “true” value. Why?
Well, from Figure 3 above it is evident that such rock
wedge near the free rock slope face could never be under
the maximum confinement of 214 kPa assumed in RocLab
(sig3max). Therefore, the maximum normal stress is not
420 kPa either. In fact, if we look at the deepest point of
the failure plane below the slope crest, we observe that
the maximum normal stress would be about 130 kPa (i.e.
5m of rock), at best, but varying to zero at both ends of
the wedge. If we now change the RocLab from a “slope
application” (although true) to a “custom” application, and
request a best-fit from 0 to 130 kPa normal stress (about
125 kPa confinement) we now obtain phi=45º and c=33kPa,
as shown in Figure 4 below.
With the latter parameters (i.e. phi=45º and c=33kPa), the
RocPlane factor of safety becomes FS=1.82. In other words,
such stress range provides a slightly conservative assessment
compared to the “true” value, despite the higher cohesion.
This is caused by the underestimation of the strength for the
average normal stress along the failure plane.
The interesting paper by Li et al (2008) in fact
demonstrated that the RocLab equation for estimating
Sig3max is quite inaccurate for steep slopes with batter
angle greater than 45º (see Figure 5 below - dotted line).
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If we use Li et al (2008) proposed equation (given in
Figure 5 as solid line), the estimated sig3max is in fact
46.8 kPa which is equivalent to approximately 120 kPa
normal stress along the failure plane, i.e. very close to the
rough estimate above.
We could also estimate the average normal stress along
the failure plane by taking the normal component of the
self-weight, shown to be approximately 25t/m in Fig.3.
Dividing 25t/m over the failure plane length (about 12m)
we get an average normal stress of 20 kPa, i.e. well below
the 420 kPa.

Figure 6: Custom Mohr-Coulomb fit (20 kPa normal).
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If we now request a best-fit from 0 to 20 kPa normal
stress (basically only 3 kPa confinement) we obtain
phi=60º and c=20kPa. Note in Figure 6 below that the
cohesion now matches that of the GHB. With these
parameters, RocPlane now gives a FS=1.89, practically
the same as the “true” value which had also assumed an
average normal stress.
The above example illustrates the importance of
adopting appropriate stress ranges for converting a GHB
envelope to MC. Despite the convenience provided by
RocLab and the false impression that a slope application
would be appropriate in this case, it is important that we
look at the particular failure mechanism under analysis.
If one attempts to understand the source of the RocLab
conversion for slopes, he/she would realize that is was
developed for “Bishop’s circular failure analysis”, which is
not the case above.
An appropriate stress range is equally important when

deciding on lab testing where confinement or normal
stress is applied.
In summary, it is possible to convert to a MC envelope
with reasonable agreement to the GHB criterion and
obtain negligible difference. However, it is also evident that
adopting a non-linear strength may avoid significant work
to adjust the stress range when several geometry cases
or different mechanisms are under analysis. Therefore, it
saves time/money and reduces the risks of one selecting
an inappropriate stress range.
REFERENCE
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Professional Engineering Geologist – Body of Knowledge
and Skills
1. INTRODUCTION
This document defines the core knowledge and skills
that a Professional Engineering Geologist (PEngGeol) is
expected to have in order to competently investigate,
analyse and communicate complex engineering geological
issues which may arise as the result of the interaction
between geology and the construction of engineering
works, as well as to assess geological hazards and
develop measures for mitigating them, in New Zealand.
This Body of Knowledge and Skills (BOKS) is intended
to complement and inform the Professional Engineering
Geologist assessment process.
The purpose of this BOKS is to:
• Define the prerequisite skills and knowledge that are
required of a PEngGeol;
• Provide a framework for Continuing Professional
Development (CPD) and postgraduate training.
This BOKS has two key parts:
• The knowledge and skills are listed in the table
in section 3. The list is comprehensive, but not
exhaustive.
• The types of complex engineering geological problems
and activities that a PEngGeol should be able to carry
out are listed in section 4.
A PEngGeol is not expected to have all of the listed
knowledge and skills. Rather they will have a broad range
of them and in particular those relevant to their practice
area. The knowledge and skills will be to a level sufficient
to competently carry out the listed engineering geological
problems and activities.
Care should be taken when comparing this BOKS
to the BOKS for a Chartered Professional Engineer
(Geotechnical). This BOKS relates to PEngGeol
competence standard, whereas the CPEng (Geotechnical)
BOKS relates to the specialist field of geotechnical
engineering in the context of the CPEng competence
standard, which applies to all areas and disciplines in
engineering.
2. BACKGROUND
Engineering New Zealand expects all Professional
Engineering Geologists to:
• Have a geology degree at honours level or a
postgraduate qualification in engineering geology, or
be able to demonstrate equivalent knowledge
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• Demonstrate they can assess the nature of the
ground in activities requiring specialist and in-depth
engineering geological knowledge
• Demonstrate they can work closely with other
engineering professionals to solve (identify, investigate,
assess and communicate) complex engineering
geological problems.
• Demonstrate they can work closely with other
engineering professionals to convey engineering
geological context.
Engineering New Zealand gives sets out these
expectations in a competence standard(2), which
requires every Professional Engineering Geologist
to demonstrate competence in their Practice Area.
Competence for PEngGeol focuses on engineering
geology practice and analysing complex engineering
geological problems to inform land use policy, assessment
and specific engineering solutions. The applicant needs
to demonstrate that they have the ability, commitment,
knowledge and skills to act effectively in each of
these situations.
Engineering geologists wishing to register as PEngGeol
are expected to demonstrate a breadth of knowledge and
skills (refer Section 3) that they are able to apply in a range
of situations and localities (refer Section 4). The PEngGeol
competence standard comprises twelve elements grouped
into four competence areas:
1) Engineering geological knowledge
2) Professional acumen
3) Managing engineering geological work
4) Analysing technical problems
Areas 1 and 4 can be considered the knowledge and skills
required by a PEngGeol that distinguish them from those
of other Chartered Professional Engineers, although
it is acknowledged there is some overlap with CPEng
(Geotechnical). Guidance on how Engineering
New Zealand defines complexity is given below:
Complex engineering geological activities means
activities or projects that have some or all of the
following characteristics:
a.) 	Diverse resources, e.g. people, money, equipment,
materials and technologies;
b.)	Recognising, understanding and resolving significant
problems when wide-ranging or conflicting
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engineering, engineering geology and/or other
related issues defined by ground conditions interact;
c.) 	New techniques or processes, or the innovative use
of existing techniques or processes.
Complex engineering geological problems means
problems that have some or all of the following
characteristics:
a.) 	Wide-ranging or conflicting technical or engineering
issues;
b.)	Not easily recognised, understood or resolved
without in-depth engineering geological knowledge;
c.) Issues infrequently encountered, in an unfamiliar
geological setting or requiring an original method of
assessment;
d.) Outside practice covered by guidelines, standards
and codes of practice for professional engineering
geology;
e.) Involvement of diverse groups of stakeholders with a
wide range of needs;
f.) Significant consequences in a range of contexts.
Applicants for PEngGeol need to demonstrate their
competence for independent practice against the
competence standard for their area of expertise. An
application typically includes five stages: preparation,
validation, evaluation, recommendation and decision. The
evidence that is submitted with the application includes
their engineering geology qualification, work records,
learning records (CPD), referees, Practice Field(s),
a description of the Practice Area and a self-review
demonstrating competence against the Assessment
Criteria. The evaluation includes an interactive assessment
including a Lead Assessor and a Practice Area Assessor.
They make a recommendation to the Competency
Assessment Board which makes a decision regarding
the application. There may be a requirement for future
reassessment at a pre-defined interval.
3. KNOWLEDGE AND SKILLS
In looking to establish a set of knowledge and skills for a
PEngGeol, NZGS has defined the knowledge and skills
required in order to deliver engineering geology outcomes
for the different phases of a project. For a typical
engineering/engineering geological project this may be:

a.)	Scoping of Engineering Geological input to issues /
problem / project;
b.) Review of existing data;
c.) Site or route selection;
d.)	Establishment of an initial geological and engineering
ground model and assessment of the engineering
geological issues that need to be addressed in a
project;
e.)	Development of engineering geological investigation
programmes focussed on addressing these issues;
f.)	Performance of engineering geological mapping,
geotechnical field investigations and laboratory
studies;
g.) 	Interpretation of geological, geomorphological and
hydrogeological conditions and hazards;
h.)	Refinement of initial ground model and clear
communication of the significance of geological
conditions and hazards to other engineering
disciplines and related professionals involved in the
project;
i.)	Development of recommendations related to design,
mitigation and construction;
j.)	Preparation of engineering geological reports;
k.)	Documentation of the geological, geomorphological
and hydrogeological conditions and hazards
encountered during construction, and interpretation
of the implications of those conditions for design or
construction progression;
l.)	Supervision, inspection and sign-off of the geological,
geomorphological and hydrogeological aspects of
construction, post-construction and site monitoring;
m.)	Awareness and use of key technical documentation,
guidance and standards;
n.)	Understanding of key building, environmental,
resource management and health and safety
regulations.
It is recognised that there is some capability overlap
with other engineering professionals, in particular with
geotechnical engineers. Many projects require the input
of an experienced geotechnical engineer due to the type
and complexity of the problem and the design issue being
addressed.
The following table lists the core capabilities expected
of a PEngGeol.

1 https://www.engineeringnz.org/resources/rules-and-regulations/ refer to Election or Transfer to Membership Classes Regulations
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Project phase

A PEngGeol should be able to :

a)	Scope engineering
geological input
b) Data review
c) Site and route selection
d)	Establishment of initial ground
model and assessment of
engineering geological issues

i.	Understand the need for the project;
ii.	Perform literature searches and site history analyses (including geology/geomorphology maps,
hazard maps, aerial photographs, satellite imagery, site usage, council files, New Zealand
Geotechnical Database, etc.) related to regional and site surface and subsurface geological and
hydrogeological conditions;
iii.	Review preliminary project concept design plans to evaluate potential impacts from geological
conditions;
iv.
Undertake or direct a walk over survey, conduct and clearly document field mapping;
v.	Demonstrate a good understanding of how geology and geomorphology provide evidence
of the site conditions and help identify geological and geotechnical issues that need to be
considered in the design process;
vi.	Identify constraints, gaps in understanding and potentially significant geotechnical issues and
their associated risks;
vii. Evaluate potential design options;
viii.	Develop and document a conceptual ground model showing existing subsurface conditions and
hazards that have the potential to impact the proposed development;
ix. Screen sites based on this evidence.
x.	Collaborate with other project stakeholders to integrate engineering geological elements into
assessing the feasibility of the whole construction
xi.	Communicate potential engineering geological risks and options that may impact the design
with clients and other stakeholders

e)	Development of site
investigation programmes

i.	Communicate with other engineering professionals to determine the required engineering
geological input and the scope of the information needs
ii.	Contribute to planning the scope and locations for ground investigation, field testing,
instrumentation, sample collection and laboratory testing programmes with appropriate
consideration of the benefits and limitations of each investigation, field test, sampling and
laboratory test method and the site constraints, including buried/overhead services and
existing structures/building.
iii.	Specify the scope and engagement of site investigation contractors, in consideration of the
potential risks, the nature of the project and the client’s budget
iv.	Consider regulatory and consent requirements for site investigation, monitoring and reporting;
v.	Direct and/or modify ground investigation programmes, as required, upon evaluation of the
conditions encountered during investigation with respect to the conceptual ground model and
changing design requirements.

f)	Performance of geological
mapping, geotechnical field and
laboratory studies

i.	Stereoscopic analysis and interpretation of remote sensing data (e.g. LIDAR, UAV, aerial
photographs, satellite /imagery – including stereopairs);
ii.	Map geomorphology, lithology, geological structures (including defects, faults/shears and slope
instability features), geohazards and hydrogeological features;
iii.	Log geological, hydrogeological and engineering properties of rock, soil and water in
investigation borings, wells and excavations in accordance with New Zealand practice in a
manner that considers the desired end use of the data;
iv.	Direct and/or employ field penetrometer techniques (SPT, CPT, DCPT) to investigate
subsurface conditions and obtain geological and engineering properties of soil;
v.
Direct and/or perform rock, soil and groundwater sampling for laboratory testing;
vi.	Direct and/or employ field geophysical techniques to investigate subsurface conditions and
obtain geological and engineering properties of rock and soil;
vii.	Direct and/or perform routine field and laboratory tests for many of the following:
a.
soil and rock mass classification
b. soil and rock strength and stiffness
c.
clay mineralogy
d. hydraulic conductivity
e. expansion properties
f.
consolidation characteristics
g.
compaction characteristics
h. material acceptability for use as aggregate, fill or armour
i.	special properties such as the potential for soil collapse or expansion, dispersion, slaking,
erosion potential and liquefaction potential
j.
special conditions such as acid sulphate soils and acid rock drainage
k. pavement sub-grade/aggregate qualities
l.
excavatability
m. durability
viii. Direct or perform the installation and monitoring of field instrumentation (e.g. groundwater,
slope movements, settlement).
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A PEngGeol should be able to :

g)	Interpretation of geological
conditions and hazards
h)	Refinement and communication
of ground model

i.	Determine geomorphology, geological structure, hazards (such as landslide, earthquake/fault
activity and active volcanism) and hydrogeology of the site from literature reviews, mapping,
geophysics and/or subsurface investigations;
ii.	Prepare engineering geological maps, cross-sections and/or 3-D ground models to depict
surface and subsurface conditions (rock, soil and groundwater) based on observations and
interpretations from mapping, geophysics and subsurface investigations;
iii.	Determine geotechnical risk associated with geological hazards (in particular slope instability
and earthquakes)
iv.	Interpret the results of laboratory testing to determine relevant physical, mechanical and
chemical properties of rock, soil and water;
v.	Calculate geotechnical behaviour and associated risk, in response to natural and man-made
processes (e.g. settlement, erosion, subsidence, liquefaction, slope failure, eruption blanket)
specific to the geological conditions of the region;
vi.	Assess the impact of ground response on the existing environment, including adjacent
properties;
vii. Characterise site subsoil class in terms of seismic response;
viii. Determine groundwater gradient and flow direction;
ix.	Identify materials that may be detrimental to projects and/or human health (e.g. asbestos,
methane, contaminants);
x.
Estimate earthwork shrinkage and bulking factors.
xi.	Demonstrate an understanding of the consequences of hazards for other engineering
disciplines.
xii.	Effectively and clearly communicate the significance of any hazards found to other engineering
disciplines and/or the client on the project

i)	Recommendations for design,
mitigation and construction

Assess, develop or contribute to design, mitigation and construction solutions, ensuring the
engineering geological factors are addressed over a range of designs such as:i.
Conceptual retaining wall design;
ii.
Remedial design for slope instability hazards;
iii. Conceptual earthworks design;
iv.
Conceptual debris barrier/rockfall protection system design;
v.
Conceptual seawall design;
vi. Infrastructure corridor assessments (e.g. pipeline, road, rail, etc.)
vii. Subsurface drainage system design;
viii. Design plans and mitigation of hazard associated with geothermal activity
ix. Response plans for encountering contaminated soil and groundwater during construction;
x.
Ground response to seismic activity;
xi.	Setback distances of proposed structures from known active faults and cliff/slope crests and
toes;
xii. Mitigation plans for potentially soft, compressible and/or liquefiable soils;
xiii. Selection or contribution to selection of trigger criteria and response actions for monitoring;
xiv. Plans for sediment and erosion control;
xv.	Plans for pre-, during and post-construction monitoring (e.g. ground movement, groundwater,
slope instability, settlement monitoring);
xvi.	Different engineering geological aspects of design solutions with recommendations for a
preferred option;
xvii. Design of construction sequencing and inspection schedule;
xviii.	Design documentation, design features reports, including for “safety in design” and relevant
construction specifications;

j)	Preparation of engineering
geological reports

Be able to demonstrate experience in most of the following:
i.
Prepare appropriate maps, plans, drillhole logs, in-situ and laboratory test results;
ii.
Prepare 3D ground models appropriate to the engineering task;
iii. Document laboratory and field testing results, instrumentation and observations;
iv.	Prepare written factual, baseline and interpretive reports which present ground model and
findings
v.
Present to and interpret these reports for the clients;
vi.	Interpret and verify the engineering geological aspects of factual and interpretative
geotechnical reports prepared by others;
vii.	Quantify and document geotechnical and geological uncertainties on a systematic basis and
incorporate these into the design and risk assessment process;
viii.	Demonstrate judgement as to the key risks and mitigation strategies and an awareness of
current risk guidance and standards.
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Project phase

A PEngGeol should be able to :

k)	Documentation of encountered
conditions and implications
l)	Supervision and inspection
of construction, post
construction and site monitoring

Be able to demonstrate experience of most of the following:
i.
Monitor field instrumentation and assess against trigger criteria;
ii.	Perform or supervise geotechnical testing and observe site construction such as for
foundations, earthworks, retaining walls and trench excavation;
iii.	Document geological and groundwater conditions encountered during construction and refine
the ground model;
iv.	Assess, record and communicate unforeseen geological and groundwater conditions during
construction;
v.	Evaluate geotechnical performance during construction, based on observations and field
instrumentation;
vi.	Evaluate ground related distress associated with, for example, slope, foundation and/or
retaining wall distress or failure;
vii.	Be familiar with geotechnical construction plant and machinery and its strengths and
limitations;
viii.	Guide engineering geological aspects of the construction to confirm it complies with the
drawings and specifications and expected quality standards, and alert designers if it does not;
ix.	Draft any variations to engineering geological aspects of the design as required to mitigate nonconforming work;
x.	Keep records of all observations, contract variations and site instructions as they pertain to
geological matters;
xi.	Identify and/or respond identification of presence of contaminants in soils;
xii. Respond to sediment run-off and erosion;
xiii.	Prepare post-construction reports in accordance with regulatory and contractual requirements.

m)	Awareness and use of key
technical documentation,
guidance and standards

Demonstrate detailed knowledge of NZGS Field Description of Soil and Rock Description guideline.
Demonstrate a broad familiarity with the Building Act, the New Zealand Building Code, its core cited
design actions and materials standards and other important guidelines and standards such as
(but not limited to):
i.
AS/NZS 1170 Structural Design Actions, in particular hazard criteria in 1170.5;
ii.
NZS 3604 Timber Framed Buildings (i.e. ‘good ground’);
iii. NZS 4402 Methods of testing soils for civil engineering purposes;
iv.	Awareness of international key standards and guidelines for rock sample testing and in-situ
testing etc;
v.
NZS 4431 Code of Practice for Earth Fill for Residential Development;
vi. NZGS/MBIE Earthquake Geotechnical Engineering guidance modules;
vii. NZGS guidelines such as NZ Ground Investigation Specification;
viii. MBIE guidance documents and practice advisories;
ix. NZTA Bridge Manual;
x.
NZTA Risk Management Process Manual;
xi. Relevant IPENZ Practice notes and guidelines;
xii. Design Features Report templates;
xiii. AGS “Guideline for Landslide Susceptibility, Hazard and Risk Zoning for Land Use Planning”;
xiv. AS1726 Geotechnical Site Investigations;
xv. ISO 31001 Risk management — Risk assessment techniques;
xvi. TNZ M/04:2006 Specification for basecourse aggregate;
xvii. Technical guidance published by the relevant Territorial Authority.

n)	Understanding of building,
environmental, resource and
health and safety regulations

Demonstrate a good working knowledge and understanding of the:
i.
Building Act, Regulations and Building Code;
ii.
Health and Safety at Work Act (2015);
iii. Historic Places Act 1993;
iv.
Resource Management Act 1991;
v.
Wildlife Act;
vi. Local authority plans and guidance documents.
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4. EXAMPLES OF COMPLEX ENGINEERING
GEOLOGICAL PROBLEMS AND ACTIVITIES
The PEngGeol competence standard requires an
engineering geologist to demonstrate an ability to scope,
investigate, analyse and communicate complex engineering
geological problems. The engineering geologist uses his
or her knowledge and skills to complete these tasks. The
NZGS has identified a number of examples of complex
engineering geological problems and activities to assist a
PEngGeol applicant.
A candidate applying for PEngGeol is expected to
demonstrate that they are capable of carrying out all of
the following complex engineering geological problems and
activities. The candidate does not need to have actually
carried out the following problems and activities. Rather
the candidate can demonstrate that they are capable of
carrying out the problems and activities by drawing on
relevant evidence from other problems and activities.
A.) Mapping and characterisation of difficult soils and/or
rocks for either infrastructure route selection, land
development, dams, tunnels or mines;
B.) Mapping and characterisation of complex soil and
rock masses for stability assessment of natural, fill
and cut slopes, under static and seismic loadings,
and to inform the design of potential mitigation
measures;
C.) Mapping and characterisation of a range of
ground conditions to inform the design of either
IL 2 buildings (as defined by AS/NZS 1170.0; as an
example of typology), or bridges, dams and tunnels
of comparable importance, on or in a range of
foundation types;
D.) Assessment of situations with high risk to life or
property where special precautions or expertise
are or may be required to identify and assess
impacts from geological hazards, for example during
a response to an emergency event such as an
earthquake
E.) Characterisation and selection of soil and rock
construction material for earthworks requiring a
range of characteristics and properties.
5. COMMENTS ON DEMONSTRATING COMPETENCY
The complex engineering geological problems and
activities listed in Section 4 represent a range of projects
to which knowledge and skills would be applied by
Professional Engineering Geologists working within small,
large or specialised organisations.
Applicants are expected to have at least five years’ of
practical experience following graduation, with exposure
to a range of complex problems and activities, and to have
been supervised by and have their work reviewed by a
June 2020 • NZ Geomechanics News

more experienced PEngGeol or CPEng (Geotechnical).
Applicants should also be able to demonstrate that they
understand the boundaries of their own knowledge and
skills and will actively seek assistance when asked to work
outside their competence or level of expertise.
It is acknowledged that applicants will have gained
a range of both experience and competency for each
complex problem and activity to which they have been
exposed. They are likely to have worked as part of a team,
in which case they will need to demonstrate they have
taken responsibility for a major part of the problem and
activity and/or that their experience of complex problems
and activities has been spread over more than one project.
Demonstration of competency is likely to be through a
combination of:
• presenting a portfolio of geological models,
assessments, reports and drawings;
• outlining the steps and judgement calls in the
investigation, analysis, communication and reporting of
specific elements;
• presenting case studies of project issues encountered,
investigated and resolved;
• demonstrating their contributions, which may include
use of referee support as to their roles and outcomes.
It is recognised that there are specialist fields or
activities in engineering geology that are not specifically
covered by the above BOKS (e.g. geothermal resource
development). Engineering geological activities in these
fields and activities require much of the same knowledge
and skills as listed in the table in Section 3 and may also
require working from first principles using their broader
understanding of engineering geology and specialist
knowledge of geological controls and impacts in their
field of activity. It may therefore be possible to meet the
PEngGeol BOKS requirements above even though the
range of activities differs to a degree from that listed in
Section 4.
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ABSTRACT
End-of-life tyres (ELTs) are non-reusable tyres in their
original form. They enter a waste management system
based on product/material recycling and energy recovery
or go to disposal. In New Zealand, only 30% of the
5 million ELTs produced yearly are recycled. The residual
70% of ELTs are mainly disposed of through landﬁll,
stockpiles or illegally disposed. However, ELTs cannot
be considered as a simple waste to be disposed of. If
mechanically sheared into granulated tyre rubber,
ELTs may find use in many civil engineering applications.
In this paper, key environmental issues associated
with ELTs poor management and recycling processes
are first described and discussed with reference to
the New Zealand context. Then, the potential reuse
of ETLs in geotechnical applications is demonstrated
based on the results on a multi-disciplinary feasibility
study conducted jointly at University of Canterbury and
at the Institute of Environmental Science and Research
Ltd. (ESR).
KEYWORDS: end-of-life tyres; recycling and reuse of
waste materials; gravel-rubber mixtures; sustainable
foundation systems
INTRODUCTION
Tyre recycling is the process of converting end-of-life or
unwanted waste tyres into materials that can be utilized
in new products or applications. End-of-life tyres (ELTs)
typically become candidates for recycling when they
become no longer functional due to wear or damage,
and can no longer be re-treaded or re-grooved (Basel
Convention Working Group, 1999).
In many countries, ELTs are a controlled waste under
environmental regulations, which place a duty of care on
waste producers to ensure safe disposal through licensed
carriers to licensed sites. For instance, in Europe, since
2003, under the European Union Landfill Directive, waste
tyres are prohibited from being used for landfill. Even
shredded tyres are not accepted by landfill facilities.
In contrast, at present no national regulations are in
place in New Zealand to efficiently manage waste tyre
recycling, and with the ever-growing volume of ELTs,
environmental and socio-economic concerns are urging
the reuse of waste tyres through large-scale recycling
engineering projects.
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Fig. 1. Examples of illegal disposal of ELTs in New Zealand (photos courtesy of Waikato Regional Council)

The issue: improper ELT disposal practices in
New Zealand
The current rate of ELT production in New Zealand is
over 5 million per year, including passenger vehicle tyres
(approximately 4 million) and truck tyres (approximately
1 million), and is expected to grow over time with increased
population and number of vehicles on roads. An estimated
30% of such waste tyres are exported or recycled; yet,
the remaining 70% are destined for landfills, stockpiles,
illegal disposal or otherwise unaccounted for (Ministry
for the Environment, 2015; Cann, 2017), giving rise to
piles of waste tyres that do not readily degrade
or disintegrate.
Fig. 1 shows typical examples of illegal ELT disposal
practices currently seen in New Zealand. The dumping
of scrap tyres into open areas and landfills is clearly the
least desirable option for the ELT disposal. Vast piles
of tyres or buried tyres are unsustainable management
practices and cause substantial environmental and health
problems. Not only do they occupy a large amount of land
(up to 75% void space), but they also harbour many pests,
mosquitos and other insects that spread contagious and
unknown diseases (Torretta et al., 2015). Potential leaching
of metals and other chemicals contained in the tyres is
June 2020 • NZ Geomechanics News

also a danger to the environment as they may be toxic and
result in water and soil contamination (Basel Convention
Working Group, 1999; Lynch et al., 2017; Banasiak et al.,
2019). Another big threat of waste tyres landfilling and
stockpiling is the potential for uncontrolled fires. Several
tyre fire incidents have been reported in recent years by
New Zealand mass media (e.g. Dangerfield 2018a, b and
2019a, b). Though tyres are relatively difficult to ignite,
tyre fires are difficult to extinguish and the firefighting
and clean-up from tyre fires are costly. More importantly,
the gasses emitted from tyre fires are high in CO, CO2,
sulphur oxides, and are harmful to both people and the
environment (Rowhani and Rainey, 2016). All these serious
issues mean that there are great environmental and
socio-economic benefits in moving away from waste tyres
disposal and to find sustainable management practices.
Waste tyre recycling may be challenging, but it is not
impossible to achieve. In Europe, Canada, USA, Japan and
many other countries where strategic waste marketing,
collection and management procedures have been put
in place to effectively making use of recycled ELTs, the
disposal of waste tyres has been reduced to 20% or less
(Pehlken and Essadiqi, 2005; Torretta et al., 2015; Ministry
for the Environment, 2015).
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Fig. 2. Waste tyre management hierarchy for the New Zealand context

The challenge: identifying sustainable ways for ELTs
recycling in New Zealand

According to the waste management hierarchy (Waste
Avoidance and Resource Recovery Act, 2001), reduce,
reuse, recycle and energy recovery are the four integrated
basic options that should always be considered in dealing
with waste problems. To be explicit, the highest priority
is to avoid and reduce the generation of waste; when
avoiding and reducing waste is not possible, the next most
preferred options are to reuse (without further processing)
and recycle (processing to make different products) waste
materials. This keeps waste in the productive economy and
benefits the environment by decreasing the need for new
materials and waste absorption. When further recycling
is not feasible, it may be possible to recover the energy
from wastes, if environmentally acceptable, and feed it
back to the economy. Only if waste materials cannot be
safely recycled and direct treatment is not feasible, then
waste disposal may become a possible management
option. In the case of waste tyres, while the avoidance and
reduction of the amount of ELTs produced appears to be
impracticable – in view of the growing volume of vehicle on
the roads – the reuse and recycling of ELTs are certainly
viable options, and should be preferred to the energy
recovery and disposal (Fig. 2).
In 2015, the Waste Minimisation Fund was targeted at
applications that would help solve the problem of ELTs
in New Zealand. Although the predisposition in regard to
waste tyre management was to reuse and recycle, in its
place energy recovery from waste tyres was prioritised.
This, however, may be arguably a sustainable solution. That
is, tyre derived fuel (TDF) typically has a sulphur content
ranging from 0.5% to about 2.0%, and may also contain
metals such as lead, cadmium and zinc (Constant and
Gosmann, 1997). Therefore, there could be public concerns
on the use of TDF and possible toxic air emissions that
pose major health risks for the communities living within
the vicinity of the industrial units using TDF.
It is clear that only large-scale sustainable initiatives
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could tackle this nationwide problem, and using ETLs
as alternative construction materials in civil engineering
applications may be the most promising solution (Fig. 2).
The opportunity: recycling ELTs in sustainable civil
engineering applications

In Australia and New Zealand, geotechnical engineers
are increasingly expected to meet requirements for
environmentally friendly design, construction and
innovation (Arulrajah et al., 2014; Chiaro et al., 2015).
In this context, reuse and recycling of construction
and demolition materials, commercial wastes and
industrial by-products in civil engineering applications
are progressively sought as it provides substantial
benefits in terms of increased sustainability and reduced
environmental impacts.
Specifically to the New Zealand context, taking into
consideration the effort is being put into the development
of more seismic resilient communities and the expansion
of road and railways infrastructures, the reuse of recycled
waste tyres in the design of foundation systems that
would enhance the seismic performance of residential
buildings as well as low-cost light-weight backfill materials
for retaining walls and road/railways embankments would
be a stimulating opportunity to effectively recycle a large
amount of ELTs (Chiaro et al., 2019 a, b).
Such ETLs issues have stimulated research and
application of ETLs adoption in an environmentally
sustainable way as well as the development of
interdisciplinary solutions that require shared knowledge,
applied science and advanced experimental and numerical
capabilities. Aimed at providing insights that would
facilitate the reuse of ELTs in civil engineering applications
in the New Zealand context, a joint geo-environmentalstructural engineering experimental research program
– funded by the Ministry of Business, Innovation and
Employment (MBIE) – has been carried out by researchers
of the University of Canterbury and the Institute of
Environmental Science and Research Ltd. (ESR).
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Fig. 3. Example of a multidisciplinary approach used to develop sustainable solutions for ETLs recycling in foundations systems

The main components of such research effort consist of:
• 	Geotechnical and environmental engineering
experimental investigations to identify optimum
gravel-rubber mixtures (the choice of using of gravel
rather than sand is based on performance and
implementation considerations), having excellent
mechanical properties (e.g. compressibility, stiffness,
strength, dynamic properties etc.) and minimal
leaching attributes;
• 	Structural engineering laboratory tests to design
fibre-reinforced rubberised-concrete structural
elements (e.g. foundation raft, beams and columns)
with satisfactory structural performance; and
• 	Numerical and physical models to prove the concept
and evaluate the mechanical performance under
static and seismic loads of geotechnical and structural
elements individually or as part of a system.
To date, the primary focus of such multi-disciplinary
research has been the development of the “eco-rubber
geotechnical seismic isolation (ERGSI) foundation systems
for medium-rise residential buildings” (Chiaro et al., 2019b;
Banasiak et al., 2019; Tasalloti et al., 2020; Hernandez et
al., 2020). Nevertheless, the experimental investigations
have been designed in a way that they would provide an
in-depth understanding of key factors (e.g. rubber content
and size, gravel-rubber particles size ratio; rubber-concrete
proportion etc.) that affects the mechanical behavior of
gravel-rubber mixtures and rubberised concrete, which
must be taken into consideration in the design of such
materials, therefore, facilitating their adoption also in many
other civil engineering applications in addition to ERGSI
foundation systems.
In this paper, to benefit the wider New Zealand
geotechnical engineering community and stimulate
geo-engineers to extend their classical soil mechanics
background and think outside the box to come up with
safe and sustainable design and construction methods
of geo-structures, we synthesise the results of the
June 2020 • NZ Geomechanics News

geotechnical investigations carried out in the Geotechnical
Laboratory of the University of Canterbury.
Readers can refer to specific technical publications by
the authors, available through the project website (https://
sites.google.com/view/ecorubberfoundation/publications),
for full details of the “ERGSI foundation systems” project,
including findings from environmental and structural
investigations as well as results of the numerical
investigations as they will become available.
Recycling of ELT-derived rubber in geotechnical applications:
sand-rubber vs. gravel-rubber mixtures

In the last two decades, ELT derived materials (in the form
of chips, crumbs, granules and shreds) mixed with granular
soil (primarily sand) have been used in geotechnical
applications, such as light-weight backfill materials for
retaining walls and embankments, drainage layers, slope
stabilisation and landfill construction (Senetakis et al., 2012;
Mashiri et al., 2015). Yet, it was only in recent years, that
the attractive strength and dynamic properties of soilrubber mixtures has regained consideration. Their use has
been proposed for isolation backfill material on retaining
walls, underground horizontal layer for the mitigation
of liquefaction phenomena (Hazarika et al., 2020) and
isolation systems with energy dissipation for buildings
(Tsang et al., 2019; Chiaro et al., 2019b; Tsiavos et al., 2019).
Schematic illustrations are reported in Fig. 4.
To date, much research has focused on the mechanical
characterization of sand-rubber mixtures. Nevertheless, in the
selection of the soil type and recycled rubber size to form
soil-rubber mixtures for use in geotechnical applications, the
availability and the cost efficiency of both materials should be
carefully considered (Hazarika and Adbullah, 2016). Actually,
to avoid inherent segregation of binary mixtures made of
large and small particles (Kim and Santamaria, 2008), the
recycled rubber should be cut into smaller (sand size-like)
pieces when mixed with sandy soils, which will inevitably
increase the implementation costs. Hence, it has been
recommenced to use gravel-rubber mixtures instead.
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(a) Backfill material for retaining walls

	

(b) Horizontal layer for
liquefaction mitigation

(c) Eco-rubber geotechnical seismic isolation
(ERGSI) foundation systems

Fig. 4. Examples of reuse of gravel-rubber mixtures in sustainable geotechnical applications

VRC =

VR
VR + VG

(x 100)

Taking into consideration the advantages of using gravelrubber mixtures over the sand-rubber blends as above
described and considering that in New Zealand it is already
a common practice to replace the topmost liquefiable sandy
soil deposits or problematic soil layers with compacted
well-graded gravel layer as part of foundation systems for
residential buildings, the adoption of the gravel-rubber
assortments in geotechnical applications seems the
most appropriate. Yet, such materials have been poorly
characterised so far and detailed studies on their physical
properties, compaction characteristic and mechanical
behaviour were therefore required.
Geotechnical properties of gravel-rubber mixtures
When mixed with gravel, both the rubber content by mass
or volume as well as the relative grain size between rubber
particles and gravel grains (i.e. aspect ratio or the ratio of
median particle sizes; D50R/D50G) plays an important role
on the physical properties and mechanical behavior of
gravel-rubber mixtures (GRMs).
Hence, in the ERGSI feasibility study, the test materials
consisted of a washed pea gravel with rounded grains (G)
and two coarse-sized granulated recycled rubber types
– i.e. large rubber (RL) and small rubber (RS) – that are
free of steel wire and fiber reinforcements. The particle
size distribution (PSD) of G, RL and RS with their photos
are presented in Fig. 5, while their index properties are
summarized in Table 1. The specific gravity (Gs) of G, RL and
RS was measured as 2.72, 1.15 and 1.14, respectively. The size
ratio (i.e. D50,R/D50,G) between RL particles and G grains is
4/6 = 0.67 and between RS and G particles is 2/6 = 0.33.
Several mixtures prepared at various volumetric rubber
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content (VRC) of 10%, 25%, and 40% (range of mixtures of
interest in foundation engineering applications) by mixing
RL and RS with G were also tested. Note that, VRC is
defined as the ratio of the rubber particle volume (VR)
to the total volume of solid particles (rubber and gravel)
(VTOT = VR + VG, where VG is volume of gravel grains):
DRY UNIT WEIGHT OF GRMS
For satisfactory performance of structures made of
gravel-rubber mixtures (GRMs), it is necessary to properly
control the compaction and correctly evaluate the physical
properties of compacted SRMs. Similar to conventional
soils, laboratory compaction tests represent the best
method to understand the sensitivity of compaction to
the properties of GRMs (shape and distribution of grains,
mineralogy, water content etc.) and to the given actions
(compaction methodology and energy).
For the case of gravel-rubber mixtures vibratory table
tests were found to be ineffective for compacting the
tested materials due mainly to energy absorption ability of
the rubber. On the other hand, Proctor compaction tests
resulted a viable testing procedure, although the moisture
content was not a controlling parameter. Obtained results
are reported in Fig. 6. Essentially the dry unit weight of
the mixtures decreases linearly with increased VRC, from
about 17.2 kN/m3 for pure gravel to 13.2 kN/m3 for mixtures
with VRC = 40%. It is worth mentioning that, slightly
higher values were obtained for the mixtures with smaller
aspect ratio due to smaller rubber particles filling the
gaps between the large gravel particles. This is consistent
with previous studies on sand-rubber mixtures (Kim and
Santamarina, 2008).
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Fig. 5. Particle size distribution and photos of gravel and rubber tested in this study

Table 1. Index properties of tested gravel and rubber
Material

Grain size (mm)

Symbol
Dmax

D50

Specific gravity
Gs

Dry unit weight,

γ (kN/m3)
γmin

γmax

Rounded gravel

G

10

6

2.72

15.4

17.2

Large rubber

RL

8

4

1.15

5.0

6.4

Small rubber

RS

4

2

1.14

4.2

5.9

Based on the above, one of the benefits of mixing
rubber and gravel would be that the in-situ overburden
stresses associated with the unit weight of the mixtures
could be greatly reduced. For example, the reduction
would be of 6% for VRC = 10%, 13% for VRC = 25% and
23% for VRC = 40%. This is expected to lead to reduced
design performance requirements, in terms of bearing
capacity and settlement, for natural soil deposits that
underlie a GRM layer installed as part of a residential
structure foundation system. Moreover, thinking of other
potential geotechnical applications, it would reduce
the earth pressure behind retaining walls or induce less
settlement underneath gravel-rubber embankments placed
on compressible soils.

PERMEABILITY OF GRMS
Permeability of GRMs can be related to the porosity
of the material that depends on the PSD of the rubber
and host gravel as well as the vertical stress applied.
Experimental evidences have showed that typically the
hydraulic conductivity coefficient of GRMs with large
rubber particles varies between that of typical gravelly
soils at low confining stress levels and that of sandy soil
at higher confining stress levels. For mixtures of small
rubber particles and VRC > 10%, the hydraulic conductivity
coefficient is similar to that of sandy soils irrespective of
the confining stress level applied.
Hazarika et al. (2020) have shown that the use of GRMs
(with VRC < 40%) placed on the top of liquefiable sandy

Fig. 6. Variation of maximum dry unit weigh of GRMs.
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soils can substantially reduce the pore water pressure
generation in the sandy soil deposit, the reasons being:
(1) GRMs themselves are not liquefiable and therefore
can be conveniently used to replace the top most portion
of liquefiable soil layers, and (2) having an hydraulic
conductivity higher than the sand, GRMs provides a
preferential pathway for water to easily flow upwards and
quickly dissipate pore water pressure.
COMPRESSIBILITY OF GRMS
Compressibility or the capability of GRMs to decrease
in volume when subjected to an applied load is one
of the most important parameters required in design
considerations. For conventional soils having rigid
particles such as sand and gravel, any change in volume
is due the movement, rotation and rearrangement
of non-compressible particles (Lee et al., 2007). The
compressibility of GRMs, however, is completely different

to that of granular soils, due to significant differences in
the elastic modulus of the rigid particles of the host gravel
and that of the soft rubber particles. Moreover, under
normal stress, not much volume change is associated with
individual particle of rubber (Poisson’s ratio of pure rubber
≈ ≈ 0.5), and distortion is the main phenomenon that occurs
in pure rubber specimens while being loaded.
A summary of two series of one-dimensional compression
tests (k0-lateral stress condition or zero lateral strain) with
creep conducted using a newly-developed medium-size
oedometer cell (height = 150 mm and diameter = 250 mm)
is reported in Fig. 7. In such tests a creep of 30 minutes
(which was sufficient to achieve negligible settlement
under sustained vertical load under the adopted testing
conditions) was applied at each incremental load stage
of 100 kPa as well as the measured vertical stress was
corrected for the loss of transferred load due to soil-wall
friction that was experimentally determined.

Fig. 7. One-dimensional compesasion characteristic of GRMS

Fig. 8. Friction angle of GRMs
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The curves reported in Fig. 7 refers to specific values of
volumetric strain for various mixtures and applied vertical
stress levels of relevance for geotechnical applications.
It can be observed that, in general, the vertical strain
increases with increasing VRC and applied vertical stress.
However, the use of smaller rubber particles induces larger
vertical strain under the same stress and VRC conditions.
In the design of geotechnical structures made of
GRMs, the two charts reported in Fig. 7 can be used in
the selection of optimum mixtures that would meet
allowable volumetric strain requirements for any given
vertical stress level. It is important also to mention
that if preloaded, over-consolidated GRMs will undergo
much smaller volumetric strains that those subjected to
normal consolidation.
STRENGTH PROPERTIES OF GRMS
The shear strength of any soil is the result of friction and
interlocking between particles, and possibly cementation
or bonding at particle contacts. Due to interlocking,
particulate materials may expand or contract in volume as
they are subject to shear strains. Alike conventional soils,

shear strength is one of the most important characteristics
contributing to the performance also for GRMs.
Results of direct shear tests conducted on a mediumsize apparatus (width = 100 mm; length = 100 mm and
height = 45 mm) under three levels of vertical shear stress
from 30 to 100 kPa are reported in Fig. 8. In general the
friction angle decreases with increasing VRC and vertical
stress level. However, it is evident that for the range of
VRC tested, the friction angle of GRMs is always greater
than 35o, irrespective of the level of vertical stress
applied as well as the VRC and the rubber size used. This
suggests that GRMs could be safely used in the majority of
geotechnical applications
STIFFNESS, SHEAR STRAIN DEGRADATION AND
DAMPING PROPERTIES
The design of typical geotechnical structures such as
foundations, retaining walls and slopes subjected to cyclic
shear loading conditions (e.g. earthquake or traffic loads)
would require the evaluation of the dynamic and cyclic
response of GRMs, such as the small-strain shear stiffness
(Gmax), shear modulus (G) degradation and damping ratio (D).

Fig. 9. Variation of GRMs small-strain shear modulus with varying VRC and confining pressure

Fig. 10. Shear modulus degradation and damping ratio characteristics of GRMs
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found that as more rubber was added into the mixtures,
the period of the foundation system shifted toward larger
value (base-isolation effect due to the reduction of Gmax)
while the amplitude of the peak acceleration decreased
(i.e. damping effect due to the increase of D). A conceptual
diagram showing such effects is reported in Fig. 11.
DISCUSSION
How much recycled rubber (or ELTs) could be reused in
geotechnical applications?
As summarised in Table 2, based on the results of this
study, it has been estimated that up to 280 kg of rubber
(free of steel wire and fibre reinforcements) could be used
per cubic metre of GRMs. This would correspond to 43
ETLs. This does not include additional rubber that could
be used in the rubberised concrete structural elements.

Fig. 11. Schematic illustration of base isolation
and energy dissipation effects of GRMs in ERGSI
foundation systems

Results of bender element tests shown in Fig. 9
indicates that the small-strain shear stiffness of GRMs
decreases with increasing VRC and increases with
confining pressure. This is consistent with previous studies
on sand-rubber mixtures. However, for the same level of
confining pressure, the stiffness of GRMs is higher than
those of sand-rubber mixtures having the same VRC
(Lee et al., 2007).
Additionally, the results of small-strain cyclic triaxial tests
show that the shear modulus degradation of GRMs decreases
with the addition of rubber into GRMs (Fig. 10). On the other
hand, also the damping ratio increases with increasing VRC.
The use of small rubber size does not affect the overall
response. This is an important finding demonstrating that
GRMs will perform better that conventional granular soils
under cyclic loading retaining their stiffness and dynamic
properties over a larger range of shear strains compared
to conventional granular soils. Obviously, this is due to the
capability of rubber particle to dissipate energy.
Such findings have been confirmed by small-scale
impact load tests conducted on GRMs. In such tests a
foundation prototype was placed on a 20 cm thick layer of
pure gravel and mixtures with VRC = 10, 25 and 40%. It was

CONCLUDING REMARKS
In New Zealand, approximately 3.5 million of ELTs
produced yearly are legitimately or illegally disposed
of through landﬁlls and stockpiles. Nevertheless, ELTs
cannot be considered as a simple waste to be disposed
of. Large-scale sustainable recycling initiatives are crucial
to tackle this nationwide problem. A promising solution
is to reuse waste tyres as a construction material in civil
engineering applications. This paper presented the results
of geotechnical investigations of a multi-disciplinary project
by which ELTs are reused to design earthquake resistant
structures by developing innovative dissipative foundation
systems. The results of such investigation show that GRMs
with VRC ≤ 40% have satisfactory strength properties,
low compressibility and enhanced dynamic properties
that make it possible to use GRMs in many geotechnical
applications. The lightweight properties will reduce
the earth pressure behind retaining walls or enhance
the bearing capacity of natural soil deposits beneath
foundations. Moreover, GRMs could also be effective as
liquefaction mitigation technique due to their gravelly-like
hydraulic conductivity properties.
Note that the results reported in this paper are based
on the use of uniformly-graded gravel and rubber with

Table 2. Mass of granulated rubber and number of ETLs to be reused in geotechnical applications
Rubber content (%)
By volume
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By mass

Dry density of
mixtures
(kg/m3)

Mass of mixture
(kg/m3)

Mass of gravel
(kg/m3)

Mass of
recycled rubber
(kg/m3)

Number of
ELTs/m3

10

4.1

1543

1543

1480

63

10

20

9.2

1407

1407

1278

129

20

30

15.3

1313

1313

1112

201

31

40

22.4

1252

1252

972

280
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maximum particles diameter of approximately 10 mm
that could be tested in the laboratory using conventional
devices. Yet, as in the Geotechnical Laboratory of the
University of Canterbury, we are improving our capability
of conducting tests on geomaterial with larger particles,
additional tests will be carried out on mixtures of gravel
AP40 and rubber with 20 mm particles to verify some of
the findings reported in this paper and if required refine
the design criteria for GRMs.
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IN OCTOBER 2019, a spectacular landslide destroyed
nearly 300m of State Highway 4 at a remote site near
Te Ore Ore, about 20km south of Raetihi in the central
North Island. The slip caused major disruption to the local
community and to goods and tourist traffic through the
area. Eleven weeks later a new temporary route across the
slide was opened in time for the Christmas holiday season.
This paper describes the landslide failure mechanism
and sets out the measures adopted to manage ongoing
landslide risk to the temporary crossing.
THE LANDSLIDE
On Sunday 29 September last year cracking in the
pavement of State Highway 4 was noticed by maintenance
crews from network maintenance contractor Higgins
Contractors (Higgins) who manage the route on behalf
of Waka Kotahi NZ Transport Agency (Transport Agency).
On the night of 1 October an earthflow originating from
saturated ground in the floor of the valley covered the
road during the night. This was cleared and a geotechnical
inspection undertaken on Tuesday 2 October. Open
tension cracks were found in the pavement both to the
north and south of the earthflow (Figure 1). The road was
closed following this inspection.

Figure 1. Tension cracking several days prior to the landslide
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Figure 2. UAV imagery of Te Ore Ore Slip shortly after failure, October 2019

Figure 3. A road to nowhere...the edge of the carriageway at the north
end of the landslide

Over the next day a large headscarp developed upslope
of the highway. At some time during the night of 3 October
a 12 hectare area failed rapidly toward the Mangawhero
River, completely removing about 300m of highway and
partially blocking the river channel (Figure 2 and Figure 3).
June 2020 • NZ Geomechanics News

FAILURE MECHANISM
The 2019 landslide was found to be within a much older
and larger pre-historic landslide (around 32 Ha) that
had previously failed north-east toward a bend in the
Mangawhero River (Figure 4). The failed block is bounded
to the south and east by two intersecting topographic
lineaments. Sub-horizontal bedding in the underlying
Tertiary siltstone may have provided a low angle basal
shear surface. Similar landslides at even larger scales are
apparent in the wider area and have formed as a result of
rapid downcutting and incision of the drainage features in
geologically recent time, causing removal of toe support
to natural slopes.
Displacement of the older landslide block toward the
north-west has left behind it a poorly drained “pull-apart”
depression parallel to southern scarp (Figure 4). Springs
and swampy ground are apparent in the floor of this valley.
The earthflow that preceded the 2019 landslide
suggests that the slide mass had slowly become
saturated over the past winter (or winters) and this is
likely the primary cause of the failure. Satellite imagery
commissioned by the Transport Agency also suggested a
gradual build-up of soil moisture in the valley floor. Rainfall
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Figure 4. Site plan with pre-landslide imagery showing location of the 2019 landslide in relation to the original pre-historic landslide

Figure 5. Post-landslide imagery showing October 2019 slip extents with principal elements highlighted
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for the 5 days prior to the first observed movement was
around 50mm, which is relatively unremarkable for the site
and may be expected to occur on one or more occasions
in a typical year. This suggests the landslide was not a
direct result of a single rainfall event.
The lower section of the 2019 landslide comprises a
debris fall zone (Figure 5). The base of the landslide is
hypothesized to “daylight” above river level with material
in the lower reaches of the landslide having “collapsed”
into the river. Further upslope, movement was largely
translational, with the ground surface remaining broadly
intact but severally deformed through tension cracks,
pressure ridges and scarps. Downslope displacement
ranged from around 27 m just above the debris fall
zone, steadily decreasing to 1-2 m at the upper extent of
movement. Shallow secondary landslides have formed
from the southern slopes due to removal of toe support
as a result of the main slide. A small prominent hill in the
centre of the valley floor represents a semi- intact block
of siltstone that is being “rafted” within the slide debris.
IMMEDIATE RESPONSE
Following the landslide, traffic was diverted to Fields Track
(Whangaehu Valley Road), a detour of approximately 25
kilometers along rural roads unsuited to heavy vehicles.
These had to make an even longer detour via State
Highway 1. The landslide isolated the township of Raetihi
from through-traffic and significantly affected access to
the scattered rural community over a large area. This
directly impacted school pupils, rural business, tourists
and access to emergency services. Reconnaissancelevel geotechnical mapping was carried out, with repeat
photogrammetric surveys based on drone data capture
initially used to assess the degree of ongoing movement.
Once ground access on to the slip was available an array
of survey prisms was set up to monitor ongoing ground
deformation. Initial survey results indicated a section of
the slip immediately upslope of the debris collapse zone
was continuing to move at up to 10 mm per day (see Figure
8). No ongoing deformation was recorded in the upper
reaches of the landslide.
OPTIONS ASSESSMENT
An early assessment of options for reinstating SH4
concluded that there was no short-term solution to bypass
the slip. Possible alternative alignments both east and west
of the Mangawhero River were unable to provide required
gradients for heavy vehicles without major earthworks.
These options were further constrained by the presence
of other landslides. Investigation works to assess the
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feasibility of stabilising the slip would also require many
months to complete and even longer to implement.
In the absence of these alternatives and given the
imperative to reopen the highway for the local community
the decision was made to temporarily reinstate the
highway across the slip. This involved rebuilding the
highway slightly upslope of its original alignment requiring
significant earthworks, surface drainage works, landscaping
and pavement reconstruction. The adopted construction
methodology sought to manage the effects of the works
on stability as far as possible but did not include further
measures to stabilise the landslide. This solution therefore
required the risk to the construction team and later
to road users to be closely monitored and proactively
managed. The risk that the route might become untenable
during or at any time after construction in the event of
renewed instability was also acknowledged.
TARP DEVELOPMENT
A key component of formalizing landslide risk management
is the Trigger Action Response Plan (TARP). TARPs
were used successfully during the reinstatement of SH 1
following the 2016 Kaikōura Earthquake.
The TARP sets out:
Triggers - events which indicate an increase in level of
risk which requires further action. These may be physical
observations of changed conditions, instrument responses
or wider-field adverse events such as earthquake or
intense rainfall. In some cases, triggers may also be
anticipated. For example, a forecast for abnormally heavy
rain may constitute a trigger.
Actions - a series of activities initiated by triggers to
further investigate the level of risk and inform decisionmaking. The party responsible for each action is defined.
Responses - measures taken to directly mitigate elevated
risk. The most extreme is temporarily closing the route but
this may also include partial restrictions such as temporary
speed limits, daylight only operations or restricted hours
of operations. The response may also require additional
monitoring and/or an increase in monitoring frequency.
Actions and responses are grouped into three TARP
levels based on defined triggers:
Level 1 - normal operations in accordance with the
temporary traffic management plan;
Level 2 - a state of heightened awareness requiring for
example detailed inspection, additional monitoring, with
the option of partial restriction of service.
Level 3 - closure of the route followed by further
monitoring and investigations.
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Key aspects of the TARP include:
• 	Triggers must be related to measurable criteria.
Where these are quantitative, such as rates of
movement or rainfall intensity, alert levels for the
various responses must be defined. Where these are
observational, such as observed ground movement on
site, clear descriptive criteria need to be provided.
• 	Trigger levels need to be reviewed frequently as more
is learnt about the behavior of the landslide and the
level of “noise” inherent in the various monitoring
instrumentation. If they are set too conservatively,
false alarms will be generated which rapidly degrade
the effectiveness of the TARP and can quickly cause

stakeholders to disengage. Insufficiently conservative
trigger levels obviously risk missing a key precursor to
renewed landslide movement. As our understanding
of the movements across the slip increased, the TARP
trigger levels were adjusted accordingly.
• 	Every aspect of the TARP needs to be owned by
a specifically identified person with at least one
alternate provided in the event the primary point of
contact cannot be reached.
• 	The TARP should define de-escalation processes and
responsibilities as well as escalation (for example,
who has to sign-off re-opening the road following a
level 3 response?).

Figure 6. Drone imagery
showing temporary
reinstatement of SH4
just prior to re-opening
(December 2019)
Figure 7. Southern section
of the temporary alignment
from one of the remotely
monitored cameras
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TEMPORARY REINSTATEMENT AND MONITORING
Higgins, with delivery partners I.D. Loader Ltd and Goodman
Contractors Ltd commenced construction of the temporary
route on behalf of the Transport Agency on 19 November
2019. SH4 was reopened to public traffic as a fully chipsealed,
two lane carriageway on 20 December, in time for the holiday
period (Figure 6 and Figure 7). A 30 km/h speed limit was in
place with temporary lighting provided using portable plant.
The design of the works was by Higgins, with design review
and TARP development by Beca.
Monitoring throughout the construction period comprised:
• 	Daily re-survey of the surface prism array and
re-calculation of vectors of movement.
• 	Daily walk-over pre-start inspection of the working
area for any evidence of cracking or deformation.
• 	A site rain gauge, supplemented by an existing
Horizons gauge located just 2 km to the south of
the site.
• 	Establishment of a series of waratah stake
extensometers across key tension cracks.
• Regular geotechnical inspections.
• Monitoring focused on two areas:
• The southern section of the realignment due
to post-landslide movement with potential for
damage to the carriageway, and
	
• The slopes above the northern end of the
alignment where extensive tension cracking had
occurred during the main landslide event.

During construction, movements of up to 10 mm per day
continued at the southern end of the route . No movement
was recorded on the northern slopes. A number of alerts
occurred under the construction TARP requiring further
investigation, but only one day’s work was lost due to
rainfall exceeding the Level 3 threshold.
A revised regime of monitoring was put in place once
the road was open, including:
• 	The site was manned full time and drive-over
inspections of the carriageway were done every
2 hours.
• 	Eight automated surface extensometers and five
tiltmeters were deployed at key location across the
site. The instruments are connected via telemetry
to a satellite communications unit which provides
near real time data availability on a Beca-hosted
instrumentation portal. This system generates
automatic alarms if pre-set movement thresholds
are reached.
• 	Two remotely accessed video cameras were installed
providing full visual coverage of the route within the
landslide limits. These can be viewed remotely in real
time and can also be panned and zoomed to inspect
features of interest.
• 	A new rain gauge was set up to provide hourly data
via telemetry.
• Regular geotechnical inspections continued.

Figure 8. Horizontal movement recorded from the prism array since construction commenced. Points showing movement are
all located in the zone of post-event movement shown in Figure 5. No movement beyond survey measurement error has been
registered since the beginning of February.
June 2020 • NZ Geomechanics News
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A new TARP was developed to cover road operations,
considering the revised monitoring programme above and
learnings from the construction period. These included:
• 	There was no evidence that the slip had responded
to rainfall over the construction period. The TARP
trigger levels for rainfall were therefore increased.
• 	Survey monitoring had shown a steady decline in the
rate of movement over the construction period
(Figure 8) allowing survey frequency to be reduced
to weekly.
• 	No evidence was seen to suggest that the
construction earthworks had any effect on the
rates of slip movement.
On 24 December a crack was noted in the new seal
toward the southern end of the route. A geotechnical
inspection was immediately undertaken (under TARP Level
2) and additional monitoring stakes were installed across
the crack. While the crack was able to be mapped east
and west of the road, the movement rates were found to
be consistent with the ongoing survey monitoring results.
The crack defines the upslope extent of the zone of post
event movement shown on Figure 5. Given the consistency
in movement rates, the road remained open and there
was no interruption to service. The crack continues to be
monitored through telemetered surface extensometers
and regular geotechnical inspections to give the operations
team the ability to close the road at short notice and
maintain safety of the travelling public.
The operational TARP was further revised after
approximately two months operation. During this time
landslide displacement had dropped below the detection
threshold for the survey method and none of the other
instrumentation was recording any movement. Similarly,
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no effect was recoded from the Magnitude 5.4 earthquake
which occurred 50 km northwest of Paraparaumu on 25
January (135 km from the site). The coming winter will
provide further opportunity to observe any response to
seasonally elevated groundwater levels and any learnings
will be incorporated in later versions of the TARP.
The monitoring and TARP will remain in place until
the solution for the permanent reinstatement of SH4 is
developed – work which the Transport Agency is
currently progressing.
CONCLUSION
The decision to temporarily re-instate a key transport
route across a recently active landslide required timely
information on the landslide’s behavior and a clear
framework for risk management and decision making.
To date the insights provided by remote and on-site
monitoring coupled with an active TARP have allowed
SH4 to be safely re-established and operated at this
site. In the event of any change in landslide behavior the
monitoring regime and the TARP can be quickly updated.
In the right circumstances this approach offers a potential
way to manage natural hazards that cannot immediately be
circumvented or remediated.
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ABSTRACT
NZS 1170.5:2004 provides a subsoil classification system
of classes A to E, which are determined by specific
criteria of soil or rock characteristics. The fundamental
site period, T, is a key parameter in the classification
system and is particularly useful in deciding between soil
classes C and D, where the boundary is T = 0.6 s. The
site period can be estimated from a shear wave velocity
profile, such as that obtained from a downhole seismic
test. The seismic cone penetration test (SCPT) provides
a rapid means of obtaining shear wave velocity without
having to drill a borehole. In addition, to the downhole
seismic (S) part of the test, the CPT component can also
provide an independent estimate of Vs by way
of empirical correlations. The horizontal to vertical
spectral ratio (HVSR) is a non-intrusive method of
collecting and assessing ambient seismic vibrations
that can be used to estimate the fundamental site
period directly.
This paper describes how SCPT and HVSR techniques
can be used separately or in combination to estimate
site period and subsoil class for soil sites. Methods for
interpolating SCPT data and extrapolating beyond the
depth of the tests are also discussed. The methods are
illustrated by a case example from a site in Auckland in
Puketoka Formation soils.
1 INTRODUCTION
The New Zealand earthquake loadings standard (NZS
1170.5:2004) provides a subsoil classification system, which
categorises sites into five classes, A to E. Classes A and
B represent rock sites and are relatively easy to identify,
whereas determining the soil classes, C to E, can be more
difficult. In simple terms, Class E is defined as sites where
there is 10 m or more of soil with shear wave velocity, Vs,
of less than 150 m/s. If not Class E, then Classes C and D
are distinguished by the fundamental site period, T; Class
C if T < 0.6 s and Class D, if T > 0.6 s. There are other
alternative criteria that relate to borehole information.
NZS 1170.5 specifies a hierarchy of methods for site
subsoil classification, as follows:
1. 	From the site period based on four times the travel
time of shear waves from the underlying rock to the
ground surface
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2=. 	From borelogs, including measurement of
geotechnical properties (undrained shear strength,
su or SPT N)
2=. 	From site period determined from Nakamura ratios
(HVSR)
2=. 	From site period determined from recorded
earthquake motions
3. 	From boreholes with descriptors but no geotechnical
measurements
4. From surface geology
The hierarchy would suggest the intent of the Standard
is that some form of determination of site period is the
preference. Although, classification from borelogs with
geotechnical properties is ranked second equal in the
hierarchy, such borehole information cannot reliably
quantify site period. In boreholes, the geotechnical
properties that are mentioned in the Standard (su and
SPT N values) are typically determined by handheld shear
vane or SPT tests taken between drill runs (usually 1.5m).
These tests have a high degree of uncertainty associated
with them and the large depth interval between tests
provides sparse, non-continuous information with depth.
Furthermore, correlations between su or SPT N with shear
wave velocity or site period are generally poor and difficult
to verify on a site-specific basis. In comparison, CPT
provides more reliable data in a near continuous fashion
and correlations from CPT to Vs can be site-specifically
verified if done in conjunction with downhole seismic
testing (i.e. SCPT).
In the authors’ opinion the hierarchy of testing, in
alignment with the believed intent of NZS 1170.5, would
more aptly be:
1.	Site period determined from in situ shear wave
velocity testing (e.g. SCPT)
2. Site period determined from HVSR
3.	Site period determined from CPT correlations to Vs
(using verified correlations)
Boreholes, either with or without su and SPT N
information, would sit well below these three methods
in the hierarchy. NZS 1170.5 has presumably included
methods for estimating subsoil class from borehole
information because better methods were not previously
readily available. Given the now widespread availability of
in situ shear wave velocity testing, it is difficult to see how
the use of borehole information can be justified for this
type of assessment. Larkin and van Houtte (2014) found
that applying borehole information to Table 3.2 of NZS
1170.5, which helps identify class C sites, and clause 3.1.3.7,
which deals with layered sites, provides inconsistences and
may result in the unconservative selection of subsoil class.
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Consequently, Larkin and van Houtte (2014) recommended
that Table 3.2 be either amended or removed from future
iterations of the Standard. It is the authors’ opinion that
the classification methods using borehole information
should be removed from the Standard entirely.
There may be special circumstances where a borehole
may be useful, such as to identity rock at very deep soil
sites or where there are deep deposits of gravel. Even in
those cases, the most useful purpose of a borehole would
be to provide a hole for a downhole seismic test, rather
than be used in itself for the purposes of site classification.
It is often suggested that a borehole should be done to
verify the findings of a CPT or SCPT, but there is little
point in this as borehole information cannot reliably
determine shear wave velocity and so provides a poor
reference for comparison.
The in situ testing of shear wave velocity, the first of
the three methods listed above, can be achieved by a
variety of means, such as direct push downhole seismic,
MASW, cross-hole seismic, borehole downhole seismic or
downhole p-s suspension logging. Many of these methods
require either a borehole to be drilled and/or significant
post processing. Direct push downhole seismic, such
as SCPT or seismic dilatometer (SDMT), is rapid and
cost-effective in comparison to the other methods and
does not require a borehole. The use of dual geophone
modules (true-interval) greatly improves the accuracy
of the test and cross-correlation software reduces post
processing times. A SCPT combines the downhole seismic
component with a conventional CPT, which allows an
independent correlation to Vs to be made. Estimates of
Vs can also be made using the data from the DMT
component of a SDMT, but the CPT provides a more
continuous data set.
Consequently, the SCPT provides two independent
estimates of Vs, which can be used to determine
site period. By adding the HVSR method, a further
independent estimate of site period can be obtained.
It is the use of these methods (SCPT and HVSR) for
estimating site period that is the topic of this paper.
2 HVSR
The horizontal to vertical spectral ratio method (HVSR),
or Nakamura method, is a method of estimating the
fundamental site period from ambient vibrations recorded
passively at the ground surface. The method is described
by Nakamura (1989). A more detailed analysis of the
method is given in a European study named, SESAME
(Acerra, et al. 2004).
The HVSR method uses the signals recorded from
a three-sensor seismometer, comprising two horizonal
sensors (North-South and East-West) and one vertical
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sensor. The recordings are made concurrently at a single
station with the seismometer placed on the ground surface
to record passive waves. The recording time at each
station is usually between thirty minutes and one hour,
although may need to be longer for very deep soil sites.
The ambient vibrations are effectively seismic waves
forming a constant background noise made up, in general,
of frequencies over 1 Hz from anthropogenic sources, and
below 1 Hz from natural sources such as ocean waves. The
waves of interest are likely to be a combination of surface
waves (Rayleigh and Love waves) as well as body waves
(compression and shear waves). At the resonant frequency
of the soil deposit, these waves will tend to amplify in
the horizontal direction and be attenuated in the vertical
direction in their surface expression. By considering the
ratio of the horizontal to the vertical amplitudes, the
resonant frequency can be identified.
The signals from each of the three sensors are initially
processed in parallel by splitting each component into
matching time windows, usually of thirty seconds or one
minute. This allows windows with unusable signals to
be removed. The recorded signals in each window are
split into their component frequencies using a Fourier
transform algorithm. The results are smoothed using the
method by Konno & Ohmachi (1998). The two horizontal
components are averaged and then divided by the vertical.
The resulting H/V ratios are plotted on frequency spectra

for each time window. The mean of all the H/V ratios is
made to provide a single averaged spectra line, along with
lines indicating one standard deviation above and below
the mean.
A peak in the H/V spectra indicates the resonant
frequency of the site. The SESAME 2004 guidelines
provide criteria for identification of a clear frequency peak
to allow the user to assess the reliability of the indicated
resonant frequency. Once the resonant frequency of the
site is estimated, the site period can be determined by
							
						(1)
where. T0 = fundamental site period, f0 = fundamental
resonant frequency
An example of a HVSR plot is given in Figure 1, below.
This has been derived using the open source software,
Geopsy (Wathelet et al. 2020). The data is from a site in
South Auckland in Puketoka Formation soils with depth to
rock of approximately 38 m. The graph shows a solid line
that represents the mean of the data with dashed lines
above and below representing one standard deviation
either side of the mean. There is a distinct peak in the
plot, which meets the SESAME 2004 criteria. The peak
indicates a fundamental resonant frequency, f0 = 1.5 Hz.
This corresponds to a fundamental site period, T0 = 0.67 s.

f0 = 1.5 Hz
T0 = 0.67 s

(a)

(b)

Figure 1: Example of HVSR for site in South Auckland: (a) with all data; (b) with only mean and standard deviation lines shown
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In some situations, there may be more than one clear
peak at different frequencies. This would indicate significant
impedance contrasts within the total soil mass above the
rock surface. In that case it is the lowest frequency peak
that represents the fundamental resonant frequency of the
total soil mass. However, multi-peak HVSR plots may suggest
complex ground conditions and it may be necessary to
consider the effects of the various impedance contracts and
how their related resonant frequencies affect the dynamic
response of the site for design purposes. Knowledge of
the geological setting is especially important for correct
interpretation of the results. HVSR should not be used as
a standalone method. It should be supported by existing
ground information or used in combination with other
testing methods, such as SCPT.
3 SCPT
3.1 Determining Vs from SCPT
The seismic cone penetrometer test (SCPT) utilises a
conventional CPT probe coupled with a seismic module,
which enables a downhole seismic test to be done in
conjunction with a normal CPT. The test is performed
by direct push from a CPT rig. The seismic module
considered in this paper has two geophones spaced at
0.5 m apart and this is usually undertaken as a separate
push to the CPT. The push is halted every 0.5 m depth
to allow the seismic test to be carried out. The seismic
test involves hitting a beam on the ground surface close
to the CPT rods to generate a shear wave in the ground.
At the instant that the beam is hit, the geophones begin
recording and soon after a signal is recorded by the upper
geophone and then by the lower geophone. The signals
from each geophone are recorded and presented as two
waves, which are offset by a short interval of time; the
offset being the time for the wave to travel between the
two sensors. Computer software is used to cross-correlate
the two waves using curve-fitting algorithms to obtain the
time difference between the two waves. Once the time
difference is known, the shear wave velocity, Vs, over the
depth interval between the sensors can be calculated.
This specific method is described in more detail by
Marchetti, et al. (2008). The advantage of this system is
that it provides real time estimation of Vs as the test is
being carried out on site. The test is repeated a few times,
then the module is pushed to the next depth interval and
the seismic testing repeated. This continues until the
end of the sounding. The result is a shear wave velocity
measurement of each 0.5 m interval over the full depth of
the sounding. These tests have been conducted on many
sites in Auckland in the Puketoka Formation, which is a
geological unit comprising Pleistocene to Holoscene Age
sedimentary deposits of clay, silts and sands. The resulting
June 2020 • NZ Geomechanics News
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(a)

(b)

(c)

Figure 2: Examples of Vs measured from downhole seismic and estimated from CPT correlations for three
sites in Puketoka Formation soils in Auckland

Vs with depth for three of these sites is illustrated in
Figure 2 as the orange line in each plot.
It should be noted that the seismic component (S) and
the CPT component of the SCPT are independent tests
that can be done concurrently in the same push or done
as separate pushes. The CPT component provides cone
resistance, qc, sleeve friction, fs and pore pressure, u2, that
can be correlated to various soil properties via empirical or
semi-empirical correlations (e.g. Robertson 2009). There are
many correlations that have been established for estimating
Vs from CPT (e.g. Andrus, et al. 2007, Hegazy and Mayne
2006, Robertson 2009, Wair, et al. 2012). For this paper, we
are considering the correlation developed by Robertson
(2009), which is represented by Equation 2, below. This is
also the equation that is utilised in the popular computer
software program, CPeT-IT v3.0.3.2, by GeoLogismiki.
						(2)
where αvs = 10(0.55 Ic + 1.68), Ic = soil behaviour index, qt = total
cone resistance, σv = overburden stress.
The estimated Vs from the CPT data using Equation
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2 is plotted in Figure 2 as the blue lines in the plots. By
plotting both the measured Vs from the downhole seismic
test and the estimated Vs from the CPT correlation, a
comparison between the results can be made. This can
provide validation to the particular correlation that is used
or allows a site-specific correlation to be developed. If the
measured and estimated Vs values are in agreement, as
they generally appear to be in the plots in Figure 2, then
some level of confidence is provided. It is the Authors’
experience, that Vs estimated from CPT using Equation
2 compares reasonably well with Vs measured from
downhole seismic testing in the Puketoka Formations soils.
A comprehensive study of empirical correlations to Vs
from CPT was carried out in the Christchurch area using
a large database of SCPT’s (Wotherspoon, et al 2019).
That study compared a number of published correlations,
including that represented by Equation 2 (Robertson
2009). In that study, the function form represented by
the Robertson equation was found to be one of least
applicable for the Christchurch dataset, which are mainly
sandy soils. Correlation to the Auckland Puketoka soils
has not been as comprehensively studied. The purpose of
NZ Geomechanics News • June 2020
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this paper is to provide a mechanism for using Vs for site
period and subsoil classification. It is not intended to be
a comprehensive validation of the Robertson equation.
The Robertson equation (Equation 2) was chosen in this
paper due to its easy of use in the CPeT-IT software.
More experimental evidence is required, however, for the
purposes of this paper, it would appear that Equation 2
provides a reasonable estimation in these soils.

where tz is the total time (s) for a shear wave to travel
from the surface to depth z, Vsi is the shear wave velocity
(m/s) over depth interval hi (m), nz is the number of depth
intervals from the surface to depth z.
For the seismic component of the SCPT, each depth
increment, h, will be equal to the interval depth; in
this case, 0.5 m. There is potentially some error in the
calculation of tz in this approach as the depth intervals
in practice may not necessarily be perfectly aligned in
3.2 Time averaged shear wave velocity Vsz
sequence. In addition, any minor errors in the calculation
The average shear wave velocity can be calculated by
of Vs at each interval may present a larger cumulative
z
							
error. For the CPT estimated Vs values, the depth
V
sz =
						(3)
increment,
hi, can be taken as the measuring interval of the
tZ
CPT (e.g. 10 mm).
where Vsz = time averaged shear wave velocity to depth z
Figure 3(a) shows Vs with depth profiles from a SCPT
from the ground surface, and
on a site in South Auckland in Puketoka Formation
soils. This is the same site as the HSVR example given
nz
							
in Figure 1, above. The measured Vs values are from the
hi
tz =
				(4)
downhole seismic part of the test and the estimated Vs
( VSi )
i=1
values are derived from the CPT data using Equation 2.
The measured Vs and estimated Vs plots in Figure 3(a)
do not compare overly favourably, but they do follow the

Figure 3: Plots of; (a) Vs ;(b) Vsz and; (c) T with depth for site in South Auckland

June 2020 • NZ Geomechanics News

61

TECHNICAL
same general trend. The reason for the relatively poor
correlation may, in part, be due to the highly layered and
variable ground conditions at this site, which can make
the downhole seismic testing more difficult to interpret.
In addition, the seismic testing is over 0.5 m depth
intervals, whereas the CPT correlations are made at each
CPT depth measurement (every 10 mm) and so are less
comparable in these soil conditions. It is also likely that
empirical correlation from CPT is not perfect in some
of these soil layers. In general, it would appear that the
measured Vs values provide an averaged profile through
those estimated from the CPT correlations.
Figure 3(b) shows the time averaged shear wave
velocity, Vsz, plotted with depth from the same SCPT.
Both those determined from measured and estimated
Vs are plotted. These averaged Vsz plots show a better
agreement than that suggested by the Vs plots, with the
two Vsz lines coming together nicely.

Table 1: Estimates of site period from the various methods.

Method

Estimated Site Period, T (s)

Downhole Seismic (SCPT)

0.69

HVSR

0.67

Empirical correlation from CPT

0.71

There is reasonable agreement between the three
methods considering the potential uncertainty in these
methods and in the ground conditions. More weight would
be put on the downhole seismic and HVSR methods,
although the use of all three at the same location provides
a level of confidence. It would be reasonable to choose a
site period, T = 0.7 s for design purposes. This is greater
than 0.6 s, so the site would be classified as Class D in
accordance with NZS 1170.5.

3.4 Extrapolation of Vsz and T with depth
In some cases, a SCPT may refuse before reaching
rock. This may be due to impenetrable material being
encountered, e.g. gravel, or otherwise reaching the limit of
the CPT sensors. Alternatively, there may be uncertainty
that CPT refusal is indicating rock proper.
						(5)
In those cases, it may be useful to extrapolate the
Vsz and T curves. If the depth to rock is known from
where tH = total shear wave travel time (s) from the
existing information, e.g. a borehole, then these curves
ground surface to the underlying rock using Equation 4.
can be extrapolated to that depth, thus allowing T to be
Alternatively, the site period can be calculated by
estimated. If a HVSR test has also been done at the same
location, the estimated T from that test can be used for
H
			
			 comparison. In cases where the rock depth is not known,
T =4
						(6)
then the site period estimated from the HVSR test can
VsH
help estimate the rock depth by the extrapolation of the
Where H = total depth of soil from the ground surface
T curve from SCPT.
to the underlying rock, VsH = time averaged shear wave
The extrapolation of the curves is reasonable provided
velocity at depth H.
that a distinct trend can be seen in the curves and that
Equation 6 can be presented as a plot with depth, as
the data is not extrapolated too far, say, no further than
illustrated in Figure 3(c). The purpose of this plot is to
50% beyond the bottom depth of the SCPT. If the SCPT
show a trend with depth, but it is only the point at the
has reached a significant depth and there is an obvious
underlying rock interface that provides the site period.
trend, then the average shear wave velocity, Vsz, is likely to
The depth to the top of the rock as suggested by the CPT
continue to follow that same trend as changes in Vs below
refusal is 38 m. At this depth, the CPT estimated curve in
that depth will have little effect on the overall average; at
Figure 3(c) suggests a site period, T = 0.71 s. This is slightly
least over a small additional depth and provided the shear
higher than the 0.67 s estimate from the HVSR (see Figure wave velocity doesn’t change dramatically.
1). The downhole seismic testing stopped short at 33.5 m
In the above example site in South Auckland, the
depth. By extrapolating the seismic curve in Figure 3(c)
downhole seismic test stopped about 5 m short of
down to the rock depth, an estimate of site period, T =
the rock. A clear trend can be seen in the plot and
0.69 s is obtained. The method for extrapolating the curve
extrapolation over that relatively short distance would
is explained further below.
not seem unreasonable. In that case, the data correlated
We now have three independently derived estimates of from the CPT continues to the rock depth and provides a
site period from the same location. These are summarised
guide for the potential extrapolation of the seismic data.
in Table 1, below.
From Figure 3(c), it can be seen that continuation of the
Determining site period and subsoil class
The site period, T, can be estimated by four times the
shear wave travel time through the soil from the surface to
the underlying rock (NZS 1170.5:2004).
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orange downhole seismic line results in a value of T at the
rock depth slightly less than that of the blue line that was
estimated from the CPT.
To develop this extrapolation in a more quantitative
manner, the Vsz with depth relationship can be estimated
by a power function. This can be developed by plotting
(Vsz)2 with depth and considering the straight-line
portion of the graph as shown in Figure 4 below. This is
using the data form the downhole seismic part of the
SCPT for the South Auckland example site and is a sitespecific function.

Figure 4: Development of relationship
between Vsz and depth

This provides a site-specific function of Vsz with
depth as
							
						(7)
A relationship for T with depth can be determined by
combining equations (6) and (7). The resulting interpolated
plots with depth for Vsz and T are shown in Figure 5,
below. This shows only the downhole seismic data, but
similar relationships can be determined this way for the
CPT estimated Vsz and T.
4 CONCLUSIONS
The combination of SCPT and HVSR methods provides a
convenient means of determining site period and subsoil
class, particularly where depth to rock is achievable with
SCPT. The SCPT provides two independent estimates of
Vs: one measured from the downhole seismic part (S); and,
the other estimated from empirical correlations from CPT.
If done in combination with HVSR, three independent
estimates of site period can be obtained. This provides
a level of confidence in the results and allows for crossvalidation of the methods.
In the example site at South Auckland, the three
methods showed reasonable agreement in site period
estimation (within 3%). This methodology is likely to be
appropriate for the Puketoka Formation soils in Auckland,

Figure 5: Interpolation and extrapolation of Vsz and T data
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but would be equally suitable for other soil sites where
depth to rock is within 50 m depth of the ground surface.
The empirical correlation for Vs from CPT used in this
paper (Robertson 2009) appears to provide a reasonable
estimate of Vs in the Puketoka Formation soils. However,
this should not be relied on alone. More comprehensive
research in this formation is needed to confirm this
correlation or to establish a more reliable correlation.
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ABSTRACT
The shrink swell test, which combines both the shrink
strain and the swell strain, was developed in Australia in
the 1980s. This test now underpins a codified approach
to the foundation design of lightweight buildings on
expansive (reactive) soils in Australia and New Zealand.
The foundations for thousands of houses and other
lightweight structures are designed in accordance with
AS 2870:2011 based on the site soil class derived from
the shrink swell index (ISS), determined using the shrink
swell test, AS 1289:2003. A major appeal of this test is
that, with AS 2870:2011, there is clear foundation design
guidance for any site soil-class.
Auckland, like many Australian cities, is underlain by
expansive soils. The requirement for shrink swell testing
has been codified and mandated in New Zealand since
2011. As a result, there is now a substantial dataset
of shrink swell test results from New Zealand, as well
as Australia (where the test has been utilised in the
assessment of expansive soils for more than 20 years).
A fundamental rationale for using the shrink swell test
is that it evaluates the soil over both wetting (swell) and
drying (shrink) phases, so the result is independent of
the initial moisture state of the soil sample, and defines a
unique soil class related to the fundamental properties of
the soil.
However, recent analysis of shrink swell test results
from a site of single geological origin in Auckland
identified a significant variation in the shrink swell index
values, which are not independent of the initial moisture
content of the test samples, but rather are correlated
with it.
Subsequent analyses of other datasets showed a
similar trend, strongly suggesting that the soil classes are
being unduly influenced by the initial moisture content,
rather than by differences in the soil properties. Simply
put, the wetter the soil, the higher the shrink swell index.
This paper sets out the results of a critical examination
of datasets of shrink swell tests undertaken in Auckland,
New Zealand and Victoria, Australia and concludes
that based on these datasets the shrink swell test has
a significant shrink strain bias which makes it unreliable
as the sole basis for foundation design guidance on
expansive soils.
Keywords—Building damage, expansive soils, foundation
design, shrink swell test
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I. INTRODUCTION
The problems with expansive soils have been recognised
internationally for more than 50 years, and although
expansive soils occur widely in the US, the UK, India, South
Africa, Australia and China, there is no internationally
recognised test for soil shrink swell potential.
In the UK, buildings supported on London Clay became
damaged following the major Dutch elm disease outbreak
in the 1970s. After the death of millions of trees, the soils
subsequently swelled, damaging hundreds of buildings.
The UK National House Building Council (NHBC) now use
a modified Plasticity Index (PI) to assess the expansivity
(volume change potential) of soils.
Climate change is expected to increase the damage due
to expansive soils globally as climatic extremes widen and
droughts become more frequent and severe.
In Australia, some 20% of the land is covered by expansive
soils, including 6 of the 8 major cities. Because the problem is
so widespread, standards have been developed in Australia
both for the testing of shrink swell (AS 1289:2003) and for
a design approach to address the problem with foundation
design on expansive soils (AS 2870:2011).
In New Zealand, the most expansive soils occur in the
Auckland and Northland regions with clay soils containing
high proportions of montmorillonite. The problems
with expansive soils in Auckland first became a major
geotechnical issue in the 1970s when a significant number
of relatively new buildings, in new subdivisions in the
Auckland suburb of Pakuranga became damaged during
and after particularly dry summers.
The expansive soils data from beneath the damaged
houses in Auckland are summarized in a paper by
Wesseldine (1980). In the droughts of 1973 and 1974, 72
houses in Auckland were damaged by soil shrinkage. Most
of the soils beneath the damaged houses had a Liquid
Limit (LL) greater than 55 and a Plasticity Index (PI)
greater than 30. Those droughts were estimated to have a
return period of about 20 years.

Expansive soils are excluded from the definition of
“good ground”. In NZS 3604:2011 expansive soils are
defined as soils with a liquid limit (LL) greater than 50% (as
tested by NZS 4402:2.2:1986), and a linear shrinkage (LS)
greater than 15% (as tested by NZS 4402:2.6:1986).
NZS 3604:2011 is used to design over 90% of homes
and other low-rise, timber-framed buildings in New
Zealand and this standard has been around (in one form
or another) since the aftermath of the Napier earthquake
in 1931. It provides prescribed methods for the design and
construction of low-rise, timber-framed buildings to meet
the requirements of the Building Code, without the need
for specific engineering design.
The Earthworks and Geotechnical Requirements for
Land Development and Subdivision are set out in Section
2 of the Auckland Council Code of Practice dated 24
September 2013 (Version 1.6).
Expansive soils (in Australia termed reactive soils) are
soils with high shrinkage and expansion potential, and
these are recognised as “special soil types” (section 2.3.5)
in the Auckland Council Code of Practice.
In section 2.6 of the Code of Practice, the following
requirements are to be included (section 2.6.1) in the
geotechnical completion report (GCR).
“For all developments where a geo-professional
is engaged, the geo-professional shall submit a
geotechnical completion report to the developer
and the UA accompanied by a statement of
professional opinion set out in Schedule 2A. The
geotechnical report shall identify any specific
design requirements which would necessitate the
building design deviating from NZS 3604.
	The expected level of site movement from reactive
soil (expansive soils) under AS2870:1996 shall be
identified by their respective class and included
in the geotechnical completion report (GCR). The
soil properties used in determining the class are to
be recorded in the report.”

II. APPROACH TO THE ASSESSMENT OF EXPANSIVE
SOILS IN NEW ZEALAND
In New Zealand, building construction is governed by
the Building Act 2004 and associated performancebased building codes. However, like Australia, standard
foundation designs have been developed for lightweight
buildings, and in New Zealand these are set out in the
design standard, NZS 3604:2011. This standard applies to
buildings supported by “good ground”.
The identification and assessment of expansive
soils has been a requirement of NZS 3604 since 1990
and a requirement for residential land development
more recently.

In NZS 3604:2011, if the soils meet the definition of
expansive soils, then the building designer is referred
to section 17 (expansive soils), which in turn refers the
designer to various site soil classes described in
AS 2870:1996.
AS 2870:1996 had four (4) site soil classes, slightly (S),
moderately (M), highly (H) and extremely (E) expansive.
The standard has since been updated (AS 2870:2011) and
now contains five (5) classes, with the H being split into H1
and H2. Whereas H went to 70mm, H2 now goes to 75mm.
Prior to the adoption of the shrink swell test in New
Zealand, the assessment of soil expansiveness was binary.
If the soil was not expansive then, provided it passed
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other tests for strength and compressibility, the soil was
classified as “good ground” and standard foundation
designs could be applied to lightweight timber-framed
buildings.
However, if the soils were expansive, then irrespective
of other properties of strength and compressibility,
these soils were excluded from the definition of “good
ground”, and the building foundations required specific
design. Engineering judgement would then need to
be applied to determine appropriate foundation depths
and slab reinforcement. This remained the procedure
until the shrink swell test was incorporated into
NZS 3604.
With the adoption in New Zealand of the shrink swell
test and the site soil classification system based on the
shrink swell index, less reliance has been placed on the
LL and LS testing, and more reliance is placed on the
shrink swell test. One of the reasons for this has been the
published results of research in Australia which has found
poor or unreliable correlations between the shrink swell
index and Atterberg test results, in particular, LL and LS. In
November 2019, MBIE changed back to 4 site soil classes,
but with different thresholds.
III. THE SHRINK SWELL TEST
A good summary of the shrink swell test, explaining
its efficacy and history, is provided by Fityus et al. (2005).
The need for an effective measure of swell potential
had long been recognised as necessary to take out
the initial moisture content bias from core shrinkage
tests. Wet soils would shrink a lot, but dry soils
would shrink little. Measuring soil expansion was both
complex and problematic. However, a simplified
procedure was developed which bypassed the need
for measuring soil suction, based on a number of
important assumptions.
A key assumption, based on the collective experience
of the AS 2870 code committee members on expansive
soils, was that the magnitude of the suction change that
corresponds to the soil volume change equals 1.8pF units
for all soils.
Another assumption was that whilst the soil shrinkage
test was unconstrained (the soil could freely shrink
in all directions), the swell test was confined in an
oedometer ring. It was assumed that this lateral restraint
would be redirected into the vertical direction, thereby
overestimating the swell strain. It was therefore decided to
divide the swell strain in half.
Accordingly, the committee decided that the shrink
swell test could be made attractive to routine geotechnical
practice by adopting these values for all soils, in all tests,
and thereby circumventing the need to determine suctions

68

through direct measurement. The shrink swell index is
therefore defined as:

ISS =

Sh ri nk

+

1
2 Swel l

1.8

The justifications for the assumed values of 2 and 1.8 are
well canvassed in Fitysus (2005). The shrink swell index
(ISS) value is then used to calculate the characteristic soil
movement at the ground surface (y S), which enables the
placement of the soils into a particular soil class under
AS 2870:2011. This standard does suggest variations based
on rainfall and the Thornthwaite Moisture Index (TMI) of
the soil.
A number of assumptions also need to be made
in taking the values to obtain values. For Auckland
conditions it is usual to assume values of HS =1 .5
and
S = 1.2. The crack depth is typically assumed
1
to be
.
H
2 S
For Auckland soils the correlation between shrink swell
index and the characteristic surface movement is set out
in a study for BRANZ by Brown et al (2008) according to
the table below:
Shrink swell index (ISS) (%)

Characteristic surface
movement (yS) (mm)

1

10.8

2

21.6

3

32.4

4

43.1

5

53.9

6

64.7

7

75.5

In effect, all else being equal, this indicates that the
characteristic surface movement at the ground surface
(y S in mm) can be taken as approximately 11 times the
shrink swell index (ISS) value for a 300 year return period
(RP) drought.
For shorter or longer return periods, the BRANZ report
suggested the following scaling factors:
Return Period (years)

Scaling Factor

20

0.65

50

0.78

100

0.88

300

1.00

500

1.11

1000

1.12
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Accordingly, for Auckland soils this gives in the following
correlations:
ISS (%)

yS (mm)
300 years

yS (mm)
500 years

yS (mm)
1000 years

1

11

12

13

2

22

24

27

3

33

37

40

4

44

49

53

5

54

61

67

6

65

73

80

7

76

85

93

Depending upon the y S values, the soil tested is
assigned a corresponding site soil class. The site soil
classes in AS 2870:2011 are:
Site Soil Class

Relative Expansion

S

Slight

Site Soil Class

Relative Expansion

Typical foundation
depth (mm)

S

Slight

450

M

Moderate

600

Characteristic surface
movement (yS) (mm)

H1

High

750

H2

High

900

0–20

E

Extreme

1050 or piles

M

Moderate

20–40

H1

High

40–60

H2

High

60–75

E

Extreme

75 and greater

In November 2019, MBIE made the following
amendment to the site soil classes in New Zealand
Site Soil
Class

Relative Expansion

Characteristic surface
movement (mm) for
500 year RP

S

Slight

0 -22

M

Moderate

22-44

H

High

44-78

E

Extreme

78-90

MBIE also changed the performance requirements for
expansive soils to be: SLS for a 500 year RP drought and
ULS for a 1000 year RP drought.
The slightly expansive soil classification (S) is not
entirely consistent NZS 3604, which classifies “good
ground” as soils which shrink and swell less than 25mm.
AS 2870 suggests that the frequency of testing for
expansive soils should be about 3 tests per residential
allotment (site), but that for subdivisions where the soils
are fairly uniform in both depth and extent the frequency
could be one test per 3-5 sites. This latter approach has
been adopted for soil index testing on subdivision blocks
and stages in Auckland.
Depending on the site soil class, the foundations of the
buildings in the block can then be designed using standard
June 2020 • NZ Geomechanics News

design approaches set out in AS 2870.
Soil shrink swell testing has therefore been routinely
undertaken on blocks, within subdivision stages. Based
on the test results, these blocks have been put into site
soil classes.
The site soil classes are then reported in a GCR,
which does not usually make foundation recommendations,
leaving the foundation design to the particular building
designer.
The site soil classifications are routinely used to
determine both foundation type and foundation depth,
such as:

IV. GROUND SURFACE MOVEMENTS
AND SITE SOIL CLASSES
The ability of the shrink swell test to accurately
predict ground movements was considered in a major
experimental study by Cameron (1989). That study, and
subsequent studies by Fityus (1996) appeared to confirm
that the shrink swell test gave an accurate indication of the
expansiveness of a soil, and that the simplified shrink swell
index value could be used to give an accurate prediction
of soil surface movement.
The cost and time of the shrink swell test was seen
as an impediment, and hence there has been a lot of
work looking at possible correlations between other
established measures of soil behavior, including liquid limit,
plastic limit (PL), and linear shrinkage. Most studies have
generally concluded that there is no reliable relationship.
Accordingly, it does not appear that simpler and less
expensive tests which measure LL, PL or LS can substitute
for carrying out a shrink swell test, nor (perhaps more
importantly) vice versa.
An apparent advantage of the shrink swell test over
the Atterberg tests is that the latter are undertaken on
“remoulded and screened soils, whereas the shrink swell
tests are usually conducted on relatively undisturbed
natural soil specimens, sampled with “thin walled
sampling tubes””. Moreover, the shrink swell test can
be “reliably performed by laboratory technicians with
limited experience, with relatively rudimentary laboratory
equipment and at relatively low cost.”
For these reasons the shrink swell test has achieved
“widespread adoption into routine Australian practice”
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being used in “all geographical areas of Australia, and
in all geological environments that include recent to
ancient alluvial soils, and residual soils derived from both
sedimentary and crystalline rocks”.
Unsurprisingly, the results of these and similar findings
have led to fewer and fewer Atterberg tests being
undertaken, and more and more shrink swell tests being
undertaken. The conclusions of Fityus et al. (2005) must
be considered in full:
“The shrink swell test is a simple and economical test
that is performed on undisturbed clay soil samples to
yield a reactivity index that enables free surface ground
movements to be predicted. It has been employed in
routine geotechnical practice in Australia for the past
20 years, and during that period, it is considered to have
served the Australian geotechnical industry well. The
successful, widespread adoption into Australian industry
practice is due to several factors.
Firstly, it has a rational and intuitive basis, making it
attractive to practicing and geotechnical engineers. In
particular, the test evaluates the soil over the full range of
volume change, not just the swell or the shrinkage phase,
thereby making the method independent of the initial
moisture state of the soil.
Secondly, it involves a simple and economical laboratory
test that can be performed on a routine basis, without adding
excessively to the cost of light residential construction.
The inherent simplicity of the shrink swell test derives
from several simplifying assumptions that effectively avoid
the physical measurement of soil suction. On the basis of
available research, and a quantitative assessment of the
successful employment of the shrink swell test in routine
practice, the error introduced by these assumptions is
considered to be acceptably small.”
In the opinion of Fityus et al (2005), the “design of
foundations, guided by the results of shrink swell testing,
is successful in the vast majority of cases, considered in
the context of both achieving adequacy in design, and
avoiding significant over design”. Indeed, a key appeal of
the test is that, with AS 2870:2011, there is an off-the-shelf
foundation design solution for any particular site soil class.
As noted by Fityus et al. (2005), “despite its relative
successful adoption in Australia over the past 20 years or
so, its existence and use within Australia are not widely
known by the international community. The method
employed in Australia has never been described in
international literature.”
The stated purpose of that paper was to “raise the
international awareness of the method of assessing
expansive soils that is broad enough in its scope to be able
to be applied successfully and in a general way, to soil
conditions as widely varying as those found in Australia.”
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Based on the strength of those authors’ claims concerning
the reliability of the shrink swell test, together with studies by
Brown et al (2008) that supported its suitability for a range of
Auckland soils, the Australian approach to shrink swell testing
and foundation design based on the simplified shrink swell
index was adopted in New Zealand.
By 2011 the shrink swell test (AS 1289.7.1.1 2003) and the
slab and footing design approach (AS 2870:2011) had become
codified into required geotechnical practice in New Zealand,
mandated within the New Zealand Building Code and the
New Zealand Standard for the design of lightweight timberframed buildings (NZS 3604:2011), and Codes of Practice for
Land Development and Subdivision.
Because AS 2870:2011 also applies to masonry buildings,
building designers in New Zealand have also adopted the
standard foundation solutions in AS 2870:2011 for those
as well.
Auckland, like many of the cities in Australia, is underlain
by expansive soils. The mandated requirement for shrink
swell testing has resulted in a substantial dataset of shrink
swell test results. The adoption of the shrink swell index
has also resulted in many hundreds of residential building
foundations being designed on the basis of the site soil class.
The fundamental basis for adopting the shrink swell test is
that the “the test evaluates the soil over the full range of volume
change, not just the swell or the shrinkage phase, thereby
making the method independent of the initial moisture state of
the soil” (Fityus et al (2005), emphasis added).
However, other expansive soils experts and researchers in
Australia began to question the efficacy of the shrink swell
test, and a recent paper (Hargreaves, 2017) has suggested
that the shrink swell test has an initial moisture content bias.
Hargreaves first raised these concerns in 2008. If the test is
unreliable in Australia, then could it also be unreliable in
New Zealand?
V. A CRITICAL EXAMINATION OF THE SUITABILITY
OF THE SHRINK SWELL INDEX
Shrink swell data from a site in Auckland was critically
analysed. Soil mapping of the site in 2004 indicated that the
same montmorillonite clay-rich geology was present across
almost the entire site.
These soils are characterised by their expansiveness and
their instability at only moderate slope angles. Soil creep is
also a common process, confirming the shrink swell behavior
of the soils
Plotting the initial moisture content against the shrink swell
index clearly indicates that the principal variation in the shrink
swell index can be determined from the initial moisture content.
The wetter the soil, the higher the shrink swell index.
Figure 1 shows plots of the shrink swell test data for the
Auckland 1 site.
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The implications are significant. Essentially the same soil,
the test results span across a wide range of index values.

Although less apparent than for the Auckland North 1
site, the Auckland metropolis test data also clearly shows
the same trend: the higher the water content, the higher
the shrink swell index.
To investigate this issue even further, shrink swell tests
from an Auckland site with similar soils were analysed.
These soils are mainly derived from Quaternary alluvium
and soft Tertiary age sedimentary rocks of the East Coast
Bays Formation.
The aggregated results for the entire Auckland 3 site
are shown in figure 3.

Figure 1: Plot of the shrink swell index against initial moisture content
for the Auckland 1 site

Analysis of other shrink swell datasets from a wide
range of soils across other Auckland sites shows similar
trends. An amalgamation of test results from four sites in
the Auckland metropolis is shown in figure 2.

Figure 3: Plot of the shrink swell index against initial moisture content
for the Auckland 3 site

Figure 2: Plot of the shrink swell index against initial moisture content
for several Auckland metropolis sites with soils derived from
sedimentary rock, Quaternary alluvium and volcanic ash
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Again, in general the wetter the soils the higher the
shrink swell index. This site is divided into a number of
blocks, and data for the larger individual blocks are shown
in figures 4 to 7.
Clearly these results are not those which would be
expected from a test that purportedly removes the initial
moisture content bias.
An initial thought was that New Zealand soils might
be very different from Australian soils, not because of
clay mineralogy, but because of their time, depositional
and stress history. Droughts are rare in New Zealand but
common in Australia.
In 2005, as a dissertation towards a BE degree, David
Earl submitted his research into correlations between the
shrink swell index and Atterberg limits for soils within the
Shepparton Formation, from sites in the Upper Murray
Basin in Victoria, Australia.
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Examination of Earl’s dataset of shrink swell test results
for 29 Australian soil samples of the same soil (Quaternary
alluvium) shows a similar trend, as shown in figure 8.
Other published results from studies of the shrink swell
index of Australian soils have shown similar trends. Li et al.
(2016) plotted shrink swell indices against both initial and
final water content for a wide variety of metropolitan sites
in Melbourne, as recreated figure 9.

Figure 6: Plot of the shrink swell index against initial moisture content
for the Auckland 3 site, Block C

Figure 4: Plot of the shrink swell index against initial moisture content
for the Auckland 3 site, Block A

Figure 7: Plot of the shrink swell index against initial moisture content
for the Auckland 3 site, Block D

Shrink swell test data for a range variety of sites in New
South Wales and Queensland as shown in Figure 10.
The moisture content data for the Li et al. (2016)
dataset were obtained graphically. It shows a similar trend
to the Auckland 1, Auckland 3 and Auckland metropolis
sites and Upper Murray Basin site.
Figure 5: Plot of the shrink swell index against initial moisture content
for the Auckland 3 site, Block B
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Earlier work by Zou (2015) on the same data used by
Li et al. (2016) provided the individual shrink strain and
swell strain components for the 60 shrink swell tests in the
amalgamated Melbourne metropolis dataset used in
this paper.

Figure 8: Plot of the shrink swell index against initial moisture content
for the Upper Murray Basin, Victoria site

Figure 10: Plot of the shrink swell index against initial moisture content
for several sites in New South Wales (NSW) and Queensland (QLD).

Figure 9: Plot of the shrink swell index against initial moisture content
for several metropolitan Melbourne sites

Li et al. (2016) made a comment in the abstract that
“the study indicated that there is a significant variation in
results across any particular soil type and that a blanket
estimated value based on that soil type may not be
entirely appropriate”.
This key observation was not, however, repeated
within the body of the paper nor was it included as
a conclusion.
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To gain a better understanding of the shrink swell
test results, the individual strains were plotted against
the shrink swell index for each test. The results for the
Auckland 1 site (188 test results of the same essentially
the same soil) are shown in figure 11. This figure clearly
demonstrates that the shrink swell index value for the
Auckland 1 site is being driven by a shrink strain bias, not a
swell strain bias.
The average shrink test strain is about 4.75%, whereas
the average swell test strain is only about 0.21%. Based on
the formula for the shrink swell index, it is clear how the
shrink test strains, being about 20 times greater than the
swell test strains, would dominate.
Evidently, the swell test strains contribute very little
to the resulting shrink swell index value. The simplified
shrink swell index is based on the assumption that there
is a swell strain bias, and hence the swell test result needs
to be divided by 2. This assumption is undermined by the
analysis of our datasets.
The individual strains for the Auckland metropolis sites
are shown on figure 12, and the individual strains for the
aggregated Auckland 3 site are shown in figure 13.
The Australian data sets are shown in Figures 14 to 16.
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Figure 11: Plot of shrink test strains (left) and swell test strains (right)

Figure 13: Plot of shrink test strains (left) and swell test strains (right)

against the shrink swell index for the Auckland 1 site

against the shrink swell index for the Auckland 3 site

Figure 12: Plot of shrink test strains (left) and swell test strains (right)

Figure 14: Plot of shrink test strains (left) and swell test strains (right)

against the shrink swell index for the Auckland metropolis site

against the shrink swell index for the Murray Basin site
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Figure 15: Plot of shrink test strains (left) and swell test strains (right)
against the shrink swell index for the Melbourne metropolis sites

These datasets clearly show an overwhelming shrink
strain bias, in both the New Zealand and the Australian
soils analysed. It is therefore important to go back and
revisit the data that Fityus (1996) based his conclusions on,
and which ultimately formed the basis for the acceptance
of the ISS test and AS2870 into the New Zealand codes
of practice.
Fityus (1996) has data plots (figures 17 and 18) showing
the swell strains clearly decreasing with increasing
moisture content, and the shrink strains doing the reverse;
increasing with increasing moisture content. These data
plots have been recreated by digitizing the plots in the
paper, not from the raw data.
However, these are shown to illustrate what would
be expected for other datasets assuming the validity of
the shrink swell test if it held true for other soils in
other climates.
The data sets analyses in this study were then
compared to the original plots by Fityus (1996) to see if
those plots of shrink strain and swell strain versus initial
moisture content could be reproduced for the sites and
soil analysed in New Zealand and elsewhere in Australia.
When the initial moisture content is plotted against
the respective strains individually, as in figure 19 for the
Auckland 1 site, we see that there is a fairly positive
correlation between the shrink test strain and the moisture
content, which is what we would expect. However, for the
swell test strain there is essentially no correlation at all.

Figure 16: Plot of shrink test strains (left) and swell test strains (right)
against the shrink swell index for the NSW and QLD sites
Figure 17: Plots of shrink test strain (upper) and swell test strain (lower)
against initial moisture content for the idealized soil dataset
Fityus 1996)
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Since the shrink test strain is defined as,
L wet Ldry , it follows that the shrink test result
=
Shrink
		
is basically determined solely by the
L wet
initial and final sample lengths. This is shown in figure 20.

Figure 18: Plots of shrink test strain (upper) and swell test strain (lower)
against initial moisture content for the Maryland dataset (Fityus 1996)

Figure 20: Plot of final (dry) length against initial (wet) length for the
shrink strain test data for the Auckland 1 site

Figure 19: Plots of shrink test strain (upper) and swell test strain (lower)
against initial moisture content for the Auckland 1 site

These findings raise two issues. Firstly, the relative sizes of
swell and shrink strains are not comparable, so the ISS formula
is disproportionally influenced by the shrink test strain.
Secondly, the swell test does not seem to be at all
correlated to the sample’s initial moisture content, so
combining the shrink and swell strains in a manner
independent of moisture content does not seem possible
in the first place.
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The diagonal black line is the L wet = Ldr y line, so we can
interpret the plot in the following way: points are initially on
the black line, and then after the drying during the shrink
test, the points move vertically downwards to the plotted
location.
The larger the movement, the larger the shrink strain,
and hence too the shrink swell index. The lighter shading
corresponds to the initial moisture content, and as
expected, the samples with high moisture contents are
able to shrink to a greater degree (so they are further from
the black line).
Other shrink strain and swell strain versus initial
moisture content plots for the other Auckland sites are
shown in figures 21 and 22.
The shrink strain and swell strain versus initial moisture
plots for other Australian sites are shown in figures 23 to 25.
Plotting data from sites in Auckland, Victoria, New
South Wales and Queensland have been unable to
replicate the plots presented in Fityus (1996).
These figures show the general lack of correlation
of greater swelling with increased moisture content.
These latter results are perhaps not as surprising as in
other datasets since the data is amalgamated from tests
conducted of many different soil types and, in figure 25,
widespread geographic areas as well.
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The large magnitudes of swell strain in the Melbourne
metropolis dataset certainly better support the shrink swell
index formula, but the influence of the initial moisture content
is still evident due to the lack of any correlation between
moisture content and the swell strain (figure 24).

Figure 23: Plots of shrink test strain (upper) and swell test strain
(lower) against initial moisture content for the Murray Basin site

Figure 21: Plots of shrink test strain (upper) and swell test strain (lower)
against initial moisture content, for the Auckland metropolis sites

Figure 24: Plots of shrink test strain (upper) and swell test strain
(lower) against initial moisture content for the Melbourne
metropolis sites

Figure 22: Shrink and swell strains plotted against initial moisture
content for the Auckland 3 site

The results further reinforce the findings presented in
this paper and confirms the shrink swell index has both a
shrink strain and initial moisture content bias.
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The overall pattern is remarkably consistent across all
datasets, encompassing over 1000 shrink swell tests from
3 sites in Auckland, 2 sites in Victoria and numerous sites
in New South Wales and Queensland. The swell test has
almost no influence on the shrink swell index. The shrink
swell index is dominated by the shrink test which has a
marked initial moisture content bias.

77

TECHNICAL

Figure 25: Plots of shrink test strain (upper) and swell test strain
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(lower) against initial moisture content for the New South Wales and

Figure 26: Plot of the shrink swell index against initial moisture content

Queensland sites

for the Auckland 1 site

These findings have important implications for current
foundation designs on expansive soils in New Zealand, and
most likely for Australia as well.
Given the importance of the shrink swell test in
foundation design, it is surprising that there is such a
paucity of critical analyses of Australian shrink swell
test data sets, and an almost complete absence of any
concerns around the shrink swell test.
A notable exception is a paper by Hargreaves (2017)
who concluded, based on the data analysis, that “whilst not
conclusive, there is a strong trend towards higher shrink/swell
values being derived from wetter initial soil moisture values.”
Hargreaves (2017) also reported that, “whilst many
Australian consultants believe that the shrink/swell
test has served them, and the Australian Geotechnical
community well over the last 20 years, these consultants
have never been faced with the situation where they have
carried out a test on essentially dry samples, derived their
value, only to be confronted years later with a distressed/
cracked dwelling and an investigating engineer who has
tested an essentially wet sample, and derived a ys value
between 30% and 40% higher than the original test and
then lays a claim of “under classification” by the original
consultant, which is difficult and sometimes impossible to
defend in court.”
The shrink swell test results from 188 tests of the same
soil at the Auckland 1 site have been overlain with the
site soil classes for a 500 year return period drought in
figure 26.

This clearly demonstrates the dilemma articulated by
Hargreaves (2017). If the soil is relatively dry, then it will
produce a lower shrink swell index than when it is wet.
This difference might merely reflect the day the soil
was sampled.
VI. CONCLUSION
Analysis of the soils tested suggests that for the datasets
examined there are most likely no significant differences
in the soils or fundamental soil which would account for a
wide scatter of shrink swell index values in our test
data sets.
It appears that the wide range of the shrink swell test
results mostly reflect the initial moisture content of the
soils. The wet soils have shrunk upon drying, but the dry
soils have not swelled upon wetting to anything like the
same extent.
Only the Melbourne metropolis datasets and that of
Fityus (1996) show appreciable swelling. The shrink swell
test was developed specifically to remove the initial
moisture content bias, but the Auckland soils, in particular,
are being dominated by the initial moisture content and
the core shrinkage.
The soils that were tested by Fityus (1996) and Cameron
(1989), and which formed the basis of the shrink swell
index, evidently had very high swell potential, so much
so that the very design of the shrink swell index seeks to
take out the swell test strain bias by dividing the swell test
strain by 2.
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The two outlier test results of the Upper Murray Basin
dataset (figure 14) also had high swell potential, where the
initial moisture content was only 8% and the final moisture
content almost 25%. That sample had a swell test strain
bias of 9 times the shrink test strain.
The Melbourne metropolis dataset also shows
considerable swell test strains, but not enough to warrant
a factor of 2. Rather than confirming a swell strain bias of
2, analysis of the Auckland datasets clearly shows the bias
is the other way, with an average shrink test strain bias of
some 20 to 200 times the swell strain.
The results of the analysis outlined in this paper show
that, as currently formulated, the shrink swell test and the
shrink swell index are not suitable as the sole basis for
determining foundation design on expansive soils
in Auckland.
Based on the analysis of more than 1000 shrink swell
tests undertaken in New Zealand and Australia, it is clear
that the simplified shrink swell test does not remove the
core shrinkage test initial moisture content bias. Wetter
soils are therefore likely to have much higher shrink swell
indices than drier soils.

In Auckland, and also in some areas of Victoria
(especially upper Murray Basin) the swell test strains are
contributing little, if anything, to the shrink swell index.
Most soils have a very strong shrink strain bias, and not the
swell strain bias that the ISS formula envisages. Moreover,
even in the Melbourne metropolis dataset where there
was little, if any, shrink strain bias, there was still a very
strong initial moisture content bias, even across a wide
variety of soil types.
The findings of Hargreaves (2017) also suggest that the
shrink strain bias of the shrink swell test might be a lot more
prevalent in Australian soils than has been reported to date.
The implications for the geotechnical consulting community,
as well articulated by Hargreaves, are concerning.
For soils that have been assigned a high expansive
soil classification (H or E), then these are most likely
representative and accurately reflect the soil’s relative
expansiveness. However, where soils have been assigned a
site class of S or M based on a shrink swell test (ISS) result
alone, this soil could, in fact, be more expansive. This could
possibly have been identified if the LL and LS testing had
been done first.
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TECHNICAL
Given the initial moisture content influence on the
shrink swell index, it is not surprising that no clear
correlations have been found between the shrink swell
index and Atterberg tests that better reflect the behavior
of the soil, such as liquid limit, plastic limit and linear
shrinkage. The shrink swell index has both initial moisture
content and shrink strain biases.
The widespread abandonment of these methods has
been on the basis that the shrink swell result must be
more reliable, but based on our analysis of the available
datasets, this does not appear to be correct in general.
Accordingly, further research is warranted to find
a more reliable method of identifying expansive soils.
Hargreaves (2017) recommended that “there is enough
evidence around Australia for consultants to stop relying
on the shrink/swell test, however as it is embedded into
various standards and legislation this will not happen
overnight, if ever.”
The results of this study present compelling evidence
that in New Zealand consultants should also stop relying
on the shrink swell test. The test is critically flawed.
Of the 25 houses damaged in Auckland and reported
by Wesseldine (1980), 22 (88%) of the soils beneath the
damaged houses had a LL greater than 55 and a PI greater
than 30. Atterberg tests therefore present an avenue
worth exploring further.
Consideration could be given to the approach adopted
by the UK NHBC, which takes into account the fines
fraction and the Plasticity Index, to derive a volume
change potential (VCP). This approach is supported by a
database of over 11000 test results. Climatic conditions in
New Zealand are much more similar to the UK than
to Australia.
This approach is also supported by research undertaken
by Smith (2017), which considered the clay fraction and
not just the fines fraction in association with Atterberg
test data.
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Introducing the clip on-clip off RockAnvil for Scala Penetrometer
By Jack Farrow, RockAnvils Limited

Jack Farrow

Robert Smith

Jack Farrow and Robert Smith started RockAnvils in 2018 while
both working for an Engineering Consultancy in Christchurch.
Robert Smith, originally from Fiji, has over 15 years of
Geotechnical Engineering experience throughout New Zealand
working with several consultancies throughout this time. Jack
Farrow, originally from the UK, has over 6 years of geotechnical
experience in both New Zealand and England working with
drilling companies and engineering consultancies.

THE SCALA PENETROMETER (SP) or Dynamic Cone
Penetrometer (DCP) is a tool used to measure the
penetration resistance of in-situ soils. It is an arbitrary
method of testing soils, but it is used for its cost
effectiveness, durability and efficiency in which results can
be obtained for a site. The results can also be converted
into a California Bearing Ratio (CBR) estimation which is
useful for the design of pavements and roading.
The equipment itself was developed by A.J. Scala in
1956 but the concept has been around for generations.
Since its development it has been widely used and
accepted across New Zealand and Australia and has been
incorporated into the Australia Test Method Standard
CRB 402.01 and Standards New Zealand NZS 4402
Test 6.5.2:1998.
SCALA OVERVIEW:
The anvil component of the equipment is a standard,
hardened steel threaded attachment that connects the
‘Guide Rod’ and ‘Drop Weight’ with the ‘Penetrating Rod’.
It is evident that the process of screwing the anvil onto
each penetrating rod is hard work and time consuming.
As most people who have used this equipment would
agree, the thread can become easily damaged or can
become clogged with soil which makes the process
significantly harder and more time consuming. The
threaded connection can cause repetitive strain injuries
(RSI’s) to users as the screwing process requires repetitive
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movement of the wrist and forearm every time the
equipment is screwed on and off each penetrating rod.
This threaded connection also allows for one significant
misuse of the equipment; ‘reverse scala-ing’. This is the
(incorrect) process by which the weight is used to hit
the ‘stop’ in order to bring out the penetrated rods. This
process significantly increases the chance of equipment
breakage and may also cause significant bodily harm.
These disadvantages of the existing anvil led to creation
of an innovative product that could solve these issues
whilst still providing the necessary specifications to meet
the NZ standards.
In 2018 Robert Smith and Jack Farrow embarked on
a mission to create a product that would attach to each
‘penetrating rod’ quickly and effectively and that could
retro fit to existing equipment across the industry. It also
needed to be able to improve the Health and Safety flaws
with the original anvil. Thus, the innovative RockAnvil
was developed.
The RockAnvil works by having an elongated neck with
a ‘spring steel’ clip near the bottom that locks into the
groove on every ‘penetrating rod’. These grooves on each
penetrating rod are there to disconnect any rods that may
become stuck with spanners. The spring steel clip on the
RockAnvil uses this ‘groove’ to connect the anvil onto each
rod. Using a lower strength of steel for the clips allows for the
anvil to be turned and the clip to be pushed wider in order to
easily connect and disconnect the anvil, weight and guide rod.
The RockAnvil solves the primary issues with the
original Anvil. The ‘clip & twist’ locking mechanism is a fast
and easy method for testing with multiple ‘penetrating
rods’. This is because the anvil no longer needs to be
screwed and un-screwed onto each rod and is instead
simply pushed, twisted and pulled on and off each rod,
significantly decreasing the time it takes to use this
equipment. This also reduces any RSI’s associated with the
threaded connection of the original anvil.
The RockAnvil does not allow the user to ‘reverse scala’
as the ‘spring steel clip’ at the base of the anvil will either
break or disconnect from the penetrating rods if significant
force is applied to the ‘stop’ on the guide rod. This, in
turn, reduces the Health and Safety hazards associated
with using the Scala Penetrometer as users can no longer
inappropriately use the equipment to ‘reverse scala’.
The ‘spring steel clip’ also reduces breakages as the stress
of the hammering weight is no longer applied to the
threaded connection.
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The steel 20mm cone
tip is pushed into the
ground by dropping a
9.01kg hammer weight
from a height of 510mm
The number of drops
of the hammer to
achieve a 50/100mm
penetration is
recorded and this
data can indicate a
bearing pressure
and an estimation of
the CBR

TECHNICAL
The RockAnvil is connected to the
guide rod. We recommend using
‘thread locker’ or a similar product
to ensure the guide rod is locked
into the RockAnvil tightly.
The RockAnvil can then be placed
onto a ‘Penetrating Rod’. Make
sure the hand holding the rod is
clear and push the RockAnvil down
onto the rod.

Once testing is complete the

Once the RockAnvil is on the rod a

RockAnvil can be again quarter

quarter turn will lock the RockAnvil

turned and simply pulled from

in place. The RockAnvil will appear

the ‘penetrating rod’.

to go loose, however this confirms
the anvil is connected and can be
tested by pulling the RockAnvil
gently ensuring it catches on the
‘penetrating rod’.

It has been found that Scala equipment in use across
New Zealand often shows minor variations between
sets with differences in the diameter of the ‘penetrating
rod’, the length of the ‘guide rod’ and other variations. To
overcome such fix issues with the differing Scala rod sizing,
RockAnvils Limited has developed the Mark II of the Anvil.
Miyamoto, LDE, Rileys and Coffey are among the
consultancies that tested the equipment. There was great
positive feedback success with many confirming that the
RockAnvil helped users in the field.
RockAnvils has provided its product to many more
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consultancies throughout New Zealand and is looking at
further redesigning and improving the product. Other
aspects of the equipment are also being investigated to
help users quickly and safely use the Scala Penetrometer.
RockAnvils Limited is always looking for more companies
to try out the equipment and provide feedback and would
welcome anyone to get in touch for more information or to
order some RockAnvils to try.
Check out the website at www.rockanvils.com and/or
contact jack@rockanvils.com or robert@rockanvils.com
for further information.
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Waka Kotahi looking to adopt New South Wales RMS Assessed
Risk Level approach.

FOLLOWING THE SUCCESSFUL trialling of the
Australian New South Wales (NSW) Roads and Maritime
Services (RMS) Assessed Risk Level (ARL) for slope risk
assessment and mitigation works identification, Waka
Kotahi is looking to adopt the NSW ARL approach for
future projects.
Currently Waka Kotahi assess slope risks through
their Network Outcomes Contractors as part of their
prescribed process presented in the annual plan
instructions where a Rockfall Hazard Rating (RHR) is
determined for troublesome slopes. From these ratings
Waka Kotahi remediates/mitigates slopes of concern
through engagement of consultants for design followed by
procurement. Currently they have no method or approach
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to identity whether such designed schemes attain an
acceptable level of risk.
The NSW ARL approach requires inspections and
assessments to be undertaken by accredited persons.
Currently accreditation can only be obtained by attending
the accredited course in Australia. In line with their
intent to continue with this approach, Waka Kotahi has
developed its own accreditation course which will cover
the new Waka Kotahi/NZTA ARL approach, being a variant
of the NSW approach. Successful accreditation will be
required to undertake slope assessments on behalf of
Waka Kotahi.
Waka Kotahi is currently preparing its country
amendment which will detail the parts of the NSW RMS
approach that will be adopted together with a small
number of modifications to align better to New Zealand
conditions.
The first course was intended to run in March 2020 but
was postponed due to Covid-19. A revised date in October
is currently being worked on and Waka Kotahi will likely
run two courses centred in the North Island and will look
towards another course (or two) in 2021 possibly in the
South Island.
Upon successful completion of the course, participants
will be accredited to undertake slope assessments for
Waka Kotahi. Those who are considered to fall short of
accreditation will be required to undertake a determined
number of assessments under the supervision of an
accredited person before being accredited; and those
either failing the course, or unable to complete it, would
need to redo the course (if they wish at further cost).
Accreditation will be valid for five years at which time
evidence that slope assessments have been undertaken
will be required and, subject to satisfactory demonstration,
accreditation will be extended for a further five years.
Those unable to demonstrate they have been undertaking
slope assessments may be required to undertake a
refresher course and/or work under supervision.
Those seeking more information can contact
ARL_Course@nzta.govt.nz
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Liquefaction Assessment of
Reclaimed Land at CentrePort
Riwaj Dhakal(1), Misko Cubrinovski(1), Jonathan D. Bray(2)
(1)Department

of Civil and Natural Resources Engineering, University of Canterbury, Christchurch, New Zealand; (2)Department of Civil and Environmental Engineering, University of California, Berkeley, USA

MOTIVATION

• 2016 Mw7.8 Kaikōura earthquake caused extensive liquefaction and
damage to land and structures at CentrePort, Wellington.

• Damage observations provide an opportunity to evaluate and scrutinise
current liquefaction procedures for non-standard soils (e.g. gravelly fill
and silty soil).

Summary of liquefaction damage from the 2016 Kaikōura earthquake.

SITE DESCRIPTION

• Different construction methods and materials used for the reclamations:
end-tipped gravel-sand-silt mixture; hydraulically-dredged silt and sand
• Various ageing effects: constructed from the late 1800’s to 1976
• Reclamation fill varies in depth from 5 m to 22 m

• High-quality CPT (cone penetration test) characterisation of the fills

Map of CentrePort with reclamation zones and key site investigations.

SOIL CHARACTERISATION

SITE CHARACTERISATION
Gravelly fill characteristics:

• CPT qc = 6-8 MPa & Ic = 1.9-2.3 correspond
to silty sand behavior, not gravel behavior

WINNER

• Spikes in qc (e.g. 5.2 m and 6.6 m depths in
CPT058) reflect localised increase in tip
resistance due to gravel-size particles
Hydraulic fill characteristics:

• Two distinct soil types characterised:

➢ Silty sand: qc = 3.7-4.9 MPa & Ic = 2.0-2.1

➢ Silts and clays: qc < 2.0 MPa & Ic > 2.6

Grain-size distribution curves of pre- and post-earthquake soil samples and ejecta
samples collected at CentrePort. Gravelly fill contains as much as 70% gravel-sized
particles, but at least 30% sand and non-plastic silt that control the soil matrix.

• Deposited in intermittent layers (few cm to
m-thick) with limited horizontal and vertical
continuity

CPT058 & borehole log of gravelly
fill at Thorndon reclamation.

SIMPLIFIED LIQUEFACTION ASSESSMENT
Key findings from liquefaction triggering and vertical settlement estimates:

• Triggering of liquefaction estimated across all reclamation zones; consistent with observations

• Triggering analysis alone doesn’t discern differences between the severity of liquefaction
• Calculated settlement estimates perform well for CPTs in free-field conditions (> 60 m from the edges)
• Large underestimation of settlements at CPTs < 25 m from the edge (areas affected by spreading)

Liquefaction triggering results.

Estimated settlements compared to measured vertical displacements.

Key findings from mapping of results:
• LSN and LPI correctly show trends of more damage at southern end of the port, and minor settlement at the
northern end; consistent with observations
• Inconsistencies between estimated and measured settlement trends (e.g. overestimated in the gravelly fill north
of the buried seawall) due to simplifications adopted in the analysis

PUBLISHED PAPERS OF THIS STUDY:

The judging panel of the above
competition has looked at
the posters, and they have
decided the following winners:
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1ST PLACE: Ribu Dhakal (PhD, University of Canterbury)
2ND PLACE: Angela Robinson / Hasara Ranchagoda
(BE(Hons), University of Canterbury)
3RD PLACE: Sam Buckner (PMEngGeol, University of
Canterbury)

Interpolated contours of: (a) Calculated LSN; (b)
Calculated LPI; (c) Calculated vertical settlement
estimates; and (d) Measured vertical movement.

Congratulations to all our
winners. And our thanks to all
other entries; we are continually
amazed by the high standard of
the posters we receive.
NZ Geomechanics
NZ Geomechanics
NewsNews
• December
• June 2020
2019

C. Recycle

B. Reuse

✔

✔

A. Avoid

Courtesy of Waikato Regional Council

Underlying
soil

i.e. top half of shear box

FOR MIX

GRAVEL & RUBBER

Figure 2. Schematic showing overall idea highlighting Zone A
i.e. interface of interest in this study.

Granulated
rubber-gravel
mixture RGM

Rubcrete Foundation

i.e. bottom half of shear box

FOR FOUNDATION

CONCRETE & RUBCRETE

This was done by conducting Direct Shear (DS) tests.

MATERIALS

Rubcrete and RGM will introduce two interfaces that
require their properties quantified for design
purposes i.e. Zone A and B of Figure 2.
o This study focused on identifying
interface friction angle (δ) of Zone A
(rubcrete-RGM) under different vertical stresses.

2. AIM OF RESEARCH

Soil below rubcrete foundations will be replaced with
granulated rubber and gravel mixtures (RGM) to
improve material behaviour and energy absorption 2.
The idea is that the rubber in waste tyres will
improve building function under an earthquake by
shock or energy absorption.

This is done by adding
D. Energy Recovery ✘
granulated rubber in the
E.
Dispose
✘
concrete mix to create
rubcrete foundations 1. Figure 1. Waste Management Hierarchy

It was suggested 1 to use waste
tyres in building construction and
studies are being carried out to
incorporate this waste in building
foundations (Figure 2).

In New Zealand, 5 million tyres are
disposed to landfill each year due
to reaching their end-of-life 1.
This is not environmentally-friendly
and sustainable which calls for
reuse and recycle of
waste tyres (Figure 1).

1. BACKGROUND

Tyre Rubber
4-8 mm
D50 = 5 mm
Gs = 1.16
Figure 3. Rubber and Gravel
mixture in a bowl.

RGM/CONCRETE/RUBCRETE

RGM

Normal Force

Gap
Horizontal
LVDT

RGM
VRC%* : 0, 10, 25, 40, 100
σv = 30, 60, 100 kPa
15 tests

Phase 2b

Rubcrete + RGM
VRC%*: 0, 10, 25, 40, 100
σv = 30, 60, 100 kPa
15 tests

VRC%*: Volumetric Rubber Content in %

𝛿𝛿 = 𝑓𝑓(φ)

Phase 2a

PHASE 2
To find δ
interface friction angle

Concrete + RGM
VRC%*: 0, 10, 25, 40, 100
σv = 30, 60, 100 kPa
15 tests

PHASE 1
To find φ
internal friction angle

5. EXPERIMENTAL PLAN

Figure 5. Cross-section of Direct Shear apparatus.

25 mm

Shear Force
being measured

Vertical LVDT

o Bottom half of DS apparatus sheared and
top half was kept stationary.
o Specimen was subjected to 3 normal forces and
sheared at a constant rate of 1 mm/min up to 15 mm
o Shear force, horizontal and vertical displacements
were recorded.
o Tests were carried out according to ASTM D3080-11. 3

4. DIRECT SHEAR APPARATUS

Figure 4. Cross-section
of concrete (top) and
rubcrete (bottom).

1 cm

CONCRETE & RUBCRETE FOR FOUNDATION

Gravel
4-6 mm
D50 = 6.5 mm
Gs = 2.76

1 cm

3. MATERIALS

GRAVEL AND GRANULATED TYRE RUBBER FOR MIXTURE
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o Ratio of δ/ϕ = 0.7

o φ of RGM > δ of concrete and rubcrete (Fig 6f).

o δ of rubcrete ≈ δ of concrete due to similar
surfaces during shearing (Fig 6e & f).

o Friction angles decrease with increasing VRC%
(Fig 6e).
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o Relationship of interface friction angle and internal friction angle yielded a ratio of 0.7 i.e. δ/φ = 0.7
o DS tests showed that concrete and rubcrete have similar behaviour in terms of
interface shear stress, vertical displacement and interface friction angle.
o This suggested that rubcrete would not hinder surface behaviour (Zone A) or material properties
in terms of interface friction angle δ.

7. CONCLUSIONS

o Fig 6b and d show initial contractions followed by
dilations for lower VRC% i.e. 0, 10, 25%.

o Interface shear stress at a large horizontal
displacement of concrete and rubcrete have similar
variations (Fig 6a & c).
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Figure 6. Results of DS tests on concrete and rubcrete for 60 kPa
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Typical test results for 60kPa are shown below:

o Concrete and Rubcrete have similar peak interface
shear stresses (Fig 6a &c).
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Tests were carried out with various rubber contents (VRC% i.e. 0%, 10%, 25%, 40% and, 100% rubber).

6. RESULTS AND DISCUSSION
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Atterberg Limits

•

Particle Size Distribution

5. Using the information collected in the field, laboratory and
through literature review, provide useful recommendations to
all stakeholders regarding the ongoing stability of the
landslide.

4. Link rainfall data with historic failure events to determine
the influence of intense rainfall events on the stability of the
landslide.

3. Compare the completed geomorphic map with those
completed post-failures in 2008 and 2017 to identify the most
active portions of the slip.

•

2. Soil testing target areas that best represent the failure
surface materials, to determine the stability characteristics of
the gouge material within zone of strain.

1. Complete detailed geomorphic mapping identifying
active zones of the landslide and any potential hazards.

Research plan

Highly weathered,
orange/brown, Tuff,
very weak—moderately
weak.

120/40°

Slightly weathered, dark, basalt, hard—very hard, very closely —
closely spaced joints.

• Landslide material comprised of debris from
volcanic-derived lithologies with inclusions of calcareous
sandstone. Underlain by in situ, unweathered,
massive volcanic breccia (Cookson Volcanic Group).

Geology

• Horizontal drains installed; specifications unknown.

• Survey monuments, piezometers and an inclinometer were
installed. The piezometers and inclinometer are no longer
fully functional due to subsequent displacement and
damage by livestock.

• A failure in 2008 severely damaged the road: investigated
by AECOM.

• 7 failures have occurred since 1959 + evidence of ongoing
creep displacement.

• The Inland Kaikoura Road (SH70) traverses the landslide.

A’

A

Landslide debris:
Highly—completely weathered, angular—subangular
chaotic debris comprising volcanic breccia,
calcareous sandstone and very hard basalt in a
clayey SILT matrix, PI 57 (highly plastic).

Hope Fault 2.8km from
Whalesback; 298 ±88
year recurrence interval.

Known Active Faults:

Geomorphological Map of Whalesback Saddle Landslide

14/5/1959

14/7/1963

4/9/1974

Date

23/12/1993

31/7/2008

14/11/2016
18/6/2010

Cumulative Rainfall for 5 days at Whalesback Station between 20/1/1955 and 1/10/2019

• Re-surveying the landslide via existing survey monuments
will be beneficial for extrapolating future deformation.

• Horizontal drains implemented during 2010 are now blocked
by sediment. Seepage occurring directly below: drains
possibly damaged.

• Ongoing displacement via tension cracks has occurred
since the Kaikoura earthquake.

• During the 2016 M7.8 Kaikoura earthquake, tension
cracking occurred along existing scarps of the frontal
landslide lobes and westward of the primary headscarp
(geomorphic map).

• No significant failures occurred in 1 in 10-20 year
rainfall events which occurred over a short time frame
(<7 days).

• Significant failures occurred following 336mm to
560mm of rainfall over a period of >12 Day.

• The primary trigger for failure is a prolonged rainfall event
such as a 1 in 10-20 year rainfall event with 5-20 days
cumulative rainfall. All failure events occurred as a result of
a 1 in 5 year event, excluding the co-seismic failure in 2016.

• The portion of landslide below SH70 is more active than that
above SH70.

Findings
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POSTER COMPETITION RESULTS
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NZ Geotechnical Society

2020PHOTO
COMPETITION
The 2020 theme is

Geotechnical
field work
first prize

wins



$250
The winning photo and the
top runners-up will be printed
in the December 2020 issue
of NZ Geomechanics News

ENTRIES CLOSE

30 September
SEND YOUR ENTRY TO
•E
 mail to: editor@nzgs.org (send as jpgs)
• Entries close 30 September 2020
•C
 learly mark your entry with your name
and provide a caption for your photo

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.
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Dr. Peter Raymond Goldsmith
Fellow, NZ Institution of Professional Engineers - 2001.

Former Managing Director of Fraser
Thomas Ltd, Consulting Engineers,
Auckland (1987 – 2010); Officer
(Major) in the NZ Army Territorial
Force, 1966 – 1980; Trustee of the
City of Manukau Education Trust
(1999 - 2007), Honorary Consul
General, Papua New Guinea
(2010 – 2020).
Born Nelson, November 22nd, 1944
Died Auckland, April 4th, 2020
Peter Goldsmith was a prominent
Geotechnical Engineer in Auckland,
where he managed the engineering
consultancy Fraser Thomas for 23
years, took a strong personal interest
in developing business links between
New Zealand and Papua New Guinea,
and was a well-known expert witness,
engaged in multiple court cases and
arbitrations, including international
construction projects. Outside
engineering, he was a long standing
and valued trustee of the City of
Manukau Educational Trust.
Peter hailed from Nelson, and
began his engineering career there
as a Draughting Cadet with the then
NZ Electricity Department in 1962 and
then the consulting firm Sanders and
Lane, before moving to Wellington
to complete an NZ Certificate in
Civil Engineering in 1970. After a two
year spell with Morrison Cooper &
Partners, Consulting Engineers in
Wellington, he moved to Auckland
for full time study, obtaining a BE (1st
Class Hons/Civil) in 1976 and then a
PhD in Geotechnical Engineering in
1980 with a thesis relating to piled
foundation design.
Peter was an extremely
competent and well respected
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engineering practitioner, known for
his uncompromising pursuit of quality
and fierce intellect. These attributes,
in particular, were tested when Peter
was involved in providing expert
evidence for litigation cases. Peter
had a particular aptitude for litigation
cases, and enjoyed pitting his skills
against other highly skilled courtroom
players. It must be said, he didn’t
lose many arguments. Because of his
skills in preparing and giving evidence
in court cases, he was the preferred
engineering expert for many high
profile litigation lawyers.
Peter put his engineering
expertise to use in service with the
NZ Territorial Army, commencing in
1966 and retiring in 1980 having been

in command of 3rd Independent
Field Squadron, Royal New Zealand
Engineers with the rank of Major. He
valued his time in the Territorial Army,
and often made reference to what he
had learned then.
Peter also practised with the
NZ Territorial Army and overseas,
working in Indonesia, Papua New
Guinea, Fiji and Cambodia. His work
in Papua New Guinea led to a strong
interest in the development of the
engineering profession in that country,
and in addition to his engineering
work, he played a prominent role
in developing bilateral trade
between the two countries and later,
from 2010, took on the role
of Honorary Consul General for
NZ Geomechanics News • June 2020

OBITUARY
Papua New Guinea in Auckland,
becoming a well known member
of the Consular Corps in Auckland.
He is remembered by Gregory
Thwaite, Honorary Consul to the
Republic of Panama, as an esteemed
colleague both as a Consul and as a
military veteran.
Between 1999 and 2007, Peter
served as a trustee of the City of
Manukau Education Trust (COMET),
where he was alone in being an
engineer, among a group of educators.
Chief Executive Dr. Stuart Middleton
described him as an outstanding
representative of the business
community on the Trust, well able to
adapt to work with educators, and
known for his clear views and gentle
manner in which he put them across.
Besides his work in geotechnical
engineering, Peter also developed
Fraser Thomas’ waste management
work and has been involved
extensively in the consenting,
design and ongoing development
of multiple regional landfills within
New Zealand. His knowledge and
experience of modern sanitary landfill
design, construction, operation and
management, including liner design,
leachate, stormwater, landfill gas
management and capping was
widely respected.
Peter’s contribution to engineering
in New Zealand was recognised by
IPENZ (now Engineering NZ) in
2001, when he was made a Fellow
of IPENZ. He authored or
co-authored 19 published papers
on geotechnical topics.
Peter has also mentored many
geotechnical and landfill engineers
who have worked for Fraser Thomas
over the years, including three
who have gone on to become
company directors.
Peter is survived by his partner
Lorraine, who is also part of the
Fraser Thomas establishment,
and his two daughters, Stephanie
and Penelope.
June 2020 • NZ Geomechanics News

Tribute to Philip John (Pip) Alley
(1901 – 78)
A Soil Mechanics Pioneer in New Zealand

PHILIP JOHN ALLEY was a pioneer
in New Zealand in promoting from the
late 1930’s the newly established field
of civil engineering then known as soil
mechanics and he established one of
the first soil mechanics laboratories in
the country.
HIS FAMILY BACKGROUND
He was born at Amberley, North
Canterbury in 1901 where his father
was the local school headmaster
who later became headmaster of
Wharenui School in Christchurch in
1905. Pip Alley attended Wharenui
School then Christchurch Boys
High School.
Pip was the third child in a family of
five. His older brother was Rewi Alley
(1897 – 1987) who became well known
as a writer and poet after he left New
Zealand in 1927 to live in China for
the remaining sixty years of his life.
Earlier, Rewi Alley had volunteered
to serve in World War I and was
decorated with the Military Medal.
Rewi Alley’s politics moved from
being fairly right-wing pro-empire
conservative policy sentiments to
thoughts of social reform in 1929,
soon after he moved to China. He
subsequently became a member
of the Communist Party in China
in 1932, eighteen years before
the Communists takeover of the
government of China in 1950.
PIPS EARLIER CAREER IN
COUNTY ENGINEERING
Pip studied engineering at Canterbury
University College in the early
1920’s and obtained a BE degree
in civil engineering then spent
about 25 years working in county
engineering positions in the South

Island, becoming County Engineer in
the 1940’s for the Waimairi County
Council, then on the northwestern
outskirts of Christchurch but later
absorbed into Christchurch City.
During this 25 year period, he
developed an abiding interest in soil
mechanics (as it was then known) and
with a special interest in the use of
lime and cement in soil stabilisation of
pavement sub-bases and subgrades
on country roads.
He received awards for two early
papers which were among the first to
be published on soil mechanics topics
in New Zealand.
As reported in W L Newnham’s
1971 book ‘Learning . Service .
Achievement’ he won special awards
from the New Zealand Institution
of Engineers (NZIE) for two papers.
Special awards were made by NZIE
from time to time to members
submitting papers of exceptional
merit which did not fall within the
conditions for other awards, or
otherwise justified recognition. The
titles of these papers were:
1938; “Soil Mechanics of Southland
Road Making Materials”;
1948: “Loess in Soil Cement Mixtures”.
HIS APPOINTMENT AS A SENIOR
LECTURER AT CANTERBURY
UNIVERSITY COLLEGE
In about 1950, he was appointed
as a Senior Lecturer at Canterbury
University C ollege with a particular
brief to introduce lectures on soil
mechanics topics into the civil
engineering curriculum and to
establish a soil mechanics laboratory
which was originally housed in an
unpretentious ‘tin shed’ on the
University’s town site (now the
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Arts Centre). When the School of
Engineering of the University of
Canterbury moved into new buildings
on the site at Ilam in mid-1960, the
opportunity came for him to establish
a much more fully equipped soil
mechanics laboratory from 1961.
CANTERBURY UNIVERSITY’S
PURCHASE OF ITS NEW SITE
AT ILAM
Pip Alley lived for the later part
of his life in a house at 70 Clyde
Road in Ilam looking directly across
the road at three farms, extending
right through to Waimairi Road and
including the grounds of what is the
now the Ilam Homestead (off Ilam
Road) and the University playing
fields nearby.
In about 1951, he wrote a letter
to the University College Council,
suggesting they consider purchasing
these three farms in which to
establish a much larger campus site
for the University grounds and playing
fields. He received a polite letter in
reply acknowledging receipt of his
letter and thanking him for it but
nothing more was heard until, about
2 years later, it was announced the
University was going to purchase
these three farms to be become
the site of the University’s present
Ilam campus.
THE SECOND AUSTRALIAN-NEW
ZEALAND CONFERENCE ON SOIL
MECHANICS AND FOUNDATION
ENGINEERING
Soon after taking up his senior
lecturer position, he joined the
recently established International
Society of Soil Mechanics and
Foundation Engineering (ISSMFE)
as an individual member, because
there was no existing body to be the
national committee for New Zealand
of the ISSMFE. He then attended
the first Australia-New Zealand
Conference on Soil Mechanics and
Foundation Engineering held in
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Australia in 1952. While he was there,
he was invited to attend a meeting of
the Australian National Committee of
the ISSMFE held in conjunction with
that conference. This committee had
coordinated the planning of this first
Australia-New Zealand conference.
Without consulting with anyone as
far as I know, Pip Alley offered that
the second such conference be held
in Christchurch in 1956. This offer was
accepted with some alacrity by the
Australian National Committee. When
he returned to Christchurch, his
colleagues at the University, including
the Head of Department of Civil
Engineering, Professor H J (Harry)
Hopkins were rather dumbfounded
that this offer had been made and
accepted. But they realised that if
such an international conference
could be organised well, it would
reflect favourably on the standing of
their civil engineering department
and a great effort was made to run
a very successful second AustraliaNew Zealand Conference held at
Canterbury University College in 1956.

Ridley who was then a senior design
engineer in the Ministry of Works
head office in Wellington.
Mr Ridley had to relinquish the
position in the following year after
being appointed Project Engineer
for the Benmore Power Project at
Otematata.
Mr Noel Collins also from the
Ministry of Works (in the Water and
Soil division) became the second
chairman of the New Zealand National
Committee for the next three years.
He was followed by Mr O T (Trevor)
Jones who was the principal design
engineer for the earth dam at the
Cobb River power station built in the
early 1950’s.
The name of the National
Committee was changed to the New
Zealand Geomechanics Society in
1972 during the chairmanship of Mr
J H H (John) Galloway. This Society
also incorporated rock mechanics
and engineering geology. About two
decades later the name was changed
to the New Zealand Geotechnical
Society.

ESTABLISHMENT OF A NEW
ZEALAND NATIONAL COMMITTEE
OF ISSMFE
Pip Alley proceeded to strongly urge
the NZIE to form a New Zealand
National Committee of the ISSMFE.
This became the first Technical
Group of NZIE to be established.
Senior engineers in the Ministry
of Works who had also been strongly
promoting the advancement of soil
mechanics in New Zealand (especially
in regard to dams for hydro-electric
power projects) were also strongly
advocating a similar proposal.
The New Zealand National
Committee was eventually
established in 1958 and Pip
Alley became a member of that
committee representing the School
of Engineering at the University of
Canterbury. The committee was
initially chaired by Mr J W (Jack)

PIP ALLEY’S POLITICAL
INTERESTS
By the late 1950’s, Pip Alley had
become well known in Christchurch
and at the University as being an
avowed communist. This was in the
earlier years of the Cold War when
to be called a communist in New
Zealand was one of the worst things
people could say about you. He
was also seen as being very much
influenced by his older brother Rewi
Alley who by then had lived in China
for nearly 30 years.
MY MEETINGS WITH PIP ALLEY
When I received a scholarship to
undertake a Masters degree in
engineering at the University of
Canterbury in March 1963, I was
drawn towards a soil mechanics topic
for my thesis because I could see
from my undergraduate student days
NZ Geomechanics News • June 2020
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that soil mechanics was a rapidly
growing area of civil engineering
activity that was destined to play a
major role within civil engineering in
the future. Pip Alley then became my
thesis supervisor.
I met weekly with him to discuss
progress with my research for my
thesis. It became clear to me that
he was very much influenced in his
political views by his older brother
Rewi, but in my opinion, he was not
really a communist at all. He was
much too kind-hearted for that!
I never did find out whether or
not he actually was a member of the
Communist Party in New Zealand.
However, because of his political
beliefs, he had great difficulty in
getting other people to take him
seriously and engage with him in

discussion on engineering and other
matters. But in my weekly meetings
with him, I could see that he greatly
enjoyed a good discussion on wide
ranging topics and did not take any
offence in debating a topic with a
much more junior person of different
views (even a post-graduate student).
He appeared genuinely upset when
I went to see him to say thanks and
goodbye after handing in my thesis in
June 1964 before leaving New Zealand
for further study at the University of
Illinois, where the leading professor in
soil mechanics subjects was Professor
Ralph B Peck.

introduced many civil engineering
students to soil mechanics. He
was promoted to Reader in the
early 1960’s.

SERVICE TO THE UNIVERSITY
OF CANTERBURY
Pip lectured at the University
of Canterbury for 17 years and

John Blakeley DistFEngNZ
Chairman 1977-1980 and
Life Member
New Zealand Geotechnical Society

PIP ALLEY’S RETIREMENT
After retiring from the University in
1967, he joined Soils and Foundations
Ltd, a subsidiary of a consulting
engineering firm in Christchurch
where he worked for several years
until the early 1970’s, establishing
a small soil mechanics laboratory
and providing consulting advice on
soil mechanics matters before fully
retiring. He died in 1978.
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International Society For Soil Mechanics And Geotechnical
Engineering (ISSMGE)
Vice President - Regional Report For Australasia
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.
1. INTRODUCTION
Like most of us, I am preparing this
report from my home office while
New Zealand is at Alert Level 3.
The following is a summary of
recent highlights of ISSMGE activities
regionally and internationally.
2. MESSAGE FROM THE
PRESIDENT
We are all under the threat by the
COVID-19 and have suffered and
affected by it one way or the other.
Many universities and training centres
are closed. Many students and
engineers may not be able to access
and receive necessary education and
training. This is a serious disruption
to their future. However, the free
ISSMGE’s online “Virtual University”
should be able to assist them while
they are at home or under quarantine.
We have developed seven full
courses including:
Course 1: Risk-Mitigation, monitoring
& Observational Methods
Course 2: In Situ Testing
Course 3: Earthquake Engineering
Course 4: Foundations
Course 5: Soil Characterization
Course 6: Geo-Engineering
Education
Course 7. Unsaturated Soil
Mechanics
In addition, there are many
webinars available online. Please
visit the ISSMGE website to find out
more details as follows:
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Above John Carter, Neil Taylor and Philip Robins

http://virtualuniversity.issmge.org/
Please let whoever needs the
education and training know in your
countries and regions.
Please watch out the COVID-19
and take great care of your health
conditions. God Bless you all.
Charles Wang Wai Ng
3. ICSMGE 2021 SYDNEY 2021
Preparations for Sydney 2021
continue, with the ISSMGE
Conference Advisory Committee
(CAC) meeting with the Local
Organising Committee (LOC) in
Sydney on Thursday 13 February
2020 at the Hyatt Regency. This

was preceded on Monday 10
February 2020 by a tour of Sydney’s
International Conference Centre.
I joined John Carter (Chair - LOC),
Neil Taylor (General Secretary
– ISSMGE), and Emma Bowyer
(Managing Director – ICMS
Australasia) for a walk through this
world class venue. With Darling
Harbour as a backdrop, the ICC
Sydney will serve as an excellent
venue for The Conference.
The ISSMGE President – Charle Ng
flew into Sydney for the International
Planning Committee meeting
on Thursday where Mark Jaksa
presented his wonderful Technical
NZ Geomechanics News • June 2020
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Program. The CAC provided some
guidance on potential Keynote
lecturers and other plenary speakers.
Other topics discussed at the meeting
were; the method of paper submission
and the review process; involvement
of TCs and the iYGEC program, as
well as the social program, opening
and closing ceremonies. The LOC
is putting together an outstanding
International Conference with a
jam-packed technical program.
I encourage you to support them,
and this world class event, in
whatever way you can.
The Abstract submission deadline
has been extended to 31 May
2020. For more information:
http://icsmge2021.org/

4. “ARE WE OVER DESIGNING?”
A SURVEY OF INTERNATIONAL
PRACTICE
A joint initiative by the CAPG,
the YMPG, TC2015 - Safety and
Serviceability and TC304 - Risk. The
survey is intended to assess the
consistency of calculation models
and design methods for a variety of
geotechnical structures, and where
possible, to compare the results with
full scale tests and reliability analyses.
The CAPG, will have a large
focus at ICSMGE 2021 Sydney 2021,
with several plenary sessions and
presentation of the findings from
the “are we over designing?”. I would
like us to have a strong showing from
Australia and NZ.

In addition to providing valuable
insight into the practice of design
across various countries in the world,
the survey is also a great opportunity
to benchmark your companies
approach to design of relatively
simple geotechnical problems. No
details of the company are required
nor would these details, even if
provided, be released.
Full details of how to undertake
and submit the survey can be found
both on the ISSMGE website:
https://www.issmge.org/news/arewe-overdesigning-a-surveyof-international-practice and
in Geoworld (https://www.
mygeoworld.com/file/139638/capgoverdesign-survey).
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5. ISSMGE ONLINE LIBRARY
The ISSMGE Online library (https://
www.issmge.org/publications/onlinelibrary) is in continuous development
– please note the following additions:
• 	17th African Regional
Conference on Soil Mechanics
and Geotechnical Engineering;
• 	17th European Conference on
Soil Mechanics and Geotechnical
Engineering,
• 	Australia New Zealand
conference series back catalogue,
• 	XVI Pan-American Conference
on Soil Mechanics and
Geotechnical Engineering (XVI
PCSMGE 2019)
• 	9th International Symposium
on Geotechnical Aspects of
Underground Construction in
Soft Ground, Sao Paulo, 2017
(TC204)
Hugo Acosta-Martinez, Past Chair of
the Australian Geomechanics Society
continues to drive the upload of ANZ
Conference Proceedings in this open
access database. This month, 103
papers from the 6th ANZ Conference
(Christchurch, 1992) have been added.
The NZGS Management
Committee has kindly offered to
cover the costs for the digitization
of paper copies of the full set of
proceedings of the regional ANZ
conferences. Thank you to the NZGS
for organising this and for driving
it forward – it will be a fantastic
resource for our future. Thanks to
Sally Dellow who has found some
missing paper proceedings tucked
away in the GNS library.
6. ISSMGE Foundation
The ISSMGE Foundation was created
to aid individual ISSMGE members
throughout the world to enhance their
geotechnical engineering knowledge
and practice by providing financial
support for participation in technical
and professional activities approved by
the ISSMGE Foundation. There is no
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prescriptive list of admissible events
and all reasonable applications will be
considered, considering the relevance
to ISSMGE and active rather than
passive participation by the applicant.
The next deadline for receipt of
applications for awards from the
ISSMGE Foundation is the 31 May
2020. For further information on
the ISSMGE Foundation: https://
www.issmge.org/issmge-foundation/
application-form
7. ISSMGE TIME CAPSULE 2017 –
2021 TASK FORCE
Sukumar Pathmanandavel from
Australia has set up a task force to
create and display a time capsule.
The purpose of the time capsule is to
“capture notable advances in all facets
of geotechnical engineering made
in the current ISSMGE Presidential
Term, 2017 -2021, and enable
creation of further time capsules
for successive ISSMGE presidential
terms leading to the centenary of the
ISSMGE in 2036.”

Philip Robins
Philip is a Technical Director –
Geotechnical with Beca based
in Wellington, with over 20
years’ experience specialising in
geotechnical analysis and design.
He has been involved in the
design and construction of major
infrastructure projects in New
Zealand, California, Hong Kong and
Southern Africa. Philip was Chair of
the NZGS Management Committee
from 2009 to 2010.

8. ISSMGE BOARD MEETING
As the COVID-19 pandemic was
quickly spreading through Europe at
the beginning of March, a decision was
made by the President not to meet in
Tunisia for the ISSMGE Board Meeting.
The meeting was to be in Hammamet,
Tunisia on Sunday 8 March 2020. At
the last minute, the board meeting
was moved into a skype video
conference format instead. Following
the Board meeting several members
went on to present virtual lectures
at the International Conference on
Geotechnical Engineering (ICGE’20)
organised by the Research Laboratory
in Geotechnical Engineering and
Georisk (RLGEG).
Best regards,
Philip Robins
ISSMGE Vice President for Australasia
philip.robins@beca.com
NZ Geomechanics News • June 2020
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International Society for Rock Mechanics
and Rock Engineering (ISRM)
Regional Report for Australasia – June 2020
THE REPORT ADDRESSES ISRM
matters since the December 2019
edition of Geomechanics News,
including the outcomes from the first
Board meeting for the 2019 – 2023 term
in Ljubljana on 1-2 February 2020.

- Commission on Rockburst
- Commission on Rock Dynamics
- Commission on Rock Grouting
- Commission on Soft Rocks
- Commission on Testing Methods
- Commission on Underground
Nuclear Power Plants

ITEMS RELATING TO THE BOARD
MEETING INCLUDE:
Commissions
ISRM commissions, which have terms
over or inside a four-year board
period, are run on a voluntary basis.
Several are very active, with associated
publications (e.g. blue and orange
books for testing methods), some less
so. Applications for the 2019 – 2023
term Commissions had been received
independently by the Secretary
General before the Board meeting,
and appointment /continuance of
Commissions was evaluated by the
new Board based on recommendations
from the Technical Oversight
Committee (TOC). At the meeting
TOC briefly summarised Commissions
applications and a template for their
annual report will be drafted.

Rocha medal (2021 & 2022):
Nominations for the 2022 Rocha
Medal award are currently open
and will close on 31 December 2020
(for evaluation in 2021). The award
recognises the most meritorious
PhD thesis in rock mechanics, with
further details on the ISRM website.
Nominations should be sent directly
to Secretary General (remembering
a 10,000 word summary of the thesis
needs to be prepared and ISRM
membership demonstrated).
Twenty applications were received
for the 2021 award. These applications
will be evaluated before the next
Board meeting in Norway at the
Eurock 2020 conference. Five of
the applications are from Australian
universities.

Current list of ISRM Commissions is
the following:
- Commission on Coupled ThermalHydro-Mechanical-Chemical
Processes in Fractured Rock
- Commission on Crustal Stress
and Earthquake
- Commission on Deep Mining
- Commission on Design Methodology
- Commission on Discontinuous
Deformation Analysis - DDA
- Commission on Evolution of
Eurocode 7
- Commission on Preservation of
Ancient Sites
- Commission on Radioactive
Waste Disposal

John Hudson Rock Engineering
(JHRE) Award 2020 and ISRM
Science Achievement (SA)
Award 2020
Both awards are new and this is the
first year to be awarded.
Submission of nominations for the
JHRE award ended on 15 January
2020. Two nominations were received.
Submission of nominations for SA
award closed on 29 February also
with a low number of nominations.
A selection committee consisting
of five members from the Board and
Fellows will analyse the nominations
and submit a proposal to the Board
for discussion and approval.

June 2020 • NZ Geomechanics News

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.
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COVID19 effects
The 2020 International Symposium
was scheduled for June 2020 in
Trondheim, Norway. Following
a recent review of the status of
COVID19 by the organisers the
conference has been rescheduled
for 12 – 14 October 2020. Part of
the decision relates to the fact that
all the papers for publication at the
conference had been received.
The 11th Asian Rock Mechanics
Symposium, ARMS11, was scheduled for
late 2020 in China. The Conference has
been postponed to early 2021.
ISRM ON-LINE LECTURES
Two on-line lectures have been given
over the last months:
“Rock Dynamics and Future
Trends” presented December 2019 by
Prof. Omer Ayden
“Rockburst support in shallowdipping tabular stopes at great depth”
presented March 2020 by Prof.
François Malan
The lectures are available on the
ISRM website (ISRM online lectures e.g. https://www.isrm.net/gca/?id=1418
for Prof Malan).
COMMUNICATION
The ISRM website (www.isrm.net) has
information on the Society’s intent,
structure and activities, including
conferences, commissions, awards,
products and publications. For those
AGS members affiliated to ISRM as
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individual members there is a member
area with access to further products.
There is also Linkedin, Twitter or
RSS access.
Regular means of communication
(under ISRM information on the
website) are:
• 	ISRM Newsletter, which has
been published quarterly since
March 2008.
• 	No. 49 – March 2020 – latest issue
• No. 48 - December 2019
• No. 47 - September 2019
• 	ISRM News Journal, published
annually, now under the editorship
of Dr José Muralha (Portugal)
• 	Last issue No 22 (Dec 2019 –
published in March 2020)
The ISRM Digital Library, which was
launched in October 2010, is intended
to make rock mechanics material
available to the rock mechanics
community, in particular papers
published from ISRM Congresses
and sponsored Symposia. It is part of
OnePetro (https://www.onepetro.org),
a large online library managed by the
Society of Petroleum Engineers.
It includes proceedings from 56
ISRM sponsored conferences and ISRM
individual members are allowed to
download, at no cost, up to 100 papers
per year from the ISRM conferences.
To use this facility ISRM members must
register each year, with further details
given on the ISRM website (https://
www.isrm.net/gca/?id=992).

ISRM MEMBERSHIP:
ISRM individual membership
worldwide is currently 8,432
representing 60 National Groups
(countries). This is a rise of 3% rise
over past year, with 549 in Australasia
(7% of total with 357 Australia (4
corporate) and 192 New Zealand).
Europe and Asia continue to have the
greatest individual membership (>25%),
with other regions including Africa and
Australasia having ~6% each.
OTHER ITEMS
Vale Dr Giovanni Barla and
Prof Pierre Habib
The ISRM is saddened to
acknowledge the passing of
colleagues and friends.
Prof. Giovanni Barla, a keynote
speaker at the Foz do Iguacu
Congress, who passed away on 17
November 2019. A short tribute was
published in the December 2019
newsletter.
Prof Pierre Habib, ISRM President
from 1974 to 1979, who passed away
in June 2019. He paved some of the
first steps of the fledgling Society and
a short tribute was published in the
March 2020 newsletter.
Paul Horrey
ISRM NZGS Liaison
18 May 2020
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New automated
consolidation and
triaxial equipment

Know where you stand
Geotest is an IANZ accredited
laboratory offering a comprehensive
range of soil, aggregate and concrete
testing services as well as field
investigation, instrumentation and
monitoring. We’re here to get our
hands dirty so you don’t have to.
geotest@beca.com
www.beca.com
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Triaxial tests
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Consolidation tests
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Classification tests
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Instrumentation and monitoring (slope,
settlement and groundwater)
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In-situ Nuclear Densometer (NDM) testing
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Core logging and reporting
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Hand auger and test pits
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IAEG Report June 2020
IAEG March Meeting
THE IAEG MEETING planned for
Delhi in March was cancelled due
to Covid-19 Travel restrictions. No
replacement meeting has been
planned at this stage.
It was planned to review rule
changes at this meeting but no
progress has been made. I have
followed up with Scott Burns who
is leading this work and apart from
acknowledgment of my emails I am
uncertain of what is now happening in
this area.
There has been limited official
correspondence with the IAEG
Executive committee over the past
few months. I have advocated a
Zoom/Teams/Skype meeting but this
has not appeared to get traction.
Hans Cloos Medal and
Marcel Arnould Medal
Voting for Hans Cloos Medal and
Marcel Arnould Medal was completed
electronically. The winners of these
awards are:
• 	Professor Faquan Wu of China –
Hans Cloos Medal

• 	Professor Martin Culshaw of
Great Britain - Marcel
Arnould Medal.
Fred Baines was nominated by AGS
and supported by NZGS for the Marcel
Arnould Medal but was not successful
past the first round of voting.
Doug Johnson
Newly elected National Groups
Applications have been received and
supported for IAEG National Groups
to be established in
• Mongolia
• Costa Rica
Executive and Council Meeting in
Sept (affiliated to 2nd European
IAEG Conference in Athens)
I have had little correspondence on
this other than the conference is still
planned to proceed in September at
this stage. I hope to get updates from
IAEG on this soon.

Doug has a Master’s degree in
Engineering Geology from the University
of Canterbury NZ (1984). He has worked
on many mining, quarrying and civil
engineering projects across a range of
complex geological terrains, geographies
and on both green and brown field
site developments. Doug is currently
Managing Director of Tonkin + Taylor
and is passionate about people, the
client experience, and technical solutions
providing long term benefits to the
community and the environment.

Doug Johnson
IAEG Australiasian Vice President		
DJohnson@tonkintaylor.co.nz
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SOCIETY SCHOLARSHIP REPORTS

New Zealand Geotechnical Society Research
Scholarship Reports
THE NZGS MANAGEMENT
Committee provides funding for
a scholarship that would enable a
member of the Society to undertake
postgraduate research in New
Zealand that would advance the
objectives of the Society. Through
this scholarship, the Society hopes
to encourage members to enrol for
post-graduate research (e.g., PhD,
Masters by research) or undertake
independent research (e.g., postdoctoral research) that would not
otherwise be possible for them.
The fields of research are expected
be in Engineering Geology
and/or Geotechnical Engineering.
The scholarship will be next awarded
in 2020. Submissions are due
31 October 2020. Check the website
for further information.
The following reports are provided
by the two most recent recipients
of Scholarships:

NZGS Research
Scholarship 2019
Progress Report
Doug Mason

Doug Mason, from WSP, is
part way through his studies to
investigate earthquake-induced
landsliding and its impacts on
infrastructure that will help
inform the future design of
slopes and management of
landslide hazards.

Heba Elsaidy, University
of Auckland, shares her
experience of how the NZGS
scholarship was able to assist
her PhD research and help
achieve her future goals.
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I received the NZGS Research
Scholarship in April 2019, to
contribute towards my PhD research
at the University of Canterbury
in 2019 and 2020. This report
summarises the research covered
under the scholarship, the work
completed in 2019 and the work
planned for 2020.

The aim of my PhD research is
to investigate earthquake-induced
landsliding and its impacts on
infrastructure, to help inform
the future design of slopes
and management of landslide
hazards. Drawing lessons from
the performance of slopes in past
earthquakes is invaluable to gain
this understanding. The impetus
for this research is to learn from
the damage and disruption to
infrastructure caused by the
2016 Kaik ura earthquake, and
to document the key lessons for
future practice.
The NZGS Scholarship funding
has enabled me to carry out
additional independent research
into landsliding in past (i.e. preKaik ura) earthquakes in New
Zealand, that would not otherwise
have been achievable. This will
help broaden the understanding
of earthquake induced landsliding
beyond the Kaik ura research
and help ensure that the eventual
lessons and recommendations draw
on a wider cross section of data
from different parts of the country.
NZ Geomechanics News • June 2020
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The scholarship funding
provided by the Society was split
into two parts: funding for the
first year in 2019 to go towards
documenting and investigating
earthquake-induced landsliding in
pre-Kaik ura earthquakes, and the
remainder for 2020 to go towards
analysis of selected slope failures.
The 2019 scholarship has provided
funding for travel, fieldwork
expenses and consumables, as
well as to support my taking time
away from work to dedicate to
the study.
PART 1 – COLLATE RECORDS
OF EARTHQUAKE-INDUCED
LANDSLIDING
The objective of this step was to
identify parts of the country that
are subject to high seismicity and
that are likely to have significant
cut slopes, and to select several
study areas that have experienced
strong ground shaking in historical
earthquakes and that have contrasting
geological materials and terrain to
the Kaikoura area. Hancox et al.
(1997) compiled landslide records
for historical earthquakes in New
Zealand, which provided the basis
for selecting a shortlist of study
areas and earthquake events for this
research, as described below. From
these study areas, I have collated
records of where slope failures have
occurred along transport routes
or other infrastructure corridors.
This has been based on a literature
review of available information
including geological maps, research
papers, aerial photographs, and
reconnaissance reports, first-hand
accounts and photographs from the
time of the event.
Wairarapa
The eastern part of Wairarapa,
away from the axial ranges of
the central North Island, consists
of rolling to steep hill country
June 2020 • NZ Geomechanics News

underlain by Tertiary sedimentary
rocks (mudstones, sandstones and
limestones). This area experienced
strong ground shaking in several
key historical earthquakes. The MW
8.2 Wairarapa earthquake in 1855
caused widespread landsliding over
the southern North Island and upper
South Island. Intense landsliding was
triggered in the Wairarapa hills, and
rock slides and rock falls caused
extensive damage to roads and tracks,
as well as in the Hutt Valley and
Wellington. Because of the age of this
earthquake, historical records with
accurate locations of the landsliding
are scarce. The MW 7.2 and MW 6.8
Masterton (Wairarapa) earthquakes of
1942 also caused extensive landsliding
in the Tertiary rocks in hill country
to the east of Masterton. Most roads
to the east and south of Masterton
were blocked by landslides,
particularly from failure of cut slopes.
The Main Trunk Line railway south
of Plimmerton was blocked by a
landslide and small rock falls were
reported along State Highway 2 in the
western Hutt Valley.
Buller
The area around the Buller River
between Murchison and Westport
consists of steep forested hills
and mountains with deeply incised
river valleys, underlain by Paleozoic
greywacke, Mesozoic granite, and
Tertiary sedimentary rocks (principally
limestone, sandstone and calcareous
mudstone). This area has been
subjected to strong ground shaking in
the 1929 MS 7.8 Murchison earthquake
and the 1968 MW 7.1 Inangahua
earthquake. These events triggered
widespread landsliding, including
extensive and severe damage
to roads, rail, houses and other
infrastructure. For example, the Buller
Gorge road between Murchison and
Inangahua was closed by landslides
and rock falls for 22 months following
the Murchison earthquake.

Arthur’s Pass
The Arthur’s Pass area in the Southern
Alps is characterised by steep
mountainous terrain with deeply incised
river valleys, underlain by Paleozoic to
Mesozoic greywacke bedrock. This area
has been subjected to several large
historical earthquakes (all named after
Arthur’s Pass); a MS 7.1 earthquake in
1929, a MW 6.7 earthquake in 1994, and a
ML 5.5 earthquake in 1995. All of these
events caused significant landsliding
and consequential damage and
disruption to Arthur’s Pass township,
State Highway 73 and the West Coast
rail line.
Christchurch Port Hills
The Port Hills consist of rolling to
steep hills with long narrow ridges
and steep bluffs and cliffs, underlain
by Tertiary volcanic rocks and
Quaternary loess soils. The 2010-2011
Canterbury earthquake sequence
caused widespread landsliding and
slope deformation over the Port Hills.
Rock falls and cliff collapses damaged
hundreds of houses and caused four
fatalities, as well as closing local
arterial roads across the Port Hills
between Christchurch and Lyttelton.
PART 2 – DOCUMENT
CHARACTERISTICS OF
SLOPE FAILURES
The objective of this second phase
of work was to identify key sites for
further investigation and to document
the characteristics of the failures at
those sites. Potential sites (or sections
of road corridor) for investigation
were identified from the historical
information gathered in the desk
study. These were inspected in
reconnaissance visits to Christchurch,
Arthur’s Pass, and Buller to observe
the current condition of the slopes
and better understand the geology
and the geometry of the failure sites,
and to help determine the failure
mechanisms and extent of impacts on
the road corridors.
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An inventory of landslides along
key road corridors impacted by
past earthquake-induced landslides
has been developed based on
the information gathered in the
desk study and supplemented by
the observations made during the
reconnaissance inspections. The
landslides are being captured in
GIS, including attribute information
such as the material type, landslide
type, availability of information/level
of confidence in the mapping, and
the approximate extent of landslide
debris. The inventory will be added
to and refined as further information
becomes available from ongoing
literature reviews, aerial photograph
mapping and site visits as the
research progresses.
A second objective of this part of
the research was to identify where
cut slopes have been formed, to
compare the locations of landslides
with the extent of modified slopes.
The locations and extents of cut
slopes are not able to be mapped

NZGS Research
Scholarship
Progress Report
Heba Elsaidy (PhD student,
University of Auckland)
THE NEW ZEALAND Geotechnical
Society (NZGS) scholarship is to
acknowledge the contribution of
post-graduate students across the
universities in New Zealand to the
profession and to the society. The
recipient is selected by a committee
mainly composed of industry practice
leads in well-known engineering
companies in the New Zealand region.
Being one of the recipients of this
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systematically along the earthquakeaffected corridors without detailed
topographic information such as
LiDAR, however photos dating from
the time of the earthquake as well
as recent corridor imagery (e.g.
Waka Kotahi / NZ Transport Agency
corridor video and Google Streetview)
have allowed the identification of cut
slopes at particular sites, although
the slope heights and angles of the
cuts at the time of the earthquake
in that location cannot reliably be
determined.
Upcoming work
The work scheduled for 2019 has
largely been completed, apart from
the GIS mapping of landslides which
will be completed by the end of
April. The work planned under the
scholarship in 2020 consists of backanalysing selected landslide sites to
better understand the mechanisms
of failure and to help identify
important factors that contributed
to the observed behaviour. The desk
study in part 1 included searching

for detailed topographic data (e.g.
LiDAR) to assist in the identification
and mapping of landslides and to
provide ground surface information
for the slope analysis. Unfortunately
there is currently no LiDAR data
available for areas such as Arthur’s
Pass and Buller Gorge, and therefore
to fill this gap I will survey key sites
in these areas with an Unmanned
Aerial Vehicle (UAV) or Terrestrial
Laser Scanner (TLS) to provide high
resolution images and 3D ground
surface models of the slopes. Given
the current restrictions on travel
due to the Covid-19 emergency, this
surveying work will be carried out
once the restrictions are lifted. The
slope analysis will be carried out
afterwards, likely to be in the second
half of this year.

respected scholarship, it is interesting
to share my experience regarding how
NZGS scholarship was able to assist
my PhD research as well as future
goals. It should be mentioned that I
got the NZGS scholarship for the last
year of my PhD studies.
On research, one of the main
outputs of a research scholarship is
contribution to existing knowledge
by doing innovative research. The
primary aim of my research is to have
a better understanding of the hydromechanical behavior of unsaturated
expansive soils behind retaining
structures. The main outputs and/
or phases of the current research
are summarized as follows: (1) Two
universal empirical formulas were

developed to predict the swelling
pressure and strain using simple input
parameters; (2) An advanced 3D
scanning technique using structured
light, which was developed to obtain
the shrinkage curve and Soil-water
characteristic curve (SWCC); and (3)
The modified K0 triaxial apparatus,
which is able to capture the 3D
response of compacted expansive
soils subjected to multiple wetting
and drying cycles. This information is
useful to geotechnical practitioners
to simulate and investigate true field
conditions in the laboratory.
Some of the results obtained
from phase 3, which was achieved
after receiving NZGS scholarship
could be summarised as follows: (1)

REFERENCES
Hancox, G.T., Perrin, N.D., Dellow, G.D. (1997).
Earthquake-induced landsliding in New
Zealand and implications for MM intensity
and seismic hazard assessment. GNS
Science client report 43601B. 85 p.
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Figure 1 A typical K0 CV triaxial swelling/shrinkage test including vertical and lateral swelling pressures versus time

A modified suction-controlled K0
triaxial apparatus was developed
and capable to assess the effect of
wetting and drying cycles on the
swelling/shrinkage pressure change
for unsaturated soil testing; (2) Due
to the nature of expansive soils,
a complicated swelling/shrinkage
June 2020 • NZ Geomechanics News

behaviour in addition to hydraulic
hysteresis during wetting-drying
cycles was observed; and (3) Four
wetting and drying cycles are needed
to reach equilibrium swell/shrink
pressure after wetting. Figure 1 shows
a typical K0 CV triaxial swelling/
shrinkage test, which comprises of

isotropic compression (IS) followed
by a series of constant volume selling/
shrinkage cycles under K0 condition.
As anticipated, this figure shows
that that both vertical and lateral
swelling pressure increased with time
during wetting and decreased during
drying. In addition, determination of
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swelling anisotropy is achieved by the
synchronized measurement of the
swelling pressures in both vertical
and lateral direction on the same soil
specimen using the modified suctioncontrolled K0 triaxial apparatus in
Geomechanics lab. at the University
of Auckland.
Most post-graduate students
struggle financially, especially with
paying tuition fees. This scholarship
allowed me to follow my dreams
by boosting my academic goals and
breaking a big financial barrier.
In addition, this scholarship
improved my performance during
my PhD journey. I was working in my
last phase in my PhD studies and
needed to focus more on improving
my knowledge and skills. Thus, this
scholarship gave me extra time to

study by taking away some of my
financial concerns.
Previous successful PhD
candidates keep advising us (current
PhD students) to decide a future
career path. As an international
student, this remained one of
my biggest concerns. A career
advantage can be obtained by listing
this competitive scholarship on my
resume. Moreover, as previously
mentioned, the scholarship committee
is composed of leaders in well-known
engineering companies across New
Zealand. Hence, it gives access to
increase networking which is highly
required in achieving my future
career goals.
The scholarship means the
hard work has really paid off. This
scholarship offered by NZGS is a

great honour for me. It is not just
receiving financial help; it has given
me the potential to achieve more
for society. The scholarship gave me
motivation and confidence during
various interviews. Now, I am working
in an international engineering
company as a geotechnical engineer.
Lastly, I would like to express my
sincere appreciation to my main
supervisors, Prof. Michael J. Pender
and Dr. Ryan Yan from the University
of Auckland; it is a pleasure of being
one of their students too. Earnest
gratitude is due to my daughter for
her patience and taking her own
responsibility during the past four
years. Last but not least appreciation
goes to the NZGS committee for
providing valuable comments to help
my research.
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E-NEWSLETTER H
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

NORTHLAND BRANCH REPORT
Northland Branch Whangarei
Geotechnical Issues

How Council is managing geotechnical
hazards and risk and learnings form
review of geotechnical reports.
The talk covered:
Councils RMA process, Building
Consent process Learnings from T&T
reviews, Hazard Maps, councils goals,
and practice fields and competency.
Council has found from processing
consents that most sites are now in
the high to moderate stability hazards
zone and there has been active
landslides on recent developments.
Council has identified issues
and shortfalls with geotechnical
experience and competency of the
persons preparing the reports.
Council is now undertaking
peer review of all geotechnical reports
on high stability risk sites.
June 2020 • NZ Geomechanics News

SOUTH ISLAND

Otago
International

The learnings from these reviews
were:
• 	No deep investigation and
reliance on hand augers
• No discussion on groundwater
• Expansivity was visually assessed
• 	Settlement was not considered
or discussed
• 	Inadequate discussion of obvious
visual issues
• Insufficient design information
• 	High risk slopes with no slope
analysis
• 	No laboratory testing or
back analysis
The current hazard maps currently
being updated and will be extended
to the unmapped areas.
The council is wanting to bring
geotechnical practices in line with
“good practice”. This can be using
the WDCEES2010 as a guide with the
outcome to reduce the likelihood of
future failures and manage risks to

council, developers and homeowners.
This will provide a more good quality
piece of min housing stock.
There are concerns with the
people supplying and signing off
geotechnical reports who are not
within CPENG (geotechnical) or
PEngGeol. Going forward for
Moderate to High risk sites the
engineer must be a geo professional.
On 2 June the Northland Branch
hosted an online talk titled “Landslips
in Northland, Observations from
Select Case Studies”. The talk had a
fantastic attendance with more than
ten times the number of Northland
Branch members listening in. The
talk comprised a tour starting with
two landslips in Auckland then a
clockwise circuit of eight landslips
around Northland. The talk discussed
how each of the landslips may have
been identified, or if they were less
obvious, signs in the landscape that
indicated they were in a high risk area.
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The use of QGIS to create terrain
models with aerial and geological map
overlays was also presented. QGIS is
open source (free) and LiDAR for all
of Northland is imminent so this will
soon be a readily available tool for
any site in Northland. The creation of
red/blue anaglyphs from aerial photo
stereo pairs sourced from retrolens.
nz to allow onscreen viewing, zooming
and panning was overviewed. Red/blue
glasses can be purchased on Trademe
and free software to create the
anaglyphs can be found here: http://
stereo.jpn.org/eng/stphmkr/index.html
The talk finished up with some
comments on stability hazard zoning
studies, some pictures of Northland
Allochthon rock samples, a challenge
to complete a quick desktop scope of
any site at the start of every job and
some of the presenters thoughts. The
talk was recorded and a link should
be available.
Northland Branch is working on the
following upcoming presentations
with final dates to be confirmed as
we welcome sharing to interested
professionals.
1. 2 2 June??? Guideline minimum
geotechnical investigations and
qualifications for land stability
and foundation assessments
2. 13th July 2020 at 4:45
Geophysical investigation
Introduction for geotechnical
and environmental engineering
applications
AUCKLAND BRANCH REPORT
The Auckland Branch has had an
eventful first half of 2020, with a
number of international speakers
presenting interesting talks earlier
in the year. This was then followed
by a change in tac to ensure preplanned events could still be offered
to members, with the introduction
of well-known restrictions around
socialising and travel. This has kept
the team busy, requiring a rethink of
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Above Professor Jonathan P. Stewart answering questions at the end of his talk in February

presentation format and collaboration
with Engineering New Zealand.
A couple of highlight talks earlier
in the year were “Quantitative risk
analysis of fragmental rockfalls” and
“Seismic Pressures on Retaining Walls
based on SSI Principles”, presented in
person by international speakers Prof.
Jordi Corominas and Prof. Jonathan
P. Stewart, respectively. These
talks were well attended by local
geotechnical practitioners, with higher
numbers than normally expected
making short work of the generous
pre-talk food and drink provided by
Geotechnics and Geofabrics for the
two talks respectively. Amidst the
disruption caused by the Covid-19
pandemic, Nick Rogers was due to
present the keenly anticipated talk
“Shrink/Swell Testing of Expansive
(Reactive) Soils – A Critical Analysis”.
With the inability to present this
as intended at the University of
Auckland, the branch got to work, and
in collaboration with Engineering New
Zealand identified an opportunity
to open it to the wider NZGS
membership throughout Australasia
via a Microsoft Teams Live Event.

The talk was a great success with a
very engaged 450+ strong audience
posing plenty of questions to Nick
at the end of the talk. The branch
would like to thank Holly Rausch and
Rebecca Mather from Engineering NZ
for providing much needed IT support
in setting up and running the Teams
Live Event. The branch is hopeful
that additional talks can be presented
in this format and are currently
seeking further topics and speakers.
On another note, Ben, Chris and Jay
would like to express their gratitude
to Eric Torvelainen, who earlier in the
year decided to step away from the
role of Auckland Branch Coordinator.
Eric has well and truly made his
contribution to the Branch, with many
years of valuable input and countless
hours organising various events for
members. He will be very much
missed on the Branch Coordinators
team, however, we look forward to
seeing him at upcoming events and
wish him all the best for future roles
that he will no doubt hold.
Auckland Branch Coordinators,
Ben, Chris & Jay
NZ Geomechanics News • June 2020

SOCIETY
NORTHLAND

AUCKLAND

Philip Cook

Jay Doddaballapur

Ben Francis

Christopher Wright

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.
Look forward to improving
the geotechnical features of
soils in Northland. Enjoy the
coastal lifestyle of Northland

Jay is a Chartered Principal
Geotechnical Engineer with an
MSc in Geotechnical Engineering
from the University of Glasgow.
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.

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.

Chris is a geotechnical
engineer at Riley Consultants
Ltd. He has bachelors degree
in civil engineering (University
of Southern Queensland) and
finance (Massey University)
and is currently undertaking
post-graduate studies in
geotechnical engineering at
the University of Auckland.
He began in civil engineering
and infrastructure asset
management, and progressed
to geotechnical engineering.

doddaballapur@aecom.com

BFrancis@tonkintaylor.co.nz

cwright@riley.co.nz

phil@coco.co.nz

WAIKATO

BAY OF PLENTY

Kori Lentfer

Andrew Holland

James Griffiths

Kim de Graaf

Kori is a Engineering
Geologist. He graduated
in 1998 with a BSc(Tech)
in Geology, followed by
Masters study at Waikato
University and an MSc thesis
in Engineering Geology
from Auckland University in
2007. Kori has worked for
consultants based in the UK,
Europe and the Middle East.

Andrew is a Director of HD
Geotechnical. He studied
engineering at the University
of Auckland, graduating in
2002.
Andrew's experience includes
geotechnical investigation,
assessment and design for
infrastructure, buildings
and development. Andrew
is a Chartered Professional
Engineer (CPEng).

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.

Kim is a Geotechnical
Engineer with Beca and
is based in Tauranga.
Kim’s experience includes
earthworks, seismic
assessments, building
foundation design, 3 waters
projects and resilience
workshops. Kim is also a
Safety in Design facilitator
and the Geotechnical Lead
for the Safe Roads Alliance in
the Bay of Plenty.

koril@cmwgeosciences.
com

Andrew@hdc.net.nz

kim.degraaf@beca.com

James.Griffiths@beca.com
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HAWKE'S BAY

WELLINGTON

Tom Grace

Sirini De Silva

Aimee Rhodes

Shirley Wang

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).

I work with RDCL as an
Engineering Geologist. I
graduated with a BSc(Hons)
from UoA in 2017 and briefly
worked in Kaikoura for
the NCTIR project. I have
experience in geotechnical
site investigations, ground
modelling, materials testing,
site hazards and liquefaction
assessments.

Aimee is a graduate
geotechnical engineer with
Opus. She recently completed
her Masters degree in
Earthquake Engineering with
the University of Canterbury.
Aimee has experience
with liquefaction analysis
and soil characterisation
having worked on modelling
liquefaction in stratified soils
for her Masters research.

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.

sdesilva@rdcl.co.nz

aimee.rhodes@wsp.com

tgrace@rdcl.co.nz

SWang@tonkintaylor.co.nz

NELSON

Jerry Spinks

Safia Moniz

Kylie Johnson

Rebecca McMahon

Jerry is a Chartered
Professional Engineer, who
graduated from Canterbury
University (Civil) then worked
in the UK on a large transport
and windfarm projects. Since
returning to NZ in 2010 he has
developed a keen interest in
building seismic assessments
and strengthening. He enjoys
working closely with structural
engineers to develop thorough
and reliable assessments of
the ground.

Safia is a Chartered
Professional Engineer who has
worked in the Caribbean and
New Zealand since graduating
from the University of the West
Indies with a Degree in Civil
Engineering (Hons) in 2004.
She completed a Masters in
Geotechnical Engineering at
MIT in 2009. Recent projects
include deep foundation design
and ground improvement for
buildings and bridges.

I’m an Engineering Geologist
for CGW Consulting
Engineers based in Nelson.
I have been a geologist over
much of New Zealand and a
keen member NZGS for the
past 7 years. I look forward to
being part of the team with
Rebecca to bring great talks
and field trips to our region.

A Geotechnical Engineer for
Beca, I have been a keen NZGS
member for the last seven years
and am looking forward to the
opportunity to assist Kylie with
running events for our region. As I
am also a committee member for
Engineering NZ. Kylie and I will
be looking for ways to combine
some site visits and meetings to
make the most of the awesome
people, projects and places we
have here in Nelson.

Jerry.Spinks@jacobs.com
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safia.moniz@
holmesconsulting.co.nz

Kylie@cgwl.co.nz

Rebecca.McMahon
@beca.com
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CANTERBURY

OTAGO

Duncan Henderson

Charles McDermott

Nima Taghipouran

Matt Fitzmaurice

Duncan is a Geotechnical
Engineer at Tonkin & Taylor
in Christchurch where he has
been since October 2017. He
has been involved in a range
of projects, most recently in
the Geotechnical Structures
design team for the NCTIR
alliance. Duncan completed his
BE(Hons) in 2010 and Masters
of Engineering in 2013, both at
the University of Canterbury.

Charles is a Senior
Geotechnical Engineer with
Miyamoto in Christchurch.
He is originally from the
UK where he graduated
with a BEng (hons) in Civil
Engineering from Kingston
University (2007). Charles
moved to Christchurch in 2013
where he has been involved in
earthquake recovery and the
design of a number of large
infrastructure projects.

Nima is a chartered
professional engineer based
in the WSP-Opus office in
Dunedin. Nima graduated from
the University of Auckland in
2012. He has been involved in a
wide range of medium to large
scale projects throughout the
lower North Island. His areas of
interest include foundation and
retaining wall design, slope
stabilisation and earthquake
engineering.

Matt is an engineering
geologist in GHD’s Dunedin
office. He has 9 years’
experience working in both
the Western Australian mining
industry (predominantly
underground), and in New
Zealand consultancies. Matt’s
areas of interest typically
revolve around rock mechanics,
and he loves to get out of the
office and walk around the hills
looking at rocks.

cmcdermott@
miyamotointernational.com

nima.taghipouran@wsp.
com

matthew.fitzmaurice@
ghd.com

DHenderson@
tonkintaylor.co.nz

QUEENSTOWN

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.

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,

P O Box 12 241,
WELLINGTON 6144.

Paul.Jaquin@wsp-opus.co.nz
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EDITORIAL POLICY

Welcome to the first issue of 2020. Due to
Covid-19 our branches have been unable
to have Presentations however it has been
encouraging to see Northland and Auckland
both host online Presentations opened up to
all members that were hugely popular with
members both in New Zealand and overseas.
I have received several emails of thanks and
appreciation of the ability to stay engaged and
view Presentations under lockdown. These have
been recorded and advertised in our weekly
emails. I would like to thank Engineering New
Zealand for helping us host these events as
well as the Presenters for agreeing to online
Presentations and being recorded. Also, special
thanks to our Branch Reps for putting in the
hard work behind the scenes and adapting
quickly to continue to support our members
during lockdown.

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 2019-2020
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POSITION

NAME

EMAIL

Chair
Vice-Chair & Treasurer
Immediate Past Chair
Elected Member
Elected Member
Elected Member
Elected Member
Appointed Member
Co-opted Website Editor
Co-opted NZ
Geomechanics Editor
NZ Geomechanics Editor
Co-editor
Co-opted YGP
Representative
IAEG Australiasian
Vice President
ISRM Australiasian
Vice President
ISSMGE Australasian
Vice President

Ross Roberts
Eleni Gkeli
Tony Fairclough
Sally Dellow
Sally Hargraves
Rolando Orense
Jen Smith
Teresa Roetman
Olivia Gill
Don Macfarlane

chair@nzgs.org
treasurer@nzgs.org
TFairclough@tonkin.co.nz
S.Dellow@gns.cri.nz
sally@tfel.co.nz
r.orense@auckland.ac.nz
jsmith@tonkintaylor.co.nz
secretary@nzgs.org
Oliviag@cmwgeo.com
don.macfarlane@aecom.com

Gabriele Chiaro

gabriele.chiaro@canterbury.ac.nz

Aine McCarthy

aineymcc@gmail.com

Doug Johnson

DJohnson@tonkintaylor.co.nz

Paul Horrey

Paul.Horrey@beca.com

Phil Robins

Philip.Robins@beca.com

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

 n ews 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.

NZGS Membership
SUBSCRIPTIONS
www.nzgs.org

Annual subscriptions cost $105 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.
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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/

Abseil Access Ltd...................................... inside back cover
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Contract Landscapes Ltd ......................................................85
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Strongstone................................................................................... 81
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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.
SPECIAL PLACEMENTS
TYPE

BLACK
AND WHITE

COLOUR

Double A3

-

$1400

INSIDE FRONT OR
BACK COVER

OPPOSITE
CONTENTS PAGE

$1600 (front A3)

SIZE
420mm wide x 297mm high

Full page A4

$600

$700

$1000

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.

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
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$1000

210mm wide x 297mm high

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 preapproval of the NZGS committee.
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National and International Events

2020		
16-19 August
Texas, USA
Symposium for Offshore
Geotechnics ISFOG
30 August – 2 September
Illinois, USA
4th International
Conference on
Transportation Geotechnics
(ICTG)
7-11 September
Budapest, Hungary
6th International
Conference of
Geotechnical and
Geophysical Site
Characterization
1-3 October
Perth, WA
Slope Stability 2020
Symposium
13-16 October
Oxen Hill, USA
45th Annual Conference
on Deep Foundations
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16-18 October
Dunedin, NZ
NZGS Symposium
2020 – Good Grounds
for the Future

23-27 October
Beijing, China
ARMS11-11th Asian Rock
Mechanics Symposium
2-6 November
Kyoto, Japan
5th World Landslide
Forum
15-18 November
Arlington USA
10th International
Conference on Scour
and Erosion
10-12 December
New Delhi, India
6th International
Conference on
Forensic Geotechnical
Engineering

2021		
1 June
Torina, Italy
EUROCK 2021
7 June
Naples, Italy
Mediterranean Symposium
on Landslides
28 June
Cambridge, UK
Geotechnical Aspects of
Underground Construction
in Soft Ground
19-21 July
Nanchang, China
6th GeoChina International
Conference
9-10 September
Fukuoka, Japan
5th International Workshop
on Rock Mechanics and
Engineering Geology in
Volcanic Fields
20-22 September
Asuncion, Paraguay
Latin, American Congress
on Rock Mechanics

12-17 September
Sydney, Australia
ICSMGE2021
20th Conference on
Soil Mechanics and
Geotechnical Engineering

2022		
15-18 May
Asuncion, Paraquay
LARMS 2022 ISRM
13-17 June
Helsinki, Finland
EUROCK2022
26 June
Chania, Greece
9th International Congress
on Environmental
Geotechnics

2023		
9-14 October
Salzburg, Austria
15th ISRM International
Congress in Rock
Mechanics
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ROCK ANCHORS

ROCKFALL NETTING
& CATCH FENCES
SLOPE
STABILISATION

DESIGN & BUILD

www.abseilaccess.co.nz
WELLINGTON 15 Bute Street, 04 801 5336
CHRISTCHURCH 26 Thackers Quay, 03 384 0336
Main pic - Port Hills, Christchurch; Slope Stabilisation – Frances Hodgkins Home; Dunedin; Rock Anchors – Wainui, Akaroa Harbour;
Rockfall Netting & Catch Fences – Westport Water Supply; Design & Build – Anderson Creek Bridge, Old Ghost Trail, Buller.

