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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:
· Removable compressive distributive anchors
(SW-RCD)
· Removable distributive tension anchors
(SW-SMART)
· Permanent compressive distributive anchors
(SW-PCD)
· 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,
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Density Meters to Scala Penetrometers. For sale and hire call our friendly team
on 09 356 3510. If we don’t have it we will tell you who does.
Heavy Duty Scala Penetrometer
• Available in standard or heavy duty models
• Heavy Duty Scala has components made from higher
tensile material. Available in heavy duty upper assembly
only or heavy duty to 1 m
• Suitable for investigation up to 5 m (material dependant).

Auger
• T-handle, extensions and Auger head in a canvas carry bag
• Standard auger head is 50 mm Ø
• 70 mm and 100 mm heads also available.

Geotechnics Impact Tester
• Meets internationally recognised ASTM and standards
• Extremely useful tool which can be used on wide range of
construction materials
• Simple correlation from the impact value to an inferred CBR.

Shear Vane - Geovane
• Determines strength of cohesive soils
• Reading in kPa and Nm
• Measures up to 240 kPa
• 19 mm or 33 mm vane blade for different strength materials
• Widely accepted engineering tool.

Nuclear Density Meter
• Quickly and accurately measures density and moisture
content of soils and aggregates
• Can be used for asphalt thin lift measurements
• Plateau tests to determine ultimate number of roller passes
• Automatically calculates moisture, air voids and % compaction
• Simple to use
• Full assistance on any use, safety or licensing requirements.
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GEOTECHNICS LTD
Auckland, Hamilton, Tauranga, Wellington and Christchurch
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The Measurement &
Calibration Centre

The Measurement &
Calibration Centre

MCC Auckland
P. + 64 9 362 1720
www.themcc.co.nz

contents
xxxxxxxxxxxxxxxx

20

72

56

04 Chair's corner
06 Editorial

62

Technical

18 Rockfall Protection – LDS Church,
Dunedin
20 Wynyard Quarter Innovation Precinct
Stage 1 Building 5A Ground Anchors

30 Fifteenth Geomechanics Lecture
Geotechnical Issues in Displacement
Based Earthquake Design of Highway
Bridges and Walls: Part 2
56 Holistic seismic design of clustered
soil-foundation-structure systems using
a large laminar box
62 Site subsoil class determinations
in Tauranga
72 Characterising Blue Slip and its
Impact on the Transport Corridor
82 Soil Infiltration Rates

company profile

Reviews

News

08 News in Brief
14 Academic News
15 NZGS Learning Needs Assessement

Project news

26 CMW Geosciences

88 YGP Poster Winners 2015

photo competition

book

28 2016 Competition and how to enter

91 Rock Fail Engineering

xx
30

Society

92 NZGS Young Geotechnical
Professionals
93 NZGS Awards calendar

obituary
94 Don Taylor
95 Alfred Brian Hawkins
97 International Society Reports
99 Branch Reports
102 Branch Coordinators
104 Membership Profile
105 Welcome to new member
106 Management Commitee List,
Editorial Policy, Subscriptions
107 NZGS word, Advertising,
Membership
108 National and International
Events

Cover image: Specialist Anchor Drilling Equipment HD180 Anchoring Rig, Wynyard Quarter, Auckland.
June 2016 • NZ Geomechanics News

3

chair ’s corner

Charlie is the Chief
Geotechnical Engineer
at MWH in Christchurch.
Educated as a civil engineer
in Dublin and an Engineering
Geologist at Imperial College
in London, he has worked on
dam and tunnel projects in
Africa, oil and gas projects in
the North Sea, hydroelectric
power stations in Pakistan
and the UK. He moved to
New Zealand in 2003 to work
on Project Aqua, and spent
seven years working with
URS in their Christchurch
office before moving to
MWH in 2011.

Charlie Price
Chair, Management
Committee

The first few months of the year are
relatively quiet for the society, which gives
quite a relief from the normal hectic pace
of things. This year has been no exception,
but during the period December to March
we have the election of officers to add
to activities, and having these occurring
across the Christmas break, with the call
for nominations in mid-December and
nominations closing in late January, is a
challenge. It is a time of the year when
members perhaps have little enthusiasm
for society affairs and elections. Below I
refer to a proposal to change the timing of
the AGM, and this would ease this election
timing issue also.
2016-2017 Committee
This year Ken Read retired from the
Committee after his two year term of
office, and Eleni Gkeli, from Opus in
Wellington, was elected to replace him.
Thank you Ken for your efforts for the
society over the last couple of years, and
welcome Eleni. Eleni will take over the role
of ‘distinguished speaker liaison officer’.
Geomechanics News Editorship
Ross Roberts ends his term as editor
of the Geomechanics News with this
edition. It has become the usual practice
to have two editors working concurrently
on the bulletin, which enables a co-editor
to be ‘in place’ before the retirement of
the lead editor. Marlene Villeneuve will
now take over as lead editor, and Don
Macfarlane has been volunteered into
joining the editorial team. Welcome Don,
and thank you Ross for all your hard work
in the editor’s role. The regular rotation
of editors of the bulletin means that the
editorial role becomes available at least
every two years and I would commend any
member to consider taking on the role.
The Website
The retirement of Ross as editor of
Geomechanics News has freed him up to
take on another role, and he will now step
into the role of website manager. The
society website has long been in a state
of fluctuation, and re-establishing it onto
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a new platform has been on the cards for
a few years now. Over the last year or so
Ross has formulated the elements of what
the society needs in a website and we
approved the commissioning of this new
website in March.
Earthquake Engineering
Guidelines
Members will be aware of the efforts
being made over the last few years into
producing the Earthquake Geotechnical
Engineering Guideline series in conjunction
with MBIE. In my previous Chair’s corner,
in December 2015, I mentioned that the
Earthquake Geotechnical Engineering
Guideline series was being rationalised,
with a new numbering system and an
introductory module being introduced.
Following the publication of the Ground
Improvement Specification Module in
October the second of the series, the
overview module, was published in March;
this knits together the various modules
in the series and presents a few aspects
common to all modules, in particular the
estimation of ground motion parameters.
You should have received notification of
the publication of another module in the
new series by the time you read this. This
is the second edition of the liquefaction
module, the old module 1, now module
No 3. Members will be pleased to see in
this that efforts are now being made to
address the tricky subject of liquefaction
of volcanic soils, which is discussed in
this module. While few solutions can
be provided on this topic at the present
time it is now the subject of substantial
research at New Zealand universities, and
over the coming few years there is likely to
be considerable publication in this topic.
Members can expect this topic to be
expanded considerably in future editions
of module 3 of the guidelines.
We are keen to keep these documents
as ‘live’ and up to date as possible, and it
is the intention to publish further revisions
of each of the new series whenever
warranted. In order to facilitate this the
modules are all being published for a sixmonth period of ‘public consultation’ with a
NZ Geomechanics News • June 2016
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request that NZGS members give feedback on them, after
which a further review will be undertaken. Please take
this opportunity to influence the guidelines and send any
comments to modulefeedback@NZGS.org.
One other notable geotechnical document has been
published in the last few months, and a second is due to
be published imminently. Although not commissioned
directly by the NZGS, these have been developed and
reviewed by members, and are endorsed and badged by
the society. These are ‘Rockfall: design considerations
for passive protection structures’, lead author Rori
Green, and a Ground Investigation Specification, led
by Ross Roberts. Both of these are expected to be
invaluable documents to the geotechnical profession in
New Zealand, and we are grateful to all the authors and
reviewers for their dedication in producing these.

Earthquake Geotechnical Engineering Guidelines in order
to provide training linked to each of the modules, but has
since broadened to cover more aspects of geotechnical
engineering. As a result you can expect to have more
geotechnical training offered in the future.
AGM Timing
I explained at the society AGM in March this year
that the Committee was intending to move the AGM
from March, when it has normally been held, to a time
nearer to the end of the financial year. This is to enable
ratification of the annual budget (at the AGM) at a time
closer to when it comes into effect and is needed for
accounting purposes, which is October. Under the
existing regime the budget is ratified six months into the
financial year, which prevents it being used for accounting
purposes from October. So the intention is that the next
AGM will be held towards the end of 2017 instead of
during March. I’m sure you will all be sad not to have the
chance to attend an AGM in March next year.
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5th InternatIonal ConferenCe on GeoteChnICal
and GeophysICal sIte CharaCterIsatIon

IN pURSUIT OF BEST pRACTICE
The International Society for Soil Mechanics and Geotechnical
Engineering TC102 (Ground Property Characterisation from In-situ
Tests), and the Australian Geomechanics Society invite participation
in ISC’5, the 5th International Conference on Geotechnical and
Geophysical Site Characterisation.

CONFERENCE
TOpICS

VISIT
WWW.ISC5.COM.AU
FOR DETAILS and
registration

Characterisation in Rock
Characterisation of Non-Standard Soils
and Unsaturated Soils
Characterisation of Residual Soil
Design Using In-Situ Tests
Developments in Technology & Standards
Environmental Testing
Geophysics
Interpretation of In-Situ Tests
Laboratory Testing & Sampling
Liquefaction Assessments
Pavements & Fills
Penetration Testing
Pressuremeter & Dilatometer
Application of Statistical Techniques
Case Histories

7th JK Mitchell
Lecture

KEyNOTE
LectureS

pROFESSOR AN-BIN HUANg

DR. KENJI MORI

DISASTER pREVENTION & WATER ENVIRONMENT
RESEARCH CENTRE, TAIWAN
Site characterisation for seismic analysis
slope stability

INTERNATIONAL
EXpERTS ATTENDINg
ISC5
DAVID CRAppS (USA)
DON DEgROOT (USA)
JASON DEJONg (USA)
MIKE LONg (IRELAND)
pAOLA MONACO (ITALy)
TOM LUNNE (NoRwAy)
pETER ROBERTSON (USA)
JOHN pOWELL (UK)
MARCELO DEVINCENzI (SPAIN)
DIEgO MARCHETTI (ITALy)
SEBASTIANO FOTI (ITALy)
FERNANDO SCHNAID (BRAzIL)
MARCOS ARROyO (SPAIN)
JOEK pEUCHEN (NETHERLANDS)
JOHN SCHMERTMANN (USA)
JIM MITCHELL (USA)

SHORT
COURSEs
CpT IN gEOTECHNICAL pRACTICE
Course instructors: T. Lunne,
P.K. Robertson and J.J.M.Powell

SpECIAL ADVISOR, RAITO KOgyO CO., LTD;
pRESIDENT, MORI gEOTECHNIqUE LTD;
FORMER pRESIDENT AND CHAIRMAN,
KISO-JIBAN CONSULTANTS, JApAN
Gel Push Sampler

pROFESSOR ANTONIO gENS

TECHNICAL UNIVERSITy OF CATALONIA, SpAIN
Unsaturated soil mechanics
Crushable granular soils

pROFESSOR CARLOS SANTAMARINA

BOOK NOW
INDICATIVE
pROgRAM
MONDAy
welcome
Cultural Performance
Short Courses
Registration

TUESDAy

KAUST gRADUATE RESEARCH UNIVERSITy, SAUDI ARABIA
Particle scale material characterisation

Conference Sessions
Trade Exhibition,
GEo MUSIC Evening

pROFESSOR ROSS BOULANgER

WEDNESDAy

UNIVERSITy OF CALIFORNIA, USA
Earthquake engineering
Liquefaction susceptibility assessments

Conference Sessions
Trade Exhibition
Conference Dinner

DR NINA STARK

THURSDAy

pROFESSOR MARK RANDOLpH

Conference Sessions
Trade Exhibition
Conference Close

VIRgINIA TECH, USA
Free fall penetrometers
ARC CENTRE OF EXCELLENCE FOR gEOTECHNICAL
SCIENCE & ENgINEERINg, UWA, AUSTRALIA
Offshore site characterisation, Full flow
penetrometers

FRIDAy

pROFESSOR pAUL MAyNE

SpONSORSHIp
AND EXHIBITORS

gEORgIA TECH SCHOOL OF CIVIL & ENVIRONMENTAL
ENgINEERINg, USA
Site characterisation, Cone
penetrometers, Dilatometers

DR KEN BEEN

pRINCIpAL, gOLDER ASSOCIATES, CANADA
Tailings
Characterisation of granular materials

optional Site Tours

Companies and organisations
interested in sponsoring ISC’5
and/or participating in the trade
exhibition are invited to contact
sandra@laevents.com.au for
further information.

SAMpLINg AND TESTINg

CONTACT DETAILS
ISC’5 Secretariat

FLAT DILATOMETER AND SEISMIC DILATOMETER

Renee Brown
renee@laevents.com.au
+61 3 6234 7844

Course instructors: Dr Jubert Pineda
and Kenji Mori
Course instructors: D. Marchetti,
P. Monaco, S. Amoroso
Invited speakers: K. Rollins, M. Holtrigter, R. Failmezger

editorial
Ross is Auckland Council's
geotechnical specialist, with
responsibility for managing
council's geotechnical risk, setting
geotechnical policy and providing
an interface with industry.

NZ Geomechanics News
co-editor

Marlène is Senior Lecturer at
the University of Canterbury
in Engineering Geology. She
previously worked in tunnel
design in Switzerland, the
USA and Australia, having
obtained her PhD in tunnelling
at Queen’s University in
Canada. She currently works
in rock mechanics applied
to tunnelling, geothermal,
petroleum, landslides and
seismic amplification with a
particular focus on lab testing
and numerical modelling.

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

NZ Geomechanics News
co-editor

Tell us about your project, news, opinions,
or submit a technical article. We welcome
all submissions, including:
• technical papers
• technical notes of any

length
• feedback on papers and
articles
• news or technical
descriptions of
geotechnical projects

• letters to the NZ

Geotechnical Society
or the Editor
• reports of events
and personalities
• industry news
• opinion pieces

Please contact the editors (editor@nzgs.org) if you
need any advice about the format or suitability of your
material.
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It’s common to hear the refrain in geotechnical
circles that our profession has plateaued. New theories
and technologies, so common in the mid-1900s, are
slower to arrive and less relevant in day to day practice.
Standards have replaced innovation, and software has
replaced engineering. The work going on around our
industry in New Zealand – particularly in the field of
geohazards – suggests that this view is undeserved.
At the recent 6th International Conference
on Earthquake Geotechnical Engineering held in
Christchurch we saw New Zealand academics and
professionals working at the top of the global industry.
As an example, Brendan Bradley has become the
youngest individual ever to receive the Shamsher Prakash
Research Award, the most prestigious international award
in geotechnical earthquake engineering, and, in 2015, was
the youngest recipient ever of the Young Research Award
given by the International Society for Soil Mechanics
and Geotechnical Engineering's Technical Committee on
Earthquake Geotechnical Engineering and Associated
Problems.
In Auckland the DeVoRA (Determining Volcanic Risk in
Auckland) project team is undertaking world-first research
comparing risk from volcanic hazards to weather, tsunami,
and other natural hazards. In Wellington lessons are being
learned from the Port Hills of Christchurch through a
research project to assess potential losses from slope
stability hazards across the region.
All across the country new research and knowledge
from past events is providing a more robust evidence
base for geotechnical projects. Organisations including
NZGS, MBIE, and EQC are converting this into practical
guidance for practitioners in the form of practice notes
and guidance documents. Of particular note are the
Earthquake Geotechnical Engineering Practice modules,
of which so far Modules 1 (overview), 3 (identification,
assessment and mitigation of liquefaction hazards) and
5a (Specification for ground improvement for residential
properties in the Canterbury region) have been published,
with more to follow in the coming months.
The challenge now is for the profession to keep up with
the volume of new knowledge and guidance available. A
programme of training is under development to help, and is
likely to culminate in further focussed sessions at the next
NZGS Symposium (planned for Napier on 23-25 November
2017 – save the date!).
All NZGS members have a professional obligation to
keep up to date with current practice. I urge you all to
read the draft guidelines as they are published, provide
feedback where appropriate, and attend the training
sessions when they are run.
Finally, there is an unwritten rule that co-editors step
NZ Geomechanics News • June 2016

down after two or three years to share the responsibility
and keep the bulletin fresh. Please welcome your new
Geomechanics News co-editor Don Macfarlane. Don is
so well known in the industry that he requires no formal
introduction here. Between Marlène and Don there is
no doubt that this publication will thrive. Thank you to
all the contributors who, over the past three years, have
made the editing job both interesting and fun. Keep the
great articles coming.

Be part of Beca's
Geotechnical team
workinG on some of the
BiGGest infrastructure
projects in new Zealand.
Beca is one of the largest employee-owned professional
services consultancies in the Asia Pacific. In 1918, Beca was
established in New Zealand with only three employees. Today,
Beca has a substantial Asia Pacific footprint approaching
3,000 employees in 17 offices across the world.
For over 35 years our Geotechnical team has been helping
clients from across the spectrum understand the ground
conditions and related hazards of their project sites – always
with the aim to add value with the development of smart,
economical and innovative solutions. Our national team of
80+ geotechnical professionals delivers multi-disciplinary
solutions across all sectors.
Thanks to a number of recent project wins and strong
prospects across New Zealand we are looking to fill the
following roles:

Geotechnical engineer
– Auckland (Ref. 06161)
senior Geotechnical engineer
– Tauranga (Ref. 06160)
Geotechnical engineering team leader
– Hamilton (Ref. 06159)
Refer to our website http://www.beca.com/careers.aspx
for further details.
We offer a varied role that includes managing and delivering
projects with support from our technical specialists, liaising
with clients and project management.
As part of a national multi-specialist team you will have many
opportunities to diversify and develop in your specialism
to further enhance your career with many opportunities for
national and overseas assignments.
As a valued Beca employee, you will enjoy many benefits
including:
Progressive career development
A valuable reward structure
The potential for meaningful share ownership
A multi-cultural work force and a vibrant and
supportive team environment
The opportunity for technical and non-technical
training and development
A mentoring programme giving you the opportunity to
mentor and gain mentoring at all levels of your career
If you enjoy working for an organisation that values
partnership, tenacity, enjoyment and cares for its people
and clients, then look no further than Beca.
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apply directly through our
website, alternatively for a
confidential chat please call
Steve Scannell – recruitment
partner +(64) 4 901 2394

www.beca.com

news

News – In Brief

2015 EERI
Shah Family
Innovation
award
Professor Brendon Bradley (M. EERI, 2012) has
been awarded the 2015 EERI Shah Family Innovation Prize.
Bradley is a professor in the Department of Civil and Natural
Resources Engineering at the University of Canterbury and
Deputy Director of QuakeCoRE: The Centre for Earthquake
Resilience. An emerging leader in the profession, Bradley has
made innovative and significant contributions to earthquake
engineering research and practice.
With a generous gift from the Shah family, EERI annually
awards the Shah Prize to young professionals and academics for
creativity, innovation, and entrepreneurial spirit in the field of
earthquake risk mitigation and management.
Bradley has published 80 journal papers over the past
seven years, 46 as the lead author and 25 as the sole author.
He made outstanding contributions to research studies on the
2010-2011 Christchurch earthquakes, and played a significant
role in reshaping consideration of earthquake motions and
seismic design in New Zealand. Professor Bradley co-led the
establishment of QuakeCoRE, New Zealand's National Centre
of Earthquake Resilience, and serves as its first Deputy
Director.
EERI recognizes Brendon Bradley's prolific research
contributions spanning many disciplines in earthquake
engineering, his leadership in highly collaborative international
research efforts, and his ongoing efforts to disseminate
research to practice and to the public. He was awarded the
2015 Shah Family Prize at the EERI Annual Meeting in San
Francisco on April 7, 2016.

NZ Startup
streamlining
calculation
review
Maxim Millen, winner of
the NZGS 2015 Conference
People's Choice Poster
Award, has launched
Pensolve, reputedly world’s
first engineering spreadsheet
review software. Maxim
summarised the function of
Pensolve for Geomechanics
News.
“We built Pensolve because,
as an engineer, I hate
reviewing another person’s
spreadsheet. What Pensolve
does is transform the
complex and cryptic nature
of spreadsheets into much
clearer and easy-to-read
formulas which are laid out
on calculation paper.”

To learn more about the Shah Family Innovation Prize, visit the EERI
website at https://www.eeri.org/about-eeri/honors-awards/shah-familyinnovation-prize/
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11th Australia and New Zealand
Young Geotechnical Professionals
Conference
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> Call for sponsorship
Packages still available

The New Zealand Geotechnical Society and the Australian Geomechanics Society invite
you to sponsor the 11th ANZ Young Geotechnical Professionals Conference (11YGPC).
The 11YGPC is for geotechnical professionals from New Zealand
and Australia 35 years old and younger. It is designed for
all attendees to present a technical paper on any topic of
interest / experience relating to the field of geomechanics or
geotechnical engineering.
A record number of abstracts were received and
approximately 60 delegates from across New Zealand and
Australia will be attending the conference.

ImPOrtANt DAtes
1 July 2016 - Full Paper due
25-28 October 2016 - 11YGPC Crowne Plaza
Hotel, Queenstown

11YGPC gratefully acknowledge the support of:
Platinum sponsor

Gold sponsors
Further InFormatIon please contact Frances neeson
(organising Committee Chair) 11YGPC@gmail.com
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Ground Investigation Specification
There is currently no New Zealand
standard for the procurement and
specification of ground investigation
works. This has resulted in:
a) inconsistent tendering processes
and outcomes
b) inconsistent pricing within and
between tenders due to the lack
of clarity on scope
c) u
 nclear expectations and practices
about the quality standards
required when undertaking ground
investigation works
A working group led by NZ
Geomechanics News co-editor Ross
Roberts and including representatives of
Auckland Council, Auckland Transport,
EQC, Ministry of Business Innovation &
Employment, NZ Drillers’ Federation, NZ
Geotechnical Society, NZ Transport Agency
and Watercare have produced a suitable
specification. We believe that this will be
fantastically valuable to the New Zealand
industry by helping to improve standards,
increase consistency, and decrease
unforeseen costs in ground investigation.
For contractors and consultants it
should help reduce tendering costs
by standardising the process and
expectations. There will be no need for
consultants to create a new specification
for each project, and no need for
contractors to read and assess a new

specification every time they tender.
For clients it should make the
procurement of investigations much
simpler to compare tenders by getting all
parties tendering to the same standard,
and it should reduce the cost of the
tendering process by eliminating the need
to procure a project-specific specification.
By setting a sensible level of minimum
standard it should give clients confidence
that they are getting an investigation
that safely meets their design needs and
addresses their project risks.
The document can easily be up or
down scaled depending on the nature and
complexity of the project. We hope that
the specification will be accepted by the
building and infrastructure industries as
a de facto standard. In order to get this
to work well for everyone we have made
the documents available for review and
trial (where appropriate) for a six month
feedback period, after which we will review
all the feedback and make any required
improvements.
Feedback is open until the end of
November. Documents are available
for download here http://goo.gl/forms/
dfwZr5P3Ti. All feedback would be
gratefully received to enable us to produce
a final document that is technically robust
and meets the needs of all parts of the
industry.
The sponsors gratefully
acknowledge the hard
work of the co-authors
Guy Cassidy, Tony
Fairclough, Stuart
Finlan, Stephen Grace,
Sally Hargraves,
Gilles Seve and Harry
Wahab, as well as
numerous industry
contributors from
clients, consultants and
drillers.
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MWH
bought
by Stantec
On 6 May Canada-based
design firm Stantec closed
its $795-million acquisition of
MWH Global. Stantec CEO
Bob Gomes reported that
the deal provides MWH with
better access to capital for
growth and market expansion
while Stantec gains from
integrating a water-sector
leader with a more global
platform for acquisitions and
lessens its dependence on
the oil-and-gas sector.
David Barnes, chief financial
officer of employee-owned
MWH, said the publicly
traded Stantec offers the
necessary resources to help
the combined company
dominate in infrastructure
engineering consulting.
"We're transitioning from an
employee-owned company
to being a public company,"
Barnes said. "We believe this
will result in a company that
is better capitalized for more
growth in the future. We
believe both companies can
grow faster together
than separate."
The acquisition of
6,800-strong MWH
(headquartered in Colorado)
will expand Stantec’s
capabilities in water
infrastructure services and
also significantly increase its
geographic footprint into the
UK, Australia, New Zealand,
Central and South America,
Europe and the Middle East.
It marks a key step for 15,000
strong Stantec which has,
until now, generated the
vast majority (97%) of its
revenue from the North
American market.
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Guidance for the Specification of Ground Improvement
“Geotechnical earthquake engineering practice, Module 5A - Guidance for the Specification
of Ground Improvement for Residential Properties in the Canterbury Region”, has recently
been jointly published by the NZGS and Ministry of Business Innovation & Employment
(MBIE), reports Neil Korte (Project Director, Tonkin & Taylor).

Geotechnical earthquake
engineering practice
MODULE 5A: Specification of ground improvement for
residential properties in the Canterbury region
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This is the first publication
produced under a Memorandum
of Understanding between
NZGS and MBIE to support
the development of a series
of earthquake geotechnical
engineering guidance documents.
Module 1 has now also been
issued and a number of other
guidance documents will be
progressively released over
the next 12 months.
Site5A
investigation
of
Module
was prepared
by a
potentially liquefiable sites
collaborative panel of geotechnical
engineers and contractors from a
wide variety of companies together
with other key stakeholders involved
in the Christchurch rebuild. A draft
of the document was issued for
general industry comment prior to
publication in November.
The intention of the document is
to provide best practice guidance
on what should be included in a
contract technical specification for
constructing ground improvement
(for liquefaction mitigation
purposes) for four of the most
common ground improvement
techniques being implemented in
greater Christchurch as part of the
Canterbury recovery. It is intended
that the guidance is used for small
scale ground improvement works
which are typically required for
single residential sites (typically
approximately 500 m2 in plan area).
The methods covered by the
document have the same meaning
and types as defined by the MBIE
NZ Geomechanics News • June 2016
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Guidance Document1, i.e.
•• Densified Crust, Type G1a
(excavate and re-compact) and
Type G1d (reinforced crushed
gravel raft).
•• Shallow Cement Stabilised
Crust, Types G2a (ex-situ mixing)
and G2b (stabilised in-situ
mixing).
•• Stone Columns, Type G4
(deep stone columns) and Type
G5a (shallow stone columns).
•• Driven Timber Poles, Type G5b.
The document includes a
Preliminary & General specification
(Section 1), a Testing specification
(Section 2), a General Earthworks
specification (Section 3), four
technical specifications for the
different ground improvement
options covered and a section on
Project Specific Requirements
(Section 8) that might need to be
included in a comprehensive set of
contract documents. It is intended
that geotechnical practitioners
will use various aspects of the
document as appropriate for they
particular application and need.
Large residential or commercial
developments may have different
or additional construction
requirements not covered by
this guidance document.
The ground improvement
techniques in the guideline intend
to support methods described in
the MBIE Guidance Document1 for
improving ground within Technical
Category (TC) 32 sites in Canterbury.
The ground improvement methods
provide an integrated foundation
solution consisting of both the
improved ground and the enhanced
surface foundation (constructed in
accordance with TC2 foundation
options as outlined in Section 5
of the MBIE guidance), to provide
minimum acceptable performance
for the supported superstructure.
The ground improvement methods
provide a means to improve
June 2016 • NZ Geomechanics News

resilience against the effects of
future liquefaction – such as reduced
differential settlement across the
residential building footprint at the
ground surface.
The main objectives and benefits
of producing the guidance document
are to:
i	Provide a guidance document
that is available for use by
individuals and organisation
involved in designing
and constructing ground
improvement works.
ii	Lower overall industry costs to
design ground improvement
works as standard specifications
are readily available.
iii	Lower overall construction
costs as ground improvement
techniques, specifications and
materials are standardised.
iv	Standardise and improve
consistency in ground
improvement design and
construction.
v	A supporting document to the
MBIE Guidance Document.
Module 5A also includes
a set of Guidance Notes to
provide background information
to help users understand the
principles behind certain clauses
in the specification and to assist
contract specification writers in
the development of appropriate
specifications, depending on the
type of ground improvement chosen
and the location of the site.

Neil Korte
Neil Korte is a Senior
Geotechnical Engineer
and Project Director at
Tonkin+Taylor in Auckland.
He has 24 years experience
in a wide variety of projects
including motorways, bridge
foundations, retaining walls,
slope stability, landfills,
small earth dams, subdivision
developments, trenchless
pipeline construction and
building foundations. Key
projects include the Northern
Gateway motorway,
Geotechnical Design
Manager for the Waterview
Connection motorway and
more recently as technical
advisor to Downer Soletanche
Bachy on the Central Rail
Link (CRL) enabling works in
Auckland. Neil graduated
from the University of Cape
Town in 1991 and obtained
a Masters in Engineering
Studies (Geotechnical) from
Auckland University in 2004.
He is a member of IPENZ
and a Chartered Professional
Engineer.

The document is freely available
on both the NZGS and MBIE websites:
http://www.nzgs.org/publications/guidelines.cfm
http://www.building.govt.nz/building-code-compliance/canterbury-rebuild/

1

Repairing and rebuilding houses affected by the Canterbury earthquakes (Chapter
15.3 update issued in April 2015)
2 MBIE technical category (TC) as outlined in the MBIE Guidance Document

13

news

Academic News
University of auckland
New Senior Lecturer in
Applied Geology
Dr Martin Brook has been appointed
at the University of Auckland, having
joined from Golder Associates in
Brisbane. He teaches undergraduate
and graduate-level engineering
geology. Martin spent 9 years as an
academic at the Institute of Natural
Resources, Massey University, before
spending the last 4 years as an
engineering geologist in Australia
and the Middle East, working on a
variety of mining and infrastructure
projects, the latter both on land
and over water. His interests centre
on slope stability monitoring and
site investigations using a range of
techniques, including geophysics
and UAVs. He has a PhD from the
University of Dundee and an M.Eng.
(mining) from the University of New
South Wales. Dr. Brook is currently
supervising a number of postgraduate
students. PhD: Arishma Ram – Slope
stability and failure mechanisms on
Viti Levu Fiji (MFAT-NZ Aid funded).
MSc: David Bevan – Engineering
geology of coastal slope failures
in north Waikato; Ben Fleetwood –
Geotechnical properties and slope
failure mechanisms within the East
Coast Bays Formation, Auckland; Tom
Rishworth – UAV and structure-frommotion mapping of slope failures,
Coromandel.

University of canterbury
Launch of the PSM Senior
Lecturer in Engineering
Geology
The UC Foundation and UC
have signed a partnership with
geotechnical engineering firm Pells
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Sullivan Meynink to sponsor a new
senior lecturer position in Engineering
Geology for five years.
The newly appointed PSM Senior
Lecturer in Engineering Geology,
Dr Clark Fenton, has welcomed
the support from PSM, which, he
says, recognises the strength of the
Engineering Geology programme and
the importance of our graduates to
the geotechnical industry.
“Such close collaboration with
industry is important in readying
our students for the profession
by providing access to real world
design projects, applied engineering
geology dissertation topics, and
exposure to all aspects of projects
from planning through design and
on to construction. The partnership
with PSM will also assist in growing
the engineering geology research
programme at UC, allowing us to
remain at the forefront of the science,
inform industry best practice and
geohazards, design and planning
policy.”
PSM has a reputation for innovative
and practical design in the fields of
geotechnical engineering, engineering
geology, hydrogeology and hydrology.
Twelve of PSM's professional staff
are graduates of UC’s Engineering
Geology programme.
Professional Masters
in Engineering Geology
This is the second year of the
Professional Masters in Engineering
Geology (PMEG) programme, with
the majority of the courses offered
as block modules. Currently, students
are working with academics and
industry collaborators to define,
propose and begin their dissertation
projects. Previous dissertations are
available through the University of
Canterbury Library and a list of the
best manuscripts will be available

Above: Signing of the PSM sponsorship on
20th April, 2016. Clockwise from left: UC
Foundation Chair Barry Ramsay, PSM Senior
Lecturer Clark Fenton, Vice-Chancellor Rod
Carr, PSM Director and Pincipal Engineering
Geologist Mark Eggers.

on request. Thank you to industry
collaborators who have worked
with UC students. To collaborate on
PMEG projects, please contact: clark.
fenton@canterbury.ac.nz.
Recent PhD Completions
Sarah Bastin has recently completed
her PhD thesis: ‘Liquefaction and
Paleo-liquefaction in Christchurch,
New Zealand’. She documented
liquefaction features formed
during pre-historic earthquakes in
Christchurch, and investigated the
influence of fluvial geomorphology
on the distribution and severity of
liquefaction and lateral spreading
following the Canterbury earthquake
sequence. She is now Post-doctoral
Fellow at QuakeCoRE and will
continue with her research on
identifying and dating paleoliquefaction features within New
Zealand, and further constraining
the influence of geomorphology on
liquefaction and lateral spreading.
NZ Geomechanics News • June 2016
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NZGS

Field
techniques

Complex
retaining
wall design

Liquefaction
analysis

> 2.5 m
tiered walls

geological
mapping
rock mass

Interpretive
report
writing

Deep
Foundations
piles

Stability
analysis

Ground
improvement

rockfall
landslide

stone columns
CFA piles

Survey
Results
Soft
ground

Seismic
hazard
analysis

settlement
analysis

site response
analysis

etc.

Seismic
Ground
design
improvement

Numerical
modelling
methods

reinforced raft up
to 2 m thick

finite
difference

complex
retaining
structures

Develop
geological
models

Report
reviewing

Most
Self taught/
University
training

On the job/
mentoring and
informal training

External training
1-2 days
Formal internal
training/
external
training half
day
External
training 1-2
hours /
conferences

312
respondents

68% are
members of
NZGS

25% have
CPEng

2% have
PEngGeol

Least

0-4

18-34

25+

35-44
15-25
45-54
55+

5-8

9-15

BSc
or BE

MSc
or
ME
Post
grad
PhD
dip

Geotechnical Testing Specialists
Geotechnical Investigation

Geotechnical Instruments

A wide range of geotechnical
investigation services including
cone penetration testing.

Geotechnical & structural
instrumentation services
including:

We can provide you with:

• Supply, installation and monitoring
packages

• Concrete/asphalt coring
• CPT - IANZ accredited cone
penetration testing
• SCPT - seismic cone penetration testing
and dissipation tests
• Electrical conductivity measurements to
trace contamination, provide information
on salinity and degree of leaching
• Rotary auger through hard ground and
continue CPT pushing
• Installation of piezometer and standpipe
equipment.

GEOTECHNICS LTD

Auckland, Hamilton, Tauranga, Wellington, Christchurch

• Piezometers
• Extensometers
• Inclinometers
• Groundwater loggers
• Tilt monitors
• Telemetry systems
• Structural health monitoring.

P. 0508 223 444
E. enquiries@geotechnics.co.nz

Service Location

Underground services include:
• Ground penetrating radar with dual antenna for
shallow and deep applications
• CAT scanner
• We organise council approvals and plans
• Onsite mark outs

Applications
• Locating underground services
• Locating burst pipes
• Measuring pavement thickness
• Measuring concrete slab thickness
• Identifying geological or manmade anomalies
• Locating underground storage tanks (UST’s)

Laboratory Testing

Well equipped modern
laboratories throughout
New Zealand, providing excellent
laboratory testing services for the
civil engineering industry.
We provide a wide range of tests covering
soil, rock, aggregate and concrete.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Atterberg limits
CBR (laboratory)
Pinhole
Shearbox (small)
Slake durability
Relative density
Compaction (heavy, standard and vibrating)
Soil density
Dispersion
Isotropic consolidation
Jar slake index
Thermal resistivity
Ringshear
Triaxial (CD, CUP, UU)
One-dimensional consolidation
Permeability (constant head and triaxial)
Concrete compression and density
Particle Size Distribution (sieve and hydrometer)
Solid density (speciﬁc gravity)
Unconﬁned compression.

Feel free to contact any of our offices and
they’ll be happy to fulfil your requirements.

www.geotechnics.co.nz

project news

Rockfall Protection – LDS Church, Dunedin

Leon Gerrard
Leon is a Project Manager
with Abseil Access in
Christchurch. Leon has
completed a BSc in
Geology and PG Diploma in
Engineering Geology at the
University of Canterbury.
He worked for Aurecon prior
to joining Abseil Access and
has been involved with a
range of projects in the North
and South Island, including
Port Hills Slope Stability work
for the past 5 years.
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A disused 35m high quarry face
bounds the access road and associated
carpark for the LDS Church and the
Frances Hodgkins retirement village.
The access road has been affected by
rockfalls from the basalt, breccia and
volcanic ash layered cliff face, typically as
a result of heavy rainfall events.
Abseil Access carried out the
cliff stabilisation works, designed
by GeoSolve in Dunedin. The cliff
stabilisation works were an extension of
previous stabilisation works carried out
above the Frances Hodgkins retirement
village and included:
•• Reinforced shotcrete over the
volcanic ash layer.
•• Spot bolting of unstable blocks
identified by GeoSolve.
•• Scaling of loose material as required
to gain safe access.
A flexible rock mesh anchored to the
overlying basalt was used as re-enforcing

on the undulating face. 50 mm diameter
drainage holes at 2m centers were added
to ensure ground water could escape. A
100 mm thick layer of 30 MPa shotcrete
was applied over the reinforcing mesh on
an area more than 250 m2. The shotcrete
was applied as a dry mix (gunite) using
rope access and a crane positioned on
the access road below where possible.
Several loose and unstable blocks
were identified on the cliff face and 28
No. 4m long Bluey 25mm GRP bars with
power nut and plate rock anchors in
90mm diameter holes were installed.
The holes were drilled using a drill
rig mounted to the basket frame of a
long reach boom lift, which moved along
the rockfall catch ditch at the base
of the cliff.
The project was completed to
ensure timely completion and minimal
inconvenience to the LDS Church and
the Frances Hodgkins retirement village.
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Wynyard Quarter Innovation Precinct Stage 1
Building 5A Ground Anchors
steel waler system. The ground anchoring
design works was consulted to CMW
Geosciences.
Hawkins Construction engaged Contract
Landscapes to design and construct the
steel sheet pile works and the design was
in turn consulted to CMW Geosciences.
This collaboration ensured an optimum
design would be achieved and a seamless
transition between the contracting parties
would result on site.

David Sharp
David holds a Bachelor of
Civil Engineering (Honours)
and is a member of The
Institution of Professional
Engineers New Zealand. David
has extensive experience in
the local construction market
having worked for companies
that lead New Zealand in
their specialist fields. David
understands the construction
implications of design well
and has particular experience
in post-tensioning, ground
anchoring and soil nailing.
He is regularly consulted
for expertise in these fields
having had substantial
exposure to the full spectrum
of design and construct. He is
a solution-driven professional
with more than 25 years
of significant, progressive
engineering experience. He
has also co-authored several
technical papers.

Figure 1: Sheet Pile and Anchor

SUMMARY
WYNYARD QUARTER is one of New
Zealand’s largest urban regeneration projects
and has benefited from considerable public
investment which is also set to continue.
Its public spaces and level of amenity
in Auckland is unrivalled. The planned
Innovation Precinct consists of 48,000m² of
high quality, sustainable office space across
five buildings within the Wynyard Quarter
block bounded by Halsey, Pakenham, Madden
and Daldy Streets. Stage 1 included the
development of a five storey Building 5A
with a 2-basement structure located on
Madden Street.
GROUTING SERVICES played a significant
role in providing specialist ground anchoring
services as part of the design and construction
works for the Building 5A project. The
basement required up to 7m high temporary
retention and groundwater cut off for the
formation of a permanent tanked basement.

INTRODUCTION
Grouting Services was engaged by
Hawkins Construction to provide specialist
design and construction services for the
ground anchoring works required for
the temporary perimeter retention. The
design of the anchors was integrated with
the design of the steel sheet pile system
and an innovative concrete waling system
developed that proved to be very cost
effective when compared to a traditional
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DESIGN
The site forms part of reclamation works
that were undertaken in the period 19051917, which generally involved placement of
hydraulic fill recovered by harbour dredging.
However, the reclamation also included
demolition debris, timbers, steel and other
process related wastes.
The natural materials underlying the
reclamation fill comprise clayey and sandy
silts, then older and stiffer Tauranga Group
Sediments (TGS). These materials infill
the eroded surface of the East Coast Bays
Formation (ECBF) bedrock.
The proposed retaining wall was to be
positioned along the boundary of Site
5A and used to temporarily support the
proposed two level basement excavation
prior to permanent basement wall
construction.
The retention system comprised steel
sheet piles driven to the required depth,
tied-back by inclined ground anchors
(Figure 1). Continuity of restraint between
the anchors was provided by a reinforced
concrete waler.
With consideration to planned services
developments in the adjoining road
reserve, and the development of adjacent
sites, the temporary retention anchors
included an innovation promoted by
Grouting Services in the form of removable
(RCD) multi-strand ground anchors.
The RCD multi-strand anchors are load
distributive compression type removable
NZ Geomechanics News • June 2016
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anchors that offer a complete solution
where anchorage systems are required to
be removed once they become redundant.
The removal process is generally done
by hand. In addition, allowing the steel
strand to penetrate through the inside and
be secured to the end of the aluminium
anchor body, distributes the jacking force
along the length of the anchor body which
maximizes the effective cross-sectional
area of the grout body.
The design of the steel sheet pile and
ground anchor wall system was analysed
and optimised using the established
and widely utilised proprietary software
package WALLAP (Version 6.05). A key
criterion for the design, and the objective
of the optimisation exercise was to design
a wall with the required factors of safety,
with acceptable deflections.
The consent conditions estimated lateral
deflections of up to 32mm and a limit of
30mm was subsequently recommended as
an alarm level requiring bulk excavation to
stop. The anchor levels, spacings and lockoff loads were optimized allowing estimates
of between 16mm and 25mm.
Sheet Piles
The sheet pile wall comprised 12m long
WRU17-600 sheet piles, tied-back with
one level of ground anchors installed at RL
1.0m.
The sheet piles were required to be
driven to full depth into the TGS, or where
the ECBF rock level rises to within 12m of
the ground surface the sheets should be
driven to refusal.
Ground Anchors
All anchors were designed as temporary
in accordance with BS8081-1989 Ground
Anchorages with a design life of less than
12-months.
Ground anchors were to be installed
through the front face of the sheets and
inclined at 45 degrees to the horizontal.
The anchors were spaced at 3.6 m
(nominally). Some reduced spacings were
also included to mitigate risk of deflections
where rock levels were low, and to avoid
clashing with adjacent building piles.
June 2016 • NZ Geomechanics News

The ground anchors were to be grouted
8.0 m into the ECBF bedrock providing the
necessary bond strength to resist lateral
loads. Adopting a conservative assumption
of 0.75 MPa bond capacity results in a
factor of safety of 3.8 against pull-out.
The anchors were to be proof-tested to
1080 kN (125% of working load) to confirm
adequate capacity and then post-tensioned
to 520 kN (60% of working load) to provide
the desired level of lateral restraint.
Concrete Waler Beam
Continuity between the anchors was to be
provided by a reinforced concrete waler
beam (Figure 2). The waler was designed to
spread the maximum anticipated loads at
the nominal spacing factored in accordance
with NZS1170.

Figure 2: Concrete Waler Beam

Steel corbel brackets to support the
waler were to be welded onto the sheets
below the anchor penetrations. After the
corbel installation, the waler was formed
and cast against the wall. Proprietary
anchorages complete with anti-burst
reinforcing were cast into the waler to
accept the ground anchor heads.
CONSTRUCTION
Construction of the anchoring works
commenced as soon as the sheet pile
installation was completed. The anchor
installation works proceeded in tandem

21

project news
with excavation and concrete waler beam
works which required a high level of
co-ordination and project management of
multi-disciplinary teams.
This, coupled with having to deal with
site contaminants and manky ground in the
form of rubble, gravels, timber and the like
(Figure 3), meant the site team had to be
meticulous in all aspects of construction
to optimise efficiencies and meet target
construction programmes.
Drilling
The most significant component of risk
in ground anchoring is the ground found
to be present and of particular note on
this project is the in-ground challenges
presented by the site - a combination of
reclaimed land, obstructions, a shallow
water table and rock present at deep levels.
This required heavy duty drilling work
which was managed using our HD180

proprietary anchoring rig designed with
a swing boom, super high pull back (15
tons) and high-torque rotator (up to 4000
kgm torque). The double rotation head
facilitates continuous double drive drilling
with casing and rods.
All anchor holes were put down
by conventional rotary wash drilling
techniques advancing steel casing

Figure 3: Site Pre-Excavation

Figure 4: Specialist Anchor Drilling Equipment HD180 Anchoring Rig
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through the overburden material into the
underlying ECBF rock.
Drilling fluids comprised fresh water
and all holes were flushed clean using
compressed air and water.
Figure 4 shows the proprietary
anchoring rig designed with a swing boom,
super high pull back (15 tons) and hightorque rotator (up to 4000 kgm torque).
The double rotation head facilitates
continuous double drive drilling with casing
and rods.
Figure 5: Anchor Production Facility

Anchor Manufacture
The anchors were procured from Korea
and manufactured in a world leading
production facility (Figure 5). Contingencies
were incorporated into the design length to
ensure any variabilities in the ground found
to be present could be easily dealt with.
For the temporary multi-strand anchors,
the tendons are greased and sheathed over
the free length. Critical to the performance
of a multi-strand anchor is the requirement
of the strand to be fully greased within the
lateral sheath. This is not only to allow the
tendon to satisfactorily elongate during
tensioning, but also to ensure no voids are
present within the sheathing which would
compromise the integrity of the anchor.
Each individual strand is run through a
specialist greasing and sheathing machine
that first opens the individual wires of the
strands prior to immersion in a grease bath
before completely encapsulating the strand
in the outer sheathing thus ensuring no
voids are present.
The individual greased and sheathed
strands are configured into the design
arrangement complete with plastic
centralisers over the bare strand in the bond
length to create a basket weave, and, a grout
hose and nose cone added.
The RCD multi-strand anchors (Figure
6) incorporate discrete aluminium anchor
bodies configured within the bonded
length and greased and sheathed strand
over the free length in the same manner as
the temporary anchors.
Plastic centralisers are configured to
ensure the tendon remains central in the
drill hole.
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Figure 6: RCD Anchor Configuration – bond length

Anchor Installation and
Grouting
Sloppy site conditions restricted access to
the workface and prohibited the use of the
innovative anchor carousel system. Rather,
a crane was used to hoist the anchor and
load into the drilled hole.
Anchors were installed to termination
depth, and prior to any grouting taking
place, all grout lines were checked to
ensure they were clear.
Grouting took place simultaneously
with the extraction of the temporary steel
casing and continued until cement rich
grout exited the drill home.
Grouting (Figure 7) comprised neat
cement grout with a max water:cement
ratio of 0.4. Grout bleed requirements
were less than 2%.
Reconciliation of grout volumes in
conjunction with visual checks on the
level of the top of the grout was required
to ensure adequate anchorage along the
bonded length was maintained.
Grout samples were required to be
taken and tested to validate the design
strength of the grout.
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Figure 7: Grouting Station

Figure 8: Typical Stressing Set Up

Anchor Stressing and
Protection
The stressing operations included proof
testing (Figure 8).
The anchors were proof-tested to 1080
kN (125% of working load) to confirm
adequate capacity and then post-tensioned
to 520 kN (60% of working load) to provide
the desired level of lateral restraint.
Displacements at each load increment
was recorded using a dial gauge atop a
remote tripod and at the end of the peak
load cycle, creep monitoring was recorded
over a 15 minute hold period.
Anchor heads were wrapped with denso
tape to provide the necessary temporary
protection.

the aluminium anchor body and the entire
steel strand is easily withdrawn through the
sheath leaving the small aluminium anchor
body in the grouted hole.

Anchor De-Stressing and
Removal
Anchor de-stressing and removal is
schedule to be undertaken during the 3rd
quarter of 2016. For the temporary anchors,
this will involve yielding the strands at the
anchors head with a blow torch followed by
cutting back the strands to the structural
element.
The innovation with RCD anchors means
that the entire steel strand can be quickly
and easily removed with limited site access.
The strand is simply rotated to release
the wedges which are fixed in the end of
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SUMMARY
The Building 5A project is an integral part
of the transformation of the Wynyard
Quarter Innovation Precinct and Grouting
Services not only effectively led a
design team, it provided world leading
construction expertise to get the job done
on time and on budget.
With an exemplary safety and quality
record Grouting Services extremely
pleased with the efforts made by its
internal team and greatly appreciated the
assistance provided by project team led by
Hawkins Construction.
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CMW Geosciences – Managing

geotechnical risk in, on and under the ground
CMW GEOSCIENCES is a specialist
geotechnical consultancy that was
launched four years ago as a start-up
company by our technical founding
directors. We adopt a hands on approach
and open dialogue to understand, share
and help Clients solve challenges and
manage risk in, on and under the ground.
We have over 50 staff based across
Australia and New Zealand. Our growing
New Zealand operation has approximately
30 staff based in established offices in
Auckland, Tauranga and Hamilton.
Our focus is to provide the full
spectrum of geotechnical engineering
services from Engineering Geological
landform assessment and ground modelling
to detailed geotechnical analyses and
design. We use a range of tools to assist
the delivery of our projects including
Holebase SI as our geotechnical logging
and GIS database, limit equilibrium slope
stability analysis software SLIDE, Settle 3D,
Wallap for retaining wall design, Limit State
Geo for excavations, foundations and walls
and Plaxis for more complex finite element
modelling requirements.

support and testing services within
complex and challenging geological terrain.
Our team are working on a range of large
and exciting projects including Vaughan’s
West as part of the Long Bay Communities
development, Karapiro Drive development
in Whangaparaoa, the Roscommon Drive
industrial development in Manukau City
and the design of bridge abutment details
and numerous retaining walls associated
with the widening of Albany Highway.
We are currently very busy wrapping up
construction projects following a record
earthworks season in Auckland before
preparing for what we think may be an
even busier season next summer.

Above: Foundation and abutment construction
on Albany Highway

Above: Ground modelling
using Holebase SI
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In Auckland, our projects include the
delivery of geotechnical investigation,
ground modelling, design, construction

Our Auckland geotechnical design
team focus on complex analysis, modelling
and design for temporary and permanent
works predominantly associated with
buildings, infrastructure and dams. Typical
projects to date have included the design
of gravity, geogrid reinforced and rock
anchored retaining walls to support
realignment of SH73 in Arthurs Pass,
design of temporary support for a deep
services trench and a two level basement
excavation in reclamation fill and soft
marine sediments in Wynyard Quarter,
the design of rock anchors to stabilise a
4 level basement excavation and a safety
audit on the 40m high Lower Huia Dam
zoned earthfill embankment.
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Above: Temporary works and ground conditions
at Wynyard Quarter

Above: Retaining walls at Mingha Bluff, Arthurs Pass

In Tauranga, our team are also very
busy delivering geotechnical investigation
and construction support services
on a wide range of land and building
development projects. We have quickly
established a highly competent and
one of the largest local geotechnical
consultancies in Tauranga that services
the wider Bay of Plenty and Coromandel
regions. We are currently working on
continued development of Stages 2 and
3 of the Tauriko Business Estate, a large
complex residential land development
project in Ohauiti involving the design and
construction of cantilever and anchored
retaining walls, investigation, assessment
and ground improvement design for a
service station development over peat
and soft clay in Papamoa and several
other challenging sites requiring ground
improvement assessment and design.
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Our Hamilton office was most
recently established in mid-2015 where
our team have recently moved into
their permanent office in the city. The
team are currently working on a number
of interesting projects including the
Templeview Eastern Development
involving ground improvement design
and construction monitoring over difficult
ground conditions, the Northgate
Industrial Development in Horotiu
incorporating a new traffic bridge over the
NIMT railway line, geomorphic evaluation,
investigation and design of the convoluted
Rangitahi Peninsula landform in Raglan
and the geotechnical design for the
Matamata Piako District Council water
storage reservoir.

Above: Tauriko Business Estate
earthworks, Tauranga

Contact Details
Auckland
richardk@
cmwgeosciences.com
027 407 1522
Tauranga
chrisl@
cmwgeosciences.com
027 722 2543
Hamilton
koril@
cmwgeosciences.com
027 722 2540

Above: Rangitahi Peninsula landform, Raglan

We are excited about the clients and
projects that we are currently involved with,
the opportunities we face to work on more
challenging and rewarding projects and the
potential to grow each of our teams.
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Fifteenth Geomechanics Lecture
Geotechnical Issues in Displacement Based Earthquake Design
of Highway Bridges and Walls: Part 2

John Wood is a consulting
civil engineer specialising
in bridge design, structural
investigation, soil-structure
interaction and earthquake
engineering. Before setting
up his consulting engineering
practice in 1986, he wasHead
of the Ministry of Works,
Central Laboratories.
His recent work includes
peer reviews of seismic
strengthening proposals
and seismic risk assessment
for hydro power stations.
He has carried out bridge
strengthening design and peer
review for the New Zealand
Transport Agency, and
research into the earthquake
performance of underground
structures, reinforced earth
retaining walls and bridge
abutments.
John is a Life Member
and past President of the
New Zealand Society for
Earthquake Engineering.
He holds post-graduate
degrees in structural and
civil engineering from both
the University of Canterbury
and California Institute of
Technology
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Lecture Summary
There is a growing emphasis on Displacement Based Earthquake Design (DBD) analysis
for buildings, retaining walls and bridge structures. DBD is specified as the preferred
design method for highway structures in a draft revision of Section 5 of the Bridge
Manual (NZ Transport Agency) expected to be adopted in 2016.
For bridges and major retaining wall structures, the damping and deformations within
their foundations and backfilling have a major impact on their displacement response. In
the past, the geotechnical input for the design of structures has focused on investigating
and defining the soil strength parameters. To implement DBD methods there is now a
need to investigate and assess soil stiffness as well as strength and to focus more on soilstructure interaction analysis.
The lecture highlighted the influence of soil stiffness and damping on the earthquake
response of retaining walls and bridges and discussed the effects of the uncertainty
in these parameters. DBD design procedures were illustrated by examples from the
presenter’s research background on soil-structure interaction.
The lecture was presented in the following three parts:
1. Rigid and flexible including outward sliding retaining walls
2. Stiff retaining walls and bridge abutments
3. Bridge DBD and pile foundations
This paper presents material discussed in Part 2 of the lecture. Material presented in
Part 1 was published in the June 2015 issue of NZ Geomechanics News. Material in Part
3 will be published in the December 2016 issue of NZ Geomechanics News.
1. Stiff Retaining Walls
It is usual to simplify the complex problem of the interaction of earthquake generated
elastic waves in the soil with wall structures by assuming that the earthquake ground
motions are equivalent to dynamic inertia forces acting in the backfill mass. Dynamic
pressures on the wall can then be estimated by analysing the wall and backfill modelled
as an elastic continuum or failure wedge subjected to both gravity and horizontal body
forces. The pressures that develop are very sensitive to the elastic flexibility of the
structural components of the wall and the ability of the wall to move outward (rotation or
translation) because of either permanent deformations in the foundation soils or inelastic
behaviour of the structure.
The behaviour of wall structures during earthquakes can be broadly classified into
three categories related to the maximum strain condition that develops in the soil near
the wall. The soil may remain essentially elastic, respond in a significantly nonlinear
manner or become fully plastic. The rigidity of the wall and its foundations will have a
strong influence on the type of soil condition that develops.
Many low walls are of cantilever type construction. In this type of wall, lateral
pressures from vertical gravity and earthquake forces will often produce sufficient
displacement within the wall structure to induce a fully plastic stress state in the retained
soil. In more rigid free-standing walls, such as gravity (e.g. reinforced earth and crib
block walls) counterfort walls and building basement walls, a fully plastic stress state
may develop as the result of permanent outward movement from sliding or rotational
deformations in the foundation. In cases where significant nonlinear soil behaviour
or a fully plastic stress state occurs in the soil during earthquake loading, the wellknown Mononobe-Okabe, (M-O) method (Mononobe and Matsuo, 1929) can be used to
NZ Geomechanics News • June 2016
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Figure 1: Wood, 1973 FEA model
for fixed base cantilever wall
deforming in flexure

compute earthquake pressures and forces acting on the
wall. Details of the M-O theory and its application were
presented in Part 1 (NZ Geomechanics News, June 2015).
Retaining structures that are not free-standing or have
rigid foundations (piles or footings on rock or stiff soil) may
not displace sufficiently, even under severe earthquake
loading, for a fully plastic stress state to develop in the
soil backfill. Particular examples of these types of walls
include; bridge abutments that may be rigidly attached
to the bridge superstructure or founded on piles,
basement walls that are an integral part of a building on
a firm foundation, and closed culvert or tank structures
embedded in the ground. For many of these types of walls,
the assumptions of the M-O method are not satisfied, and
pressures and forces are likely to be significantly higher
than given by application of this method.
In some cases, the wall may be sufficiently rigid for
the soil to remain elastic under combined earthquake
and gravity loads. More generally, there will be sufficient
deformation for nonlinear soil effects to be important or
for wall pressures to be significantly lower than for a fully
rigid wall. These intermediate cases or stiff walls are more
difficult to analyse than the limiting cases of fully plastic or
rigid elastic behaviour.
In Part 1, theory of elasticity methods for estimating
earthquake induced pressures on rigid walls were
presented. This present section addresses the issue of
walls that are flexible but not sufficiently flexible for the
M-O assumptions to be valid (called stiff walls). The top
deflection under gravity and earthquake loads of stiff
walls is typically less than 0.3% of the wall height. Elastic
theory solutions are presented for walls that deform by
flexure in a cantilever stem and for rigid walls that rotate
about their base. Theory of elasticity approximations are
an informative method of assessing the importance of the
June 2016 • NZ Geomechanics News

wall deformations and whether more refined non-linear
finite element analyses are necessary for stiff walls that
have intermediate flexibility.
1.1 Flexure in Cantilever Wall Stem
Theory of elasticity solutions for cantilever fixed base walls
that deform in flexure and for rigid walls that deform by
base rotation were presented by Wood (1973) and Wood
(1991) respectively. Veletsos and Younan (1997) presented
approximate theory of elasticity solutions for both these
types of walls.
The finite element model used by Wood (1973)for the
flexural analysis of the fixed base wall is shown in Figure 1.
Earthquake loading was represented by a static horizontal
body force assumed to be uniform throughout the soil
layer and have magnitude Coγ, where Co is an acceleration
coefficient and γ the soil unit weight. Gravity loading
was represented by a body force of magnitude γ acting
in the vertical direction. The wall height was divided into
20 equal elements and the soil mass was divided into 29
elements along the length of the layer with a square mesh
used for the six elements closest to the wall. Plane strain
rectangular elements with a second order displacement
field were used. The model was verified against the
analytical theory of elasticity solution for a rigid smooth
wall (Wood, 1973). Good agreement between the analytical
and numerical results confirmed that the mesh and
element stiffness theory were satisfactory.
Minor differences in assumptions were made by Wood,
and Veletsos and Younan to evaluate the pressures on the
wall, force actions within the wall and the displacements
of the wall. These are summarised in Table 1 for both the
fixed base walls deforming in flexure and the rotating base
rigid stem walls (see Section 1.2).
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Parameter

Wood, 1973 and 1991

Veletsos and Younan, 1997

Method

Theory of Elasticity using finite
element analysis.

Approximate analytical Theory
of Elasticity:
Vertical normal stresses = 0
Horizontal variation of vertical
displacement = 0

Wall contact

Smooth and perfectly bonded.

Limited to perfectly bonded by
approximate theory.

Poisson’s ratio Soil

ν = 0.3

ν = 0.333

Relative flexibility of wall and soil for:
Fixed base flexure in stem.
Where, Es and Ew = Young’s modulus for soil and wall respectively; Iw
= second moment of area for wall. Where G = shear modulus of soil
Relative flexibility of wall and soil for:
Rotating base rigid stem walls.
Where Kmr, Kmf are rigid and
forced wall dimensionless moment
coefficients respectively (approximately 0.6 and 0.4).
Rq is the rotational stiffness of
the base.

Table 1: Assumptions for Cantilever Wall Analysis.

The results of Wood have been reworked for the
present study by adopting the Veletsos and Younan
relative flexibility parameters dw and d and using a Poison’s
Ratio of 0.333. The results for the wall formed with
rectangular plane strain elements (see Figure 1) were also
checked against a model with beam elements representing
the wall.
The normal pressures acting on the wall, sx from
the Wood analyses for the smooth and bonded wall
assumptions are shown in Figures 2 and 3 respectively.
A comparison between the Wood, and Veletsos and
Younan wall pressures for the bonded wall case is shown
in Figure 4.
The pressure plots are presented in dimensionless
parameters to enable them to be conveniently evaluated
for any soil stiffness (shear modulus), soil unit weight,
horizontal acceleration and wall height. For a given
flexibility ratio dw , the normal pressures are dependent on
the acceleration coefficient Co, soil unit weight γ, and wall
height H but are independent of the soil stiffness directly.
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Figure 2: Normal pressures on smooth fixed base cantilever wall.
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gives Ko = ν/(1-ν) where ν is the soil Poison’s ratio. For
flexible walls active Rankine pressure can be assumed
but for stiff walls it is helpful to have results based on the
elastic soil assumption consistent with the assumptions
made for the earthquake pressures.

Figure 3: Normal pressures on bonded fixed base cantilever wall

Figure 5:. Normal pressures on smooth fixed base wall from gravity
load.

Figure 4: Comparison of Wood, and Veletsos and Younan normal
pressures.

Pressures calculated by Wood for a smooth wall under
gravity loading are shown in Figure 5. In view of the usual
layered construction method of placing soil the bonded
wall assumption is not relevant for the gravity load case.
In practical applications it is necessary to combine
earthquake and gravity load pressures. Gravity pressures
for rigid walls can be calculated by the conventional at-rest
assumption (pressure coefficient Ko = 1-sin(φ), where φ is
the soil friction angle) or by assuming elastic theory which
June 2016 • NZ Geomechanics News

The total force acting on the wall (or stem base shear)
and the bending moment at the base of the stem were
obtained by integrating the pressure distributions shown
in Figures 2, 3 and 4. Plots of these shears and moments
for both smooth and fully bonded walls for earthquake
load are shown in Figures 6 and 7 respectively and for the
smooth wall gravity load case in Figure 8.
The shears and moments are plotted in dimensionless
terms so that, as was the case for the normal pressures,
they can be used to evaluate solutions for any values of
Co, γ and H. For comparison, the values of these force
actions presented by Veletsos and Younan are also
plotted. Superimposed on the plots are M-O forces
and moments calculated for a smooth wall assuming a
soil friction angle φ = 35o. M-O values are plotted for
acceleration coefficient values of Co = 0.2 and 0.5. Since
the M-O actions do not vary linearly with Co and are
independent of dw, they are drawn as separate horizontal
lines over a range of typical Co values used in design.
The normal pressure plots show that significant tension
stress develops in the soil near the top of the wall for dw
values greater than five. Significant tension is unlikely
to occur in most soils so for dw > 5 integration of the
pressures results in base shear and moment values that
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are lower than might occur in practice. Corrections can
be made by subtracting the shear and moments calculated
for the tension areas. (More refined finite element
analyses could iteratively modify the element properties to
eliminate the tension areas.)
For the bonded wall case Figures 6 and 7 show
good agreement between the Wood, and the Veletsos
and Younan base shears and moments. Comparison of
the elastic theory base moments with the M-O values
indicates that for dw greater than approximately 15, walls
are likely to be sufficiently flexible for the M-O base
moment predictions to be satisfactory for wall design.
(The tension normal pressures indicated by the elastic
solutions are relatively minor for dw < 15 suggesting that
the theory might be satisfactory for the design of walls of
intermediate stiffness, that is for 0 < dw < 15.)

Figure 7: Wall base moment from earthquake load pressures.

Figure 6: Wall base shear from earthquake load pressures.

Figure 8: Wall base shear and moment from gravity load pressures.

Plots of the earthquake load displacement at the top of
the wall, ut for both smooth and bonded walls are shown
in Figure 9. The Veletsos and Younan curve for wall top
displacement is shown for comparison and agrees closely
with the bonded wall case. The factor required to express
the deflections in dimensionless form includes the soil
shear modulus G in addition to Co, γ and H.
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superposition of the pressures on a rigid wall and a forced
rotating wall resulting in the adoption of the more complex
stiffness parameter than used by Veletsos and Younan. As
shown in Figure 10 the rotational stiffness was represented
by a linear spring of stiffness kw located at height h. The
Veletsos and Younan rotational stiffness parameter R, is
equivalent to kwh2.
The results of Wood (1991) have been reworked for
the present study by adopting the Veletsos and Younan
relative flexibility parameter d. (Table 1) and using a
Poison’s Ratio of 0.333.
The rotating wall normal pressures, base shear, base
moment and top displacement from the Wood analyses for
smooth and bonded assumptions are shown in Figures 11 to
18. The same dimensionless parameters used to present
the flexible stem rigid base wall results have been used.

Figure 9: Wall top displacement from earthquake load case.

1.2 Base Rotation of Rigid Wall
The model used by Wood (1991) for the analysis of the
rigid wall rotating about its base is shown in Figure 10.
As for the rigid base cantilever wall deforming in flexure,
earthquake loading was represented by a horizontal body
force of magnitude, Coγ assumed to act throughout the
soil layer. Gravity loading was represented by a vertical
body force of magnitude γ . The finite element mesh was
the same as described in Section 1.1 for the rigid base
cantilever wall.

Figure 11: Normal pressures on smooth rotating wall.

Figure 10: Rigid rotating wall model.

The difference in assumptions and relative stiffness
parameters used by Wood, and Veletsos and Younan to
evaluate the pressures on the wall, force actions within
the wall and the displacements of the wall are summarised
in Table 1 (Section 1.1). Wood’s analysis method used
June 2016 • NZ Geomechanics News

Figure 12: Normal pressures on bonded rotating wall.
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Figure 13: Wood, and Veletsos and Younan normal pressures for

Figure 15: Wall base shear from earthquake load pressures on

bonded rotating wall.

rotating wall.

Figure 14: Normal pressures on smooth rotating wall from gravity load.

Figure 16.: Wall base moment from earthquake load pressures on
rotating wall.

Figure 12 shows good agreement between the Wood, and Veletsos and
Younan normal pressures acting on the bonded rotating wall.
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the bottom load cells. The load cell units were very rigid
resulting in negligible horizontal translation at the base of
the wall. The arrangement of the sand box and wall are
shown schematically in Figure 19.

Figure 19: Rotating wall shaking table test set-up.

Figure 17: Wall base shear and moment from gravity load pressures on
rotating wall.

Figure 18: Wall top displacement from earthquake load on rotating wall.

1.3 Experimental Verification of Rotating Wall Theory
Wood (1991) carried out shaking table tests on a model
rotating wall consisting of a 25 mm thick aluminium alloy
plate, 0.6 m high by 2.24 m wide, mounted at one end of a
2.15 m long sand box. The depth of the sand layer was 0.55
m. The wall was supported horizontally by eight load cells
arranged in two horizontal rows. Swivel joints were used on
the load cells and adjustable length cantilever springs were
added to the top row of load cells to allow rotation about
June 2016 • NZ Geomechanics News

Adjusting the cantilever spring lengths allowed the
rotational stiffness of the wall to be varied. Measuring the
forces on the wall with load cells at two different heights
enabled the centre of pressure to be determined as well
as the total force on the wall.
Uniform medium sand was placed into the sand box
by showering from a screw conveyor. The density of
the dry sand was increased by shaking the table at peak
accelerations of up to 0.6 g for periods between 1 and
2 minutes. Measured densities after compaction by this
method ranged from 16.0 kN/m3 to 16.5 kN/m3.
Two methods were used to measure Young's modulus
for the sand. The first involved comparing the measured
natural frequency of the compacted sand with analytical
predictions. This analysis showed that a Young's modulus
of 1.9 MPa was required to match the measured frequency
of 12.5 Hz for the sand retained by a rigid wall. The
second method involved rotating the wall by static forcing
and measuring and comparing the force-displacement
relationship with the theory of elasticity solutions for the
forced rotating wall. Several load cycles were carried out
before and after the dynamic testing. A Young's modulus
of 2.1 MPa was obtained taking an average of the initial
parts of the inward and outward loading curves.
The sand box and wall were dynamically shaken with a
4 Hz sinusoidal input at acceleration amplitudes stepping
from 0.1 g to 0.6 g in increments of 0.1 g for each cantilever
position.
In order to compare the measured wall forces with elastic
theory, a finite element model was used to compute force
and moment coefficients for wall boundary and soil elastic
constant assumptions simulating those used in the testing.
The model represented the wall plate as beam elements
and therefore included the flexibility of the plate between
the load cell locations and the flexure in the cantilever,
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above the top load cells. A fully bonded contact was
assumed using a uniform soil with a Poisson’s Ratio of 0.3.
For comparison with the theory, the experimental
responses were based on an average of the peak values
recorded for shaking table nominal accelerations of 0.2 g
and 0.3 g.
The experimental and theoretical dimensionless
dynamic outward force increments, Fd are plotted in
Figure 20 against the Veletsos and Younan rotating wall
stiffness parameter, dq (see Table 1).

1.4 Combined Flexure of Stem and Base Rotation
Veletsos and Younan (1997) presented base shear,
center-of-pressure heights and top of wall displacement
for cantilever walls with combined deformation from
flexure in the stem and rotation of the base of the wall.
These combined results are not available from the Wood
analyses since superposition is not strictly valid when the
wall shape differs for the two separate deformation cases.
Superposition may give approximate results but it is better
to use the Veletsos and Younan results when there is
significant deformation from both types of wall flexibility.
Veletsos and Younan did not present base moment
results but these can be derived from their tabulated
values of base shear and center-of-pressure. Plots of base
shear, base moment and top of wall deflection are shown
in Figures 21, 22 and 23 respectively. The relative flexibility
factors and dimensionless parameters are the same as
used above for the separate wall types.

Figure 20: Comparison of theoretical and experimental wall forces

There is reasonable agreement between the measured
and theoretical forces for d, < 4. At higher d, values, the
experimental forces become significantly greater than the
theoretical solution. The M-O dimensionless horizontal
force increment for φ = 350 and wall friction of 2/3φ is
also shown in Figure 20 and varies from 0.32 to 0.37 as
the peak acceleration increases from 0.2 g to 0.3 g. The
dynamic force increment on the wall for d, > 4 agrees
quite closely with the M-O solution suggesting significant
nonlinear behaviour of the soil at this level of flexibility.
Errors in the experimental forces will arise because of
side wall friction effects and amplification in the wall/soil
model. Theoretical finite element studies indicated that
the lowest natural frequency of the most flexible wall/soil
model was about 10 Hz. Therefore the amplification of the
highly damped soil model at 4 Hz would be expected to
be small. Side wall friction effects could not be measured
but from the comparisons of the rigid wall results with
theoretical predictions, it is thought that side friction might
reduce the wall forces by 10 to 15%.

40

Figure 21: Base shear on cantilever wall; from Veletsos and Younan.
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that developed in the backfill soil as a consequence of the
failure of a length of wall is shown in Figure 25.

Figure 24: Wilson Canyon flood channel
Figure 22: Base moment on cantilever wall; from Veletsos and Younan.

Figure 25: Soil cracking indicating wall stem failure.

Figure 23: Top displacement of cantilever wall; from Veletsos and
Younan.

1.5 Flood Control Channel Example
To illustrate the application of the results presented for
the fixed base cantilever wall an analysis of a U-section
flood control channel is presented in this section. The
channel section is based on the Wilson Canyon, San
Fernando, California channel analysed by Wood (1973).
Sections of this channel were seriously damaged in the 9
February 1991, magnitude 6.6 San Fernando earthquake. A
typical section is shown in Figure 24 and the soil cracking
June 2016 • NZ Geomechanics News

In the as-designed walls the main flexural reinforcement
in the stem was reduced in area and lapped at
approximately 1 m above the base. Failure probably
occurred at this lap area which was the most critical
section. To simplify the example presented here, it was
assumed that the main flexural steel was unlapped and
that the base section of the wall was the most critical
section.
The assumed input parameters and a summary of the
computed results are given in Table 2.
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Parameter

Value

Comment

Input Parameters
Wall stem height

3.0 m

Stem thickness

0.25 m

Cover to main flexural reinforcement

50 mm

Flexural reinforcement bar diameter

20 mm

Flexural reinforcement bar spacing

250 mm

Concrete strength, fc

35 MPa

Assumed probable strength (25 x 1.4)

Reinforcement yield strength

300 MPa

Assumed probable strength (275 x 1.1)

Backfill unit weight, γ

19 kN/m3

Backfill friction angle

35o

Friction angle for wall face

0o

Assumed smooth wall. Low friction expected in strong shaking

Backfill soil Young’s modulus, E

20 MPa

Reduced to allow for deformation in soil from outward
movement

Backfill soil Poisson’s ratio, ν

0.333

Backfill soil shear modulus, G

7.5 MPa

Calculated from E and ν : G = E/(2(1+ν))

Backfill soil shear wave velocity

62 m/s

Calculated from G and γ : V = (G/(9.81*γ))1/2

Design earthquake magnitude

7.5

Used to calculate displacement from plastic hinging in stem

Design earthquake PGA

0.55 g

Used to check the maximum displacement from hinging

Flexural tensile strength concrete, ft

4.4 MPa

ft = 0.75 fc1/2

Cracking moment for stem, Mc

0.090

Flexural capacity of stem, Mu

0.135

Wall inertia moment at PGA, Mw

0.032

Young’s modulus concrete, Ec

28 GPa

Calculated Results
In dimensionless form (Mc/γH3). Assumed plane strain model
In dimensionless form (Mu/γH3)

In dimensionless form (Mw/γH3)
Ec = 4700 fc1/2.
m3

Based on uncracked section

Moment of inertia for stem

0.0013

Cracking stiffness reduction factor

0.25

Based on Priestley et al, 1996 for cracked columns

Flexibility ratio uncracked stem, dwu

5.6

See Table 1: Veletsos and Younan

Flexibility ratio cracked stem, dwc

22.4

See Table 1: Veletsos and Younan

Backfill active pressure coeff, KA

0.271

From soil friction angle. Smooth wall.

M-O active pressure coeff, KAE

0.804

For PGA (Co = 0.55)

Active pressure gravity moment

0.045

In dimensionless form

Stiff wall gravity moment

0.052

See Figure 8 (dw = 5.6). In dimensionless form

Uncracked stiff wall 1-g EQ moment

0.32

See Figure 7 (dw = 5.6). In dimensionless form for Co = 1.0

Cracked stiff wall 1-g EQ moment

0.17

See Figure 7 (dw = 22.4). In dimensionless form for Co = 1.0

Top deflection: 1-g EQ, cracked

0.58

See Figure 9 (dw = 22.4). In dimensionless form for Co = 1.0
ut G/(CoγH2): where ut = top deflection

Top deflection: gravity load, cracked

0.016

From Wood, 1973. In dimensionless form (dw = 22.4).

Table 2: Flood Control Channel Example
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Moments at the base of the flood channel wall stem
and the deflection of the top of the wall are plotted over
the design range of the acceleration coefficient (0 to
0.55) in Figure 26. The inertia moment from the wall stem
has been added to the combined gravity and earthquake
moments (G + E moments). This is a conservative
approximation as the “free” inertia load from the wall will
be reduced by interaction with the backfill.

uniform body forces to represent the earthquake load are
expected to be very conservative in many applications.
The charts presented above and the procedure used for
the flood channel example should provide a convenient
preliminary design method for stiff walls.
2. Bridge Abutments
2.1 Reinforced Earth Abutment Walls
Many recently constructed rail and highway overpass
bridges in New Zealand use reinforced earth (RE)
abutment walls with spread footing type abutments resting
on the wall backfill. The State Highway 1, Seddon Railway
Overbridge, shown in Figures 27 and 28 is a typical single
span railway overbridge with high RE abutment walls.

Figure 26: Moment and deflection performance curves
Figure 27: Seddon Railway Overbridge.

The performance curves show that the wall becomes
cracked at an acceleration coefficient of 0.11 and reaches
its flexural capacity at an acceleration coefficient of 0.4.
Over this range the G + E base moment is approximately
13% greater than the base moment calculated using
M-O. After the flexural capacity is reached the wall will
deform plastically with rotation at a plastic hinge at the
base of the wall. Outward displacement beyond the
critical acceleration coefficient of 0.4 was estimated using
the Newmark, 1965 sliding block theory and adopting
the Jibson, 2007 correlation equation (see Part 1) for a
displacement probability of exceedance of 16 %. A top
displacement of approximately 0.65% of the wall height
was estimated at the design acceleration coefficient level
of 0.55 indicating a displacement ductility demand on
the wall of less than 2. This is a relatively small demand
compared to the ductility capacity of approximately 5
estimated from consideration of strain limits in the stem
base section (explained in Part 3).
In applying elastic theory for this example the effects
of the tension stresses at the top of the wall have been
ignored. This will lead to the moments in the wall being
underestimated by a moderate margin. On the other
hand, the assumptions made regarding a rigid base and
June 2016 • NZ Geomechanics News

Figure 28: Typical section of overbridge abutment wall.

2.1.1 Earthquake Design
The earthquake design method specified in the NZ
Transport Agency’s Bridge Manual (BM) is based on a
limiting equilibrium (LE) analytical analysis developed
by Bracegirdle, 1980 and verified by model shaking
table tests carried out at the University of Canterbury
(Fairless, 1989). A bilinear failure surface is assumed
to develop at the toe of the wall and to propagate up
through the reinforced block (RB) and the retained
soil behind the RB. An upper-bound failure criterion
is applied to find the critical failure surface inclination
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angles and the acceleration at which sliding develops.
Forces acting on the failure wedge are shown in Figure
29. The disturbing forces acting on the sliding block
are the imposed forces from the bridge, Fi and R, RB
wedge weight W, RB wedge inertia force, Pi, and the M-O
pressure on the back of the RB, FAE (Wood and Elms,
1980). These are resisted by soil friction and cohesion
(usually zero) on the failure plane and the tension forces
in the reinforcing strips that cross the failure surface.
Horizontal and vertical equilibrium equations are solved
for the critical acceleration coefficient , kc to initiate failure
of the wedge resulting in the following expression,

(1)

Where α is the failure plane angle to the horizontal
and the other symbols are as defined in Figure 29.
The failure plane angle is varied iteratively to give
the minimum critical acceleration. The design response
acceleration acting on the sliding block is obtained
by reducing the peak ground acceleration (PGA) by
a performance reduction factor Sp to allow for wave
scattering effects and an acceptable limit of outward
movement.
An external stability analysis is also undertaken as part
of the wall design using horizontal equilibrium equations for
sliding on a horizontal plane through the base of the wall.
The base vertical pressures are estimated using moment
equilibrium equations. Gravity and earthquake forces acting
on the RB for the external stability analysis are shown in
Figure 30. For bridge abutment walls the friction angle on
the back of the block is usually taken as 10°.

Figure 29: Forces acting on RB failure wedge.
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The earthquake inertia forces from the bridge
superstructure and abutment footings are assumed to be
distributed equally to the abutment walls at either end of the
bridge, and are applied uniformly across the wall with the line
of action at the same height as the centre of gravity of the
combined superstructure and abutment footing.
Thee passive resistance of the soil behind the abutment
structure can often resist the total of the superstructure and
abutment inertia loads but relatively large displacements are
required to develop the full passive resistance and therefore
providing resistance at both abutments is considered
necessary to limit displacement damage to the wall facings.
Transfer of the bridge inertia forces to the RB is often
critical at the “pull” abutment (outward loading) and is
checked by calculating the pressures on the top facing
panels by an empirical or finite element analysis. The
panels need to be reinforced to resist these pressures and
additional strips may need to be provided to anchor the
top panels. Sliding of the abutment on top of the block
is also checked with additional resistance provided by
a shear key on the underside of the footing or anchor
strips attached to the footing.
For the earthquake load case, unfactored gravity loads
are combined with earthquake loads with no live load on

the bridge and approach carriageways.
The LE analyses can be verified using the STARES
software program (Balaam, 2006). The analysis method
used in STARES is based on the Bishop, 1995 simplified
procedure for unreinforced slopes and is modified
specifically for investigating the stability of Reinforced
Earth structures. A circular rupture surface is assumed
and the limiting equilibrium of the sliding mass considered

Figure 30: External stability analysis.
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taking into account the stabilising influence of the
tensions developed in the reinforcing strips. The analysis
is repeated for a large number of trial failure circles to
estimate the minimum critical acceleration to initiate
sliding of the mass. The method is similar in principle to
the LE analysis method but the LE method assumes a
bilinear failure surface rather than a circular surface.
2.1.2 Dead and Live Load Design
For the static load case of dead plus live load (G + Q)
design analyses are based on the method described in the
Terre Armee Internationale (1990) (TAI) Design Guide.
In the TAI internal stability analysis procedure, the
vertical pressures on the maximum tension line at each
strip level using factored ultimate limit state (ULS)
design loads from the soil mass and surface live loads,
are calculated by moment equilibrium and assuming a
Meyerhof vertical stress distribution. Vertical pressures
from the factored bridge and abutment ULS loads are
calculated using a simplified theory of elasticity solution.
The combined vertical stresses on the maximum tension
line are converted to horizontal pressures by pressure
coefficients that vary from at-rest at the surface to active
at a depth of 6m. The strip resisting length is taken as the
length behind the maximum tension line. Three possible
maximum tension lines are investigated; one behind the
facing panels, one running to the rear of the abutment
footing and one intermediate line that intersects the
abutment footing.
Often the strip density over most of the height of the
abutment walls is more critical under earthquake loading
than under the G + Q load case. If there are high live load
pressures on the top panels the density in several of the
top rows of strips may be critical under G + Q.
2.1.3 Strip Length and Density
Results of analyses of RB’s with various strip lengths and
densities to determine the critical earthquake acceleration
coefficient, kc to initiate failure are shown in Figure 31.
The analyses were based on a uniform RB with uniform
strip densities and length over the height. Inertia loading
was from the block alone with bridge loads neglected.
The ground surface behind the wall was assumed to be
horizontal.
The input parameters used in the analysis were values
typically used in design and are summarised in Table 3.
The results show that for a 10 m high wall to achieve a
typical design level critical acceleration of 0.35 g the total
strip lengths per unit area of facing would be 23.3, 21.3
and 20 m/m2 for strip densities of 10/3m, 8/3m and 6/3m
respectively. (A width length of 3 m is a convenient unit as
the standard facing panels are 1.5 m wide.) This indicates
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that for high walls relatively long blocks with lower strip
densities may often be more economical than shorter
blocks with higher densities.

Figure 31: Critical accelerations for various strip geometries

Parameter

Value

Comment

kN/m3

RB unit weight, γ

22

RB soil friction angle

36o

Unit weight of soil behind
RB

22 kN/m3

Friction angle of soil
behind RB

36o

Strip width

45 mm

Strip thickness

5 mm

Strip vertical spacing

0.75 m

Strip corrosion allowance

1.5

Strip yield stress

350 MPa

Strip ultimate tensile
stress

480 MPa

Strip bolted connection
strength

86 kN

Strip friction factor at
surface

1.5

Strip friction factor at 6 m
depth

0.73

Strip yield strength
reduction factor

0.9

Strip friction reduction
factor

0.8

Total thickness

= tan(frict.
angle in RB)

Table 3: Parameters for Critical Acceleration Analysis
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2.1.4 Analysis Example
The Seddon Railway Overbridge (Figures 27 and 28) was
subjected to very strong ground shaking in the magnitude
6.6, August 2013, Lake Grassmere earthquake. A PGA of 0.75
g was recorded 200 m from the bridge site. The bridge and
walls were undamaged although displacements of up to 15
mm were observed at one of the abutment footings and small
movements in the backfill caused minor misalignment of wall
panels at one abutment (Wood and Asbey-Palmer, 2016).
To illustrate the application of the LE analysis method
to an abutment wall a summary of a back-analysis of
the performance in the Lake Grassmere Earthquake is
presented in this section. Input parameters for the backanalysis and the main results are summarized in Table 4.
The earthquake inertia forces from the bridge
superstructure and abutment spread footings (including
the seating beams) were assumed to be distributed equally
to the RBs at either end of the bridge, and were applied
uniformly across the RB’s with the line of action at the top
of the abutment seating beams.
Figure 32 shows the failure surface predicted by the
LE analysis. The critical acceleration to initiate outward
failure through the RB was estimated to be 0.41 g by
both the LE and STARES analyses. Because the critical
acceleration was less than the PGA’s in both components
of the recorded horizontal accelerations at Seddon,
significant outward sliding was considered likely. An upper
limit to outward displacement on the RB failure plane was
calculated using the recorded acceleration time-histories
as inputs to a Newmark sliding block analysis (Newmark,
1960) carried out with a special purpose software program
(DISPLMT, Houston et al, 1987).
The Newmark analysis gave a sliding displacement on the
RB failure plane of 5.6 and 7.8 mm for the Seddon N00E and
N90W time-history components respectively. The N00E
component with a PGA of 0.62 g is directed along the axis of
the bridge so the smaller of the two displacement values is
the best estimate. A displacement sliding response curve is
shown in Figure 33 for the N00E component together with
the acceleration time-history input and illustrates the sliding
steps that occur at the points when the input acceleration
exceeds the critical acceleration.

Parameter

Value

Comment

Input Parameters
RB unit weight, γ

20 kN/m3

RB soil friction angle

36o

Unit weight of soil behind
RB

20 kN/m3

Friction angle of soil behind RB

36o

Strip width

60 mm

Strip thickness

5 mm

Strip vertical spacing

0.75 m

Strip lengths – top to bottom

10, 10, 7, 7, 7, 7, 7, 7 m

Strip densities – top to
bottom

11, 11, 8, 6, 4, 4, 4, 4
strips/3m

Strip corrosion allowance

0

For
assessment

Strip yield stress

275 MPa

250 x 1.1 for
assessment

Strip ultimate tensile
stress

440 MPa

Strip bolted connection
strength

85 kN

Strip friction factor at
surface

2.25

1.5 x 1.5 for
assessment

Strip friction factor at 6 m
depth

1.09

1.5 x tan(RB
frict angle)

Strip yield reduction factor 1.0
Strip friction reduction
factor

1.0

Bridge reaction on abutment

100 kN/m

Bridge inertia load

41 kN/m

At critical
acceleration

LE Analysis Results
Critical acceleration

0.41 g

Failure plane angle: lower
section

20.6o

Angle to
horizontal

Table 4: Seddon Railway Overbridge: Back-Analysis

Figure 32: Failure plane from LE earthquake load analysis.
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The LimitState:GEO analysis gave a total resistance
for the combined wall and footing of 340 kN/m. Failure
slip-lines from this analysis are shown in Figure 35. With
a 0.62 g inertia force acting in the backfill and taken
to be in phase with the abutment and superstructure
inertia forces this reduced to approximately 150 kN/m.
It is unlikely that all the inertia forces would be in phase
for a significant time period so the average resistance
would be greater than 250 kN/m. The combined abutment
and superstructure inertia force at 0.62 g response
acceleration was estimated to be 120 kN/m and the
backbone curve gave a displacement of 10 mm at this
load level.
Figure 33: Sliding displacement on LE failure plane. Seddon N00E EQ
component.

The passive stiffness and capacity of the 1.97 m mean
height abutment backwall (upstand, footing depth and
footing key depth) when loaded against the backfill was
calculated using empirical equations developed by KahaliliTehrani et al (2010) for the backbone response of vertical
walls with homogenous backfills. This method does
not account for the stiffening and increased resistance
of the friction against the base of the footing or the
softening effect of inertia loads in the backfill. To assess
the significance of the resistance from the combined
wall and footing and backfill inertia forces a typical
abutment section was analysed using the LimitState:GEO
software. LimitState:GEO carries out limit analyses using
a discontinuity layout optimization technique (Smith and
Cubrinovski, 2011).
The backbone curve from Kahalili-Tehrani et al is shown in
Figure 34 and indicates a passive resistance of the abutment
walls of approximately 300 kN/m (for unit width of wall).

Figure 34: Passive resistance of abutment using Kahalili-Tehrani et al, 2010
June 2016 • NZ Geomechanics News

Figure 35: Passive resistance slip-lines for bridge and abutment inertia
loads

Under loads directed away from the abutment backfill
(abutment pull loads) the inertia forces acting on the
abutment are resisted by sliding friction on the base
of the wall. Forces transferred to the top of the RB are
then transferred to the facing panels which resist these
outward pressures by load transfer to the reinforcing strips
anchoring the panels to the top of the RB (typically the top
two layers of strips).
A factor of safety of 0.85 against outward sliding of
the abutment footing was calculated for a response
acceleration of 0.62 g (PGA in Seddon N00E component).
Newmark sliding block theory indicated that any sliding
movement would be less than 2 mm. The RB facing panels
and top strips were found to have adequate strength to
transfer the abutment inertia forces into the RB’s.
2.2 Integral Abutments
2.2.1 Structural Form
In an integral bridge there are no movement joints in
the superstructure between spans and between spans
and abutments. If the superstructure and substructure
are constructed monolithically the bridge is usually
referred to as fully integral. An integral bridge which has
bearings at the abutment and/or piers and as a result,
the superstructure and substructure do not necessarily
have to move together to accommodate the required
translations and rotations, is usually referred to semiintegral. Figure 36 shows the main elements of an integral
bridge abutment system, which consist of a bridge deck,
girders, integral cast abutments and approach slabs. The
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bridge movement is accommodated at the ends of the
approach slabs. Sleeper slabs are commonly used to
provide vertical support for the ends of the approach
slab where the slabs abut the roadway pavement. The
abutments are often supported on piles but spread footing
type abutments can be used in suitable ground conditions
or on top of reinforced earth walls (see section 2.1).
Both in New Zealand and internationally, there is an
increasing interest in the design and construction of
integral and semi-integral bridges which have some marked
advantages over other bridge construction forms, such as
reduced maintenance. However, there are a number of
design issues mainly related to soil-structure action effects
at the abutments that arise from concrete creep, shrinkage
and temperature movements and passive resistance
effects under earthquake loads (Wood, 2016).

Figure 36: Elements of integral bridge system

2.2.2 Performance in Earthquakes
A large number of integral abutment type bridges have
been subjected to strong ground shaking in earthquakes
that have occurred over the past 45 years in New Zealand
(NZ) and California. The performance of the bridges in
California is of particular interest since approximately
half the concrete bridges on the state highway system,
constructed after about 1960, have integral abutments
(or monolithic end-diaphragm abutments in Caltrans
terminology). In contrast to California, the number of
bridges constructed with integral abutments in New
Zealand is only a small percentage (perhaps 5%) of the
total and most of these were constructed prior to 1960.
Three State Highway (SH) bridges with integral
abutments were subjected to very strong shaking (PGA ≥
0.3 g) in the 4 September 2010 magnitude 7.1 Darfield and
22 February 2013 magnitude 6.3 Christchurch earthquakes,
and a number of significant aftershocks following these
main events. Two bridges with integral abutments were
subjected to strong shaking (PGA > 0.13 g) in the 21 July
2013, magnitude 6.5 Cook Strait earthquake and the
same two bridges together with three other bridges were
subjected to strong shaking (PGA > 0.13 g) in the 16 August
2013 magnitude 6.6 Lake Grassmere earthquake.
A performance review of integral abutments on SH
bridges in NZ and California identified the following design
considerations:
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•• Integral abutments are much stiffer than adjacent
piers and therefore attract a large part of both the
longitudinal and transverse inertia loads from the
superstructure.
•• Earthquake forces on the abutments of long and
wide bridges can be large and special detailing of the
backwall and their foundations is required to resist
these forces.
•• Approach slabs but approach or friction slabs should
be used and well anchored to avoid separation from
the abutment.
•• To reduce longitudinal displacements of straight
bridges and horizontal rotations of skewed bridges,
backfilling with densely compacted cohesionless
soil is important.
•• Damping from abutment soil-structure interaction can
increase the overall damping to a much higher value
than the 5% often assumed in bridge design.
2.2.3 Seismic Design
The shape and height of the abutment walls will generally
be determined by considerations other than seismic
performance. The small initial stiffness of the backwall
passive load response is almost independent of the wall
height but the ultimate passive resistance is proportional
to the square of the wall height so generally there are
advantages in having the backwall as high as practicable.
The displacement based design method (DBD, Priestley
et al, 2007) should be used for the analysis of bridges
with integral abutments. This method provides a more
satisfactory way of allowing for the relative stiffness of
the piers and abutments and the effects of soil-structure
interaction (damping and stiffness) from the sub-structure
components than force based design procedures. (DBD
methods of bridge analysis are covered in Part 3.)
The stiffness of the soil against the abutment walls can
be determined using the hyperbolic force-displacement
(HFD) relationship presented by Khalili-Tehrani et al, 2010.
This relationship has been calibrated against earlier LogSpiral Hyperbolic force-displacement models (Shamsabadi
et al 2005, 2006 and 2007) which in turn were calibrated
against several small-scale and full-scale tests of abutment
walls and pile caps. The form of the HFD equation is:

(2)

Where F and y are the lateral force per unit width of the
backwall and the deflection respectively. The parameters
ar and br are height-independent parameters that depend
only on the backfill internal friction, cohesion, unit weight
NZ Geomechanics News • June 2016

and soil strain at 50% of the ultimate stress. H is the
backwall height. The exponent n is dependent on the soil
cohesion and internal friction (n = 2 for cohesion = 0). The
exponent range is 1< n < 2.
Figure 37 compares displacement versus force curves
calculated using the HFD equation with experimental
results from Rollins et al, 2010 who undertook fullscale tests to quantify the effects of cyclic and dynamic
loading on the force-displacement relations for typical
pile caps and abutment walls. The axes in the figure are
dimensionless with the force Pd = P/0.5γ H2B, where P is
the total force on the wall, γ the unit weight of the soil and
H and B the height and width of the wall respectively.
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Figure 37: Passive resistance from HFD equation and test results from
Rollins et al 2010.

The HFD equation is strictly only applicable for a wall
that is uniformly translated against the backfill. In many
applications the wall will rotate as well as translate against
the backfill and for these cases it is best to represent the
force against the backfill by a series of Winkler springs
over the height of the wall. The force-displacement
relationship for each spring should be based on assuming
a linear increase of stiffness with depth and with the total
stiffness of the springs adding to the stiffness represented
by the HFD equation.
The passive resistance and stiffness of abutment walls
is reduced by skew angles. Passive force-deflection curves
for skewed abutments based on laboratory testing of
model walls have been presented by Jessee and Rollins
(2013) and compared with numerical studies undertaken on
skewed abutments by Shamsabadi et al (2006).
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slab was 2.5 m long buried at a depth of 0.68 m. Cyclic
loading was applied to the wall with a hydraulic actuator
and a loading system that restrained the motion of the wall
to pure horizontal translation (without rotation). A moist
medium dense sand backfill was used. Figure 38 shows
the test arrangement.
Force-displacement results for both the wall with
a friction slab and a similar model without a friction
slab are shown in Figure 39. The axes in the figure are
dimensionless with the dimensionless force as defined for
Figure 37.

Figure 38: Model wall testing of abutment walls with friction slabs.

Damping associated with abutment dynamic cyclic
loading can be estimated from the test results of Rollins
et al, 2010. The values that they measured during slow
cyclic loading appear to be appropriate for most bridge
abutment applications. Median values for densely
compacted sand, fine gravel and coarse gravel were all
about 18%.
Static cyclic load tests reported by Rollins and Cole
(2006) on a full-scale pile cap indicate that gaps of 50%
to 70% of the peak displacement may develop in a coarse
gravel backfill. However, these tests do not simulate the
inertia loads in the backfill that arise in strong shaking.
Cyclic inertia loads in the backfill force the backfill
material back against the backwall to potentially develop
active pressures against the backwall.
2.2.4 Friction Slabs
The impact of gapping on the dynamic response can be
reduced by using settlement or friction slabs (Wood, 2010).
Settlement slabs should be anchored to the abutment and
be located at a depth of approximately 1 m so that they
effectively act as friction slabs and improve the bridge
performance by reducing any gapping and increasing
the damping. Sliding of settlement slabs and abutment
footings is a very effective method of increasing damping.
Yeo, 1987 carried out what appears to be the only
published experimental research on the earthquake
performance of friction slab abutments. A friction slab
was combined with a vertical abutment wall in the final
stage of a more comprehensive study of the performance
of model abutment walls subjected to cyclic loading. The
model walls were 1.0 m high x 2.4 m wide and the friction
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Figure 39: Experimental cyclic force-displacement curves for
translation of model abutments.

Comparison of the cyclic force-displacement curves
in Figure 39 shows clearly the benefits of a friction slab
for abutment walls under cyclic loading. It increases
the stiffness and failure loads and for a given load level
reduces the permanent displacement or “gapping” effect.
Damping represented by the areas within the forcedisplacement loops was estimated to be approximately
22% and 16% for the walls with and without the friction
slab respectively.

NZ Geomechanics News • June 2016

technical

Figure 40: Slip-lines from LimitState:GEO for abutment fitted with friction slab.

2.2.5 Integral Abutment Example
To quantify the longitudinal resistance available from a
typical bridge integral abutment results were calculated
for a 3 m high abutment wall fitted with and without a
6 m long friction slab located at a depth of 1.5 m below
the top of the wall. The backfill material was assumed to
be cohesionless gravel with an internal friction angle of
35o and unit weight of 20 kN/m3. A force-displacement
relationship for the abutment without the friction slab was
calculated using the HFD equation (Section 2.2.3) and the
influence of the slab on the response was investigated
using the LimitState:Geo software.
The failure slip lines for the abutment with the friction
slab are shown in Figure 40 for both the case when the
force applied by the bridge is directed towards the backfill
(push) and when it is directed away from the backfill
(pull). Failure loads from LimitState:GEO were; 950 and
640 kN/m (of width) for the push direction with and
without a friction slab respectively, and 105 kN/m for the
pull direction. The HFD equation gave a load of 620 kN/m
at large displacements (> 200 mm) – in good agreement
with the LimitState:GEO result for no friction slab. The
LimitState:GEO result for the pull case is approximately
equal to 0.85Ws tanφ ; where φ is the soil internal friction
angle and Ws is the weight of soil above the friction slab.
The force-displacement relationship from the HFD
equation for the 3 m high wall is plotted in Figure 41
together with curves for the wall with the 6 m long friction
added. The total force curve (Push + Pull) is for the case
when abutments at both ends of the bridge provide
combined resistance to longitudinal loads. The curves for
the walls with friction slabs added are approximate as
LimitState:GEO does not provide displacements.
The superstructure of a typical two-lane NZ highway
bridge constructed from prestressed concrete has a
weight of approximately 10 kN/m2. The force ordinate
in Figure 41 can therefore be interpreted as the
response acceleration acting on a 100 m long bridge
(weight = 1 MN/m of width) subjected to a longitudinal
static acceleration. To assess the performance of this
hypothetical bridge a demand curve based on the NZS
1170.5 response spectrum for a 1000 year return period
June 2016 • NZ Geomechanics News

Figure 41: Force versus displacement and earthquake demand curves.

and Site Subsoil Category C is superimposed on Figure
41. The spectrum is scaled to 15% equivalent viscous
damping to account for the high damping expected from
soil-structure interaction at the abutments. Intersection
of the response and demand curves indicates that the
wall passive resistance and the frictional resistance from
slabs at both ends of the bridge (ignoring any resistance
from the piers) limits the longitudinal displacement to
less than 50 mm under a design level event. Integral
abutments enhanced with friction slabs can therefore be
very effective in reducing the longitudinal displacement
response to a level unlikely to cause significant damage to
any of the substructure components.
3. Conclusions
3.1 Stiff Retaining Walls
The flexibility of a retaining wall has a significant influence
on the earthquake-induced soil pressures. Methods of
predicting earthquake pressures on rigid and flexible walls
are well documented in the literature but there is limited
published information on methods of analysis for stiff
walls with flexibility intermediate between these limiting
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cases. Were the wall geometry is relatively simple, theory
of elasticity methods can be used to estimate earthquake
actions on these stiff walls with sufficient accuracy for
design. These methods also give an indication of whether
significant non-linear soil behavior is likely and whether a
more sophisticated finite element analysis is justified.
3.2 Overpass Abutment Walls
High bridge abutment walls of RE construction have
performed well in the strong ground shaking generated
by the 2010-2011 Canterbury earthquake sequence (Wood
and Asbey-Palmer, 2013) and the 2013 Lake Grassmere
earthquake. Laboratory model testing and back-analysis of
a number of RE walls subjected to strong shaking indicates
that the LE analysis method is satisfactory for design. The
walls can be designed for accelerations significantly less
than the PGA providing a Newmark sliding block analysis
is carried out to estimate the displacements on the failure
plane.
3.3 Integral Bridge Abutments
The stiffness and damping available from bridge abutment
structures may often have a large influence on the
earthquake response of the bridge. To reliably predict the
longitudinal response of integral or semi-integral bridges
a displacement based design approach that considers
soil-structure interaction at the abutment backwalls, span
seating beams and piles should be used.
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Introduction
The 2010-2011 Canterbury earthquake sequence, the
2010 Maule Earthquake in Chile as well as the 2011
Tohoku earthquake in Japan, has shown that saturated
loose sandy ground is extremely prone to liquefaction1-4.
In the case of Canterbury earthquakes the scale of
devastation caused by liquefaction, especially to shallow
foundations of individual residential dwellings, was
without parallel in NZ history (e.g. Figure 1). While the
displacements at the surface of a sand deposit can be
easily observed, the cause of such surface deformation
lies underground. While a body of knowledge has been
gathered over the past 40 years, the subsurface nature
of the causes of the phenomenon has prevented a full
understanding. Consequently, the intrinsic reasons for
the damage to shallow foundations, surface-mounted
structures and underground facilities, are hidden and are
not well understood. Recent simulations of field shaking
e.g. using T-Rex4 and explosives do not correctly simulate
the liquefaction process because of the different nature
of the ground excitations. In the current research at the
University of Auckland Centre for Earthquake Engineering
Research (UACEER), shake table tests using a laminar box
and centrifuge tests will be performed to enable a more
realistic simulation of earthquake loading and the resulting
soil behaviour. The results obtained from the simulations
will provide insights into the failure of structural
foundations from soil liquefaction that has clearly been
identified by the Royal Commission of Enquiry as needing
urgent resolution5.
In conventional design practice earthquake-induced
soil-foundation-structure interaction (SFSI) is hardly
considered. If SFSI is considered at all, then usually linear
soil behaviour is assumed. The influence of adjacent
structures on the nonlinear seismic behaviour of a group
of soil-foundation-structure systems is as good as ignored.
Yet, the significant impact of nonlinear soil behaviour
on the overall structural seismic performance prevails4,
particularly in regions with poor soil, was observed in
almost all major earthquakes. The need for an urgent
resolution of building damage, due to nonlinear soil
induced foundation failure, has been identified by the
Royal Commission of Enquiry. Although it is known that the
soil supporting one building and that supporting multiple
buildings behave differently, the effect of multiple building
foundation-soil systems has hardly been considered due
to the complexity. An integrated consideration of a closely
NZ Geomechanics News • June 2016
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Figure 1: Impact of liquefied soil on structures

coupled soil-building system is virtually unknown. These
deficiencies will be addressed in the research at UACEER.
A clearer understanding of the whole system dynamics
will lead to more accurate design simulation of the system
response and thus improved economic and resilient
aseismic design.

Figure 3: Pipe system, box interior and sand raining

Figure 2: A large laminar box at UACEER

Simulation of liquefiable sand
To simulate the impact of liquefiable sand on structures
a laminar box6, 7 with dimensions of 2 m x 2 m x 2 m was
built at UACEER (Figure 2). Each laminar layer can move
up to 175 mm horizontally. The sand inside the box can
undergo a maximum shear strain of approximately 9%,
June 2016 • NZ Geomechanics News

which is useful to simulate the anticipated displacement
in a large earthquake event. Figure 3 (top to bottom)
shows the pipe system at the base of the box, the
waterproof silicone rubber membrane inside the box and
the sand raining procedure aimed at achieving a uniform
sand distribution. The box is waterproof such that
saturated sand can be contained without leakage while
undergoing large shear strain.
To study the subsurface movements smart particles
utilised in an existing EQC project will be further
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Summary
A much improved understanding of the subsurface
liquefaction process, including the influence of superstructure
dynamics on liquefiable soil in conjunction with ground
excitation characteristics can be achieved using the new
facilities. This will enable a more realistic estimate of where
and how liquefaction risk can be avoided or mitigated.
The understanding of subsurface soil and foundation
movement will enable the development of suitable ground
improve-ment techniques and improved holistic design of
shallow foundations and pile foundations.
The understanding of shallow foundation response,
incorporating nonlinear soil properties and the group
effects of the dynamics of superstructures, will enable a
better assessment of foundation displacement and an
estimate of the displacement threshold when significant
soil yielding commences.
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Site subsoil class determinations in Tauranga

ABSTRACT:
The site subsoil classes used in Tauranga often rely on
relatively shallow ground investigation data, and a site
subsoil class C (shallow soil) is often used for seismic design
outside of areas dominated by Holocene materials. In this
study, active- and passive-source surface wave testing
was undertaken at a number of sites around Tauranga to
determine the shear wave velocity profile of the subsurface.
The results were combined with the available geotechnical
and geological information to define the site subsoil class
of each site in terms of NZS1170.5 (SNZ 2004). While parts
of Tauranga are underlain at relatively shallow depth by
ignimbrites, site subsoil class C may not be an appropriate
classification, as the ignimbrites may not classify as rock
and are often underlain by older alluvial deposits due to
the complex geological history of the area. The results of
this preliminary study indicate that most of the sites within
the Tauranga Basin are likely to have a site period greater
than 0.6 seconds, and should therefore be classified as site
subsoil class D (deep or soft soil) at a minimum, especially
those more than a few hundred metres from the edge of the
basin. Site subsoil class E (very soft soil) was also applicable
for two sites that were located near the edge of the basin,
due to the presence of greater than 10 m of material with a
shear wave velocity less than 150 m/s.

1. Introduction
Tauranga is the largest city in the Bay of Plenty, and
one of the fastest growing areas in New Zealand. While
most buildings are low-rise, several multi-storey office
buildings have been constructed in recent years. Tauranga
is in an area of moderate seismic hazard, with a hazard
factor (Z) of 0.20 according to NZS1170.5:2004 (SNZ
2004). The Tauranga area has had an active seismological
past, however the volcanic activity and active fault belt
associated with the Taupo Volcanic Zone have now moved
further towards the south-east.

Figure 1: Geological cross section of Kaimai Range and Tauranga Basin
(Briggs, 1997).
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The geology around Tauranga is a complex mixture of
estuarine, fluvial, volcanic flow and airfall deposits. The
oldest materials in the Tauranga region are the volcanic
and volcaniclastic rock of the Kaimai Subgroup, which
form the Kaimai Range in the western limit of the Bay
of Plenty. The bulk of the region was formed by a series
of pyroclastic flows (ignimbrites), varying in age from
Late Pliocene to Quaternary (Briggs et al. 2005). The
ignimbrites have formed plateaus with a gentle dip towards
the north or north-east, with Pleistocene and Quaternary
volcaniclastic sediments infilling the north-eastern part
of the Tauranga Basin, which also comprises Tauranga
Harbour (refer Figure 1 and 2). There are also several
localised lava domes and flows, which range in age from 2.9
to 1.9 Ma (Otawa Volcanics and Minden Rhyolite (R5-R6)),
including the prominent Mount Maunganui dome.
Because of the complex geological setting and different
interpretations on whether ignimbrite deposits should
be considered bedrock, the aim of this preliminary study
was investigate the site subsoil classification at a selection
NZ Geomechanics News • June 2016
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Site
Class

General
Description

Time-averaged
shear wave
velocity to
30m (Vs30) (m/s)

Unconfined
compressive
strength (UCS) (MPa)

Description

A

Strong rock

> 1,500

> 50

Not underlain by materials with UCS <
18 MPa or Vs < 600 m/s.

B

Rock

> 360

1 - 50

Not underlain by materials with UCS
< 0.8 MPa or Vs < 300 m/s. A weaker
surface layer up to 3 m depth may be
present.

C

Shallow
soil sites

-

-

Not A, B or E and low-amplitude
natural period ≤ 0.6 s or soil depth less
than Table 3.2 of NZS1170.5.

D

Deep or soft
soil sites

-

-

Not A, B or E and low-amplitude
natural period > 0.6 s or soil depth
greater than Table 3.2 of NZS1170.5.

E

Very soft
soil sites

-

-

> 10 m of soils with su < 12.5 kPa, N < 6
and/or Vs < 150 m/s.

Table 1: NZS1170 site subsoil classifications.

of sites across Tauranga using active- and passive-source
surface wave testing. Testing was undertaken to determine
the site period and shear wave velocity profile of the
subsurface at locations outside regions dominated by
Holocene deposits. The results were combined with
details of the geotechnical/geological profile to define the
NZS1170.5 site subsoil class at each test location.
2. Site subsoil classification IN TAURANGA
NZS1170.5 uses five site subsoil classes, where A is
strong rock, B is rock, C is shallow soil, D is deep or soft
soil and E is very soft soil. Table 1: NZS1170 site subsoil
classifications.1 summarises the site subsoil classes.
NZS1170.5 only classifies a site as site subsoil class
B (rock) if it has:
1. a Vs30 greater than 360 m/s; and,
2. a compressive strength greater than 1 MPa; and,
3. is not underlain by material with a UCS > 0.8 MPa.
Site subsoil classes C and D are differentiated using the
low-amplitude natural period (T) or descriptive definitions
related to soil type and depth to bedrock. Depth limits of
soil above bedrock for class C sites are given in Table 3.2
of the Standard, ranging from 0 m for very soft or very
loose soil (su < 12.5 kPa or N < 6) to 60 m for very stiff/hard
or very dense soil (su > 100 kPa or N > 50).
No definition is given as to what constitutes ‘bedrock’
in NZS1170.5. The criteria for site class B (rock) could be
used to define bedrock, however a shear wave velocity of
360 m/s may be considered to be too low to constitute
bedrock, with a value of 760 m/s often used internationally
(BSSC 2015). The minimum compressive strength of 1 MPa
for site subsoil class B includes very weak to extremely
June 2016 • NZ Geomechanics News

strong rock (R1 to R6) but excludes extremely weak rock
(R0) (NZ Geotechnical Society Inc. 2005). The ignimbrites
and lavas can generally be classified as rock, with the
strength varying from very weak (R1) to extremely strong
(R6), except for the Te Ranga Ignimbrite, which can be
extremely weak (R0) (Briggs et al. 1996).
While the recommended method to determine the site
subsoil class in NZS1170.5:2004 is related to the shear wave
velocity of a profile, for most projects it is defined using the
descriptive definitions in the Standard, which consider soil
type and depth. This has led to some conflicting assessments
around Tauranga, where ignimbrite or refusal in a CPT test
is often considered to correspond to ‘rock’ in terms of
NZS1170.5, often resulting in a site subsoil class C. This may
not be appropriate in all locations, especially where the
ignimbrite is underlain by sedimentary deposits or where the
ignimbrite is not sufficiently strong to be classified as rock, in
which case class D would be more appropriate.
Another way to explore this is that if these ignimbrites
were present at the ground surface, the site should not be
classified as site subsoil class B, as the ignimbrite deposits
are underlain by alluvial material that would be unlikely to
have a UCS > 0.8 MPa. Therefore, if these ignimbrites are
unable to be classified as site class B at the ground surface,
they should not be used to define the location of rock at
depth when they still have alluvial material beneath them.
In 2002 a study was completed for the Western Bay of
Plenty Engineering Lifelines Group (Opus 2002), which
included maps showing the site subsoil classes in the study
area. The assignment of site subsoil classes was based
on geological mapping, with geological units older than
Late Quaternary sediments being classified as either site
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subsoil class C or A. This resulted in the majority of the
Tauranga urban area being classified as site subsoil class
C without considering the depth of sediments, which
is generally greater than the limit for site subsoil class
C. While the maps were prepared for the attenuation
model used in the study and were not intended to be
used for building design, the lack of alternative published
information has led to these maps being used as the first
(and sometimes only) reference for determining the site
subsoil class around Tauranga.
3. Surface WAve Testing Methodology
Active- and passive-source surface wave tests were
undertaken at nine sites around Tauranga. All available
subsoil data near the test locations was collated and
used to interpret and constrain the test results. The test
locations are shown on Figure 2: Test locations (square:
H/V only, circle: H/V and active source) and approximate
extents of Tauranga suburbs (dash-dot line) on geological
map (after Leonard et al. 2010).2. The test locations were
chosen using the following criteria:
•• Good availability of nearby subsurface
investigation data;
•• R
 elatively level ground, away from nearby steep slopes;
•• Proximity to main areas of development or strong
motion stations (e.g. Tauranga Boys College);
•• Spatial distribution around Tauranga;
•• Covering different geological units (apart from
Holocene materials).

On the background geological map (Leonard et al. 2010),
different shades of pink represent various pyroclastic flows
(ignimbrites), purple and red are lava domes and flows,
dark yellow is a group of fluvial, lacustrine and estuarine
deposits (Matua Subgroup), and light yellow represents all
Holocene sediments. The approximate extent of Tauranga
urban area is indicated by the dash-dot line, with the
central business district north of Tauranga Primary and
east of Wharepai Domain.
3.1 Active Source Testing
Active source surface wave testing was undertaken using
a linear array of 24 vertical 4.5 Hz geophones with a 2.0 m
spacing. Active-source methods included a combination of
the Spectral Analysis of Surface Waves (SASW) (Nazarian
& Stokoe 1984, Stokoe et al. 1994) and the Multi-channel
Analysis of Surface Waves (MASW) (Park et al. 1999). The
source used in this testing was a 5.4 kg sledgehammer
on a steel strike plate with a rubber pad. Figure 3 shows
a typical test set-up. Three different source offsets (5,
10 and 20 m) were used from both ends of the array to
account for lateral variability along the lines and for near
source effects that may contaminate the results. Ten
sledgehammer impacts were recorded at each offset, with
stacking of the records used to reduce the background
noise and thus improve the signal to noise ratio. P-wave
refraction testing was also undertaken to identify the
depth to saturation in the soil profile.

Figure 2: Test locations (square: H/V
only, circle: H/V and active source) and
approximate extents of Tauranga suburbs
(dash-dot line) on geological map (after
Leonard et al. 2010).
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Figure 3: Typical active source
test set-up, showing array
of geophones, sledgehammer
and pad.

The open-source software package Geopsy (www.
geopsy.org) was used to develop the shear wave velocity
profiles at each site using the field test data (experimental
dispersion curves). To provide the best representation
of the shear wave velocity profile at each site the
layering and limits on soil properties were defined
using information from nearby subsurface geotechnical
investigation data. The shear wave velocity was generally
constrained to increase with depth, except where a
strength reduction between layers was observed in the
geotechnical data (for example at the top of the Matua
Subgroup deposits).
The period of the soil profile down to the maximum
depth of the shear wave velocity profiles was estimated at
each site, and where a significant impedance contrast was
evident at sites (a contrast in stiffness and density from
one layer to the next), the period of the profile above the
depth of the impedance contrast was also calculated. The
travel time in the measured (layered) profile is used to
determine the average shear wave velocity (VSavg) of an
equivalent uniform profile with the same overall thickness
as the measured profile using:

(1)
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where hi is the thickness and VSi the shear wave velocity
of each layer. The period of the equivalent uniform profile
(T) was then calculated using:

(2)

As none of the shear wave velocity profiles presented
here extended down to bedrock, the true natural site
period (as required by NZS1170.5) will be larger than the
periods presented herein.
3.2 Horizontal-to-vertical spectral ratio
method (H/V method)
The horizontal-to-vertical spectral ratio method (H/V
method) has been used in a large number of studies to
characterise soil profile characteristics, with the peak (or
peaks) in the H/V ratio used to estimate the fundamental
period (overall profile to bedrock), or the period of the
soil profile above a shallower impedance contrast. A
more detailed overview of this method can be found in
Nakamura (1989), Field et al. (1990), Field & Jacob (1993)
and Sánchez-Sesma et al. (2011).
In this preliminary study a short period 3D geophone
(2 Hz) was used to record the background ambient noise
(microtremors) with an acquisition duration of 20 minutes.
H/V data were processed using the Geopsy software. The
data was split up into time windows, windows that were
overly noisy were removed, and the remaining windows
NZ Geomechanics News • June 2016
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used to develop the spectral average at each location.
The geometric mean of the horizontal-component Fourier
spectra were used to develop the H/V spectral ratios,
and a smoothing function was applied. The H/V spectral
ratios from a range of time window lengths were compared
during processing to determine the influence of window
lengths on the estimated spectral peak(s) and to estimate
the uncertainty associated with the spectral peak(s).
4. Results
Examples of the shear wave velocity profiles from the
active source testing at three of the sites are shown in
Figures 4 to 6. They show the best (lowest misfit) profile,
which is the profile that best fits the experimental data, as
well as the best 50 and 1000 best profiles to provide an
indication of the uncertainty in the measurements. At all
locations the uncertainty generally increases with depth. A
simplified representation of the layering at each site from
subsurface investigation data is indicated in each figure.
At Oropi, the profile in Figure 4 shows surface layers of
volcanic ashes and the Matua Subgroup with low Vs (<150
m/s) down to 15m depth, where there is an increase in Vs
corresponding with the top of the Te Ranga Ignimbrite.
The Tauranga Boys College profile in Figure 5 shows a
gradual increase in Vs with depth through the Older Ashes
or Matua Subgroup deposits from 5 to 13m depth. The Vs
at the top of the Te Ranga Ignimbrite deposits is similar to
the layers above. The Wharepai Domain profiles in Figure
6 show a reduction in Vs around 5m depth, at the base
of the Holocene volcanic ash layers, corresponding to
reduction in CPT tip resistance in this layer. The Te Ranga

Ignimbrite below this shows a gradual increase in Vs with
depth. Across all sites the best profile in the Te Ranga
Ignimbrite does not have a Vs greater than 360 m/s down
to a depth of 25 m.
Figures 7 to 9 summarise H/V spectral ratio data
obtained from the microtremor recordings at three sites
around the edge of the Tauranga Basin, showing the mean
and plus/minus 1 standard deviation spectra. Clear peaks
were evident at each of these locations (within 2 km of
the exposed ignimbrite plateaus) at periods of between
0.8 and 1.05 seconds, which may correspond to the period
of the entire profile to rock. Further investigation would
be required to confirm this, however even if this was the
response above a shallower impedance contrast, the site
period at these locations are all greater than 0.6 seconds.
Although not summarised here, weak peaks in the H/V
spectral ratio data were evident at locations from Tauranga
Boys College north. The values of these peaks were at
periods of 1.5 seconds and greater, indicating an increase
in period heading away from the basin edge. Given the
limitations of the equipment used for this testing there is
some uncertainty in these measurements, however the
longer periods agree with the general trend of an increasing
depth to rock further away from the basin edges.
A summary of the period estimates at each location and
their corresponding site subsoil class is provided in Table
2. The depth of the Vs profile developed at each site and
the period above the base of this profile calculated using
Equation 1 and 2 are summarised. While all sites had a
period above the base of the Vs profile of less than the limit
of 0.6 s, a site subsoil class could not be defined using this

Figure 4: Shear wave velocity profile

Figure 5: Shear wave velocity profile

Figure 6: Shear wave velocity profile

and geotechnical units from subsurface

and geotechnical units from subsurface

and geotechnical units from subsurface

investigation at Oropi.

investigation at Tauranga Boys College.

investigation at Wharepai Domain.
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Figure 7: H/V spectral ratio data at

Figure 8: H/V spectral ratio data at Tauriko

Bethlehem.

Cut.

information alone as bedrock was not encountered at any
of these locations. This was due to the limitation of energy
provided by the sledgehammer impacts, with a larger energy
source needed to profile deeper at these locations.
When taking the limited investigated depth, shear
wave velocity of the deepest layer and likely depth to
rock into account, most of these sites should have a site
period in excess of 0.6 seconds. This is confirmed by the
H/V spectral ratio data results, which identified spectral
peaks of greater than 0.6 s at all locations around the
basin edge apart from Wairoa and Oropi. Considering that
near the edge of the basin the H/V spectral ratio peaks
were greater than 0.6 s, this suggests that all sites in the
main urban area of Tauranga to the north would have site
periods to rock greater than 0.6 seconds.
At Wairoa and Oropi the peaks in the H/V spectral ratio
data correspond well with the geotechnical data and shear
wave velocity profiles. At Oropi, there is a doubling of the

Figure 9: H/V spectral ratio data at Aquinas.

Vs at approximately 14 m depth as indicated in Figure 5.
The estimated period of the shear wave velocity profile
above this depth is equal to 0.42 seconds, similar to the
0.45 second estimate from H/V spectral ratio testing. Similar
to this, at Wairoa, near the edge of the Tauranga Basin,
the period estimate from H/V spectral ratio testing of 0.3
seconds was similar to the period of the shear wave velocity
profile above an impedance contrast at 10 m depth.
At Wairoa a site subsoil class C could be applicable
if rock is present at the site within approximately 40 m
depth. This location has been given a C/D classification,
and the final site subsoil class would need to be confirmed
using additional investigations. At Oropi, the upper 12.8m
of soil had a Vs of less than 150 m/s. At Tauriko Top the
depth of soil with a Vs of less than 150 m/s was 11.1 m,
therefore both Oropi and Tauriko Top should be classified
as site subsoil class E. At all other sites the Vs profile did
not meet the site class E limits, and therefore based on

Site

Vs profile
depth (m)

Period
above base
of Vs profile (s)

Period
(from H/V
data) (s)

Period above
shallow impedance
contrast

NZS1170.5 site
subsoil class

Aquinas

-

-

0.85

-

D

Bethlehem
Country Club

23

0.53

0.80

-

D

Morland Fox
Park

23

0.47

1.05

-

D

Oropi

25

0.55

0.45

0.42

E

Tauriko Cut

16

0.37

1.05

-

D

Tauriko Top

25

0.53

-

-

E

Tauranga
Boys

25

0.54

-

-

D

Wairoa

23

0.45

0.30

0.25

C or D

Wharepai
Domain

22

0.52

-

-

D

Table 2: Estimates of site period or period of reduced profile depth and NZS1170.5 site subsoil class
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the site period estimates they should be classified as site
subsoil class D.
5. Conclusions
Based on active surface wave testing, H/V spectral ratio
measurements, and knowledge of regional geology, this
preliminary study has provided site subsoil classifications
that should be used in locations not dominated by surface
Holocene deposits across Tauranga.
While several of the sites tested are underlain at
relatively shallow depth by ignimbrites, these sites should
not be classified as site subsoil class C, as the ignimbrites
do not classify as rock and are often underlain by older
alluvial deposits due to the complex geological history of
the area. The results of this preliminary study indicate that
most of the sites within the Tauranga Basin are likely to
have a site period greater than 0.6 seconds, and should
therefore be classified as site subsoil class D (deep or
soft soil) at a minimum, especially those more than a few
hundred metres from the edge of the basin.
Two of the sites (Tauriko Top and Oropi) should be
classified as site subsoil class E, with over 10 m of material
with Vs less than 150 m/s. One site near the edge of the
Tauranga Basin (Wairoa) would need further investigations

to confirm the depth to rock and determine the rock
properties, which may result in a site subsoil class C
classification if favourable.
It is recommended that the local community of
geotechnical and structural engineers consider the
overall geological setting when using relatively shallow
investigation data to determine the appropriate site subsoil
class for seismic design of buildings.
6. Future Research
Additional testing H/V spectral ratio testing across the
region, combined with the available subsurface data, could
be used to develop a detailed map of site periods in the
region, which should help to standardise the subsoil class
used in building design. This future testing should utilise
broadband seismometers and longer duration records so
that the period of the overall soil profile to bedrock can be
characterised.
Testing should include both shear wave velocity
measurements and UCS tests on potential bedrock, and
testing in areas underlain by alluvial deposits. Once the shear
wave velocity profile is well understood, a 1D site response
analysis could be undertaken to establish how the response
spectrum compares to those given in the Standard.
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Characterising Blue Slip and its Impact
on the Transport Corridor
kEYWORDS
Blue Slip, Bentonite, Earth Flow, Debris Flow, Landslide,
Kekerengu, NZTA, KiwiRail.

Blue Slip is characterised by the unfavourable outcrop
of bentonite 3km north of Kekerengu, North Canterbury.
Despite repeated landslides impacting the key transport
corridor below the landslide remains poorly defined. The
aim of this research is characterisation of the landslide using
methodology adopted from the Australian Geomechanics
Society. Research findings indicate the hydrophilic properties
of bentonite enable mass movement to occur when rainfall
exceeds the trigger threshold of 120mm within any given
month. This causes failure of bentonitic outcrops and the
development of head scarps in regolith. Resultant material
is transported through earth and debris flows. Debris flows
remain the critical issue for stakeholders due to channelised
flow, steep topography, volume of slope stored debris and
speed of impact.

not only presents an inconvenience to travelers, but slows
freight and threatens life safety.
Prior to this research little was understood about
Blue Slip. Earlier work includes a strictly geological
investigation undertaken by E. O. Macpherson in 1952;
a Ministry of Works geotechnical report in the 1970’s
(which was not available for review); and a brief site
investigation by ENGEO on behalf of KiwiRail during 2011.
These reports fail to establish geotechnical parameters or
failure processes, nor do they provide any assessment of
triggering events.
Given the poor understanding of landslide behaviour
and controls, repeated activity, and the risk not only in
terms of down-time but life safety, there is a very real
need to characterise Blue Slip. This characterisation is the
first step toward developing a comprehensive landslide
risk management approach to the problem. The aims of
this research include the identification of the scale of the
problem, triggering events, typical failure processes and
the understanding of geotechnical controls.

INTRODUCTION
This research concerns the characterisation of the Blue
Slip landslide in order to determine the impact on the
transport corridor. Blue Slip is located on the coast
directly above State Highway 1 (SH1) and the Main North
Rail Line (MNL). The landslide has been active over
geological time and has impacted the transport corridor
since the excavation of the toe during the construction of
the MNL in 1931. Newspaper headlines of the time cite “a
river of clay” (Evening Post, 1937). In the last 15 years there
have been nine reported slips. Two were significant events
which caused severe delays, blocking either one or both
lanes and in one instance suspending rail service (NZTA
pers. com., 2015). Due to this continued activity KiwiRail
impose speed restrictions on trains. This landslide activity

METHODOLOGY
The methodology adopted for this research is based upon
a document from the Australian Geomechanics Society
entitled “Landslide Risk Management, 2007”. Sections 8.4
and 8.5 of this document outline the activities required
to prepare a landslide inventory and susceptibility
assessment. This methodology includes those activities as
presented in table 1.
The information gathered from this work satisfies the
‘Landslide Characterisation’ requirements which are a part
of the broader framework for landslide risk management.
This characterisation fulfils an initial, essential part of the
framework and allows for future work to be undertaken
including risk analysis, risk assessment and
the implementation of risk management strategies.

ABSTRACT

Craig Pickford
Craig Pickford is a Hydrogeologist with Taranaki Regional Council. Craig graduated in December
2015 with a Professional Masters of Engineering Geology (PMEG) at the University of Canterbury.
This achievement completes a career change for Craig following 15 years employment in the
telecommunications / instrumentation industry. This unique background has equipped him with
project management experience, business acumen and the latest engineering geology know-how.
The paper presented here represents the culmination of Craig’s PMEG qualification.
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Location, classification and volume of landslide from aerial photos
Identify relationship between topography, geology and geomorphology
Distinguish different parts of the landslide
Landslide
inventory

Map landslide features and boundaries
Collect and assess historical information on activity
Implement investigations to better define geotechnical conditions
Geotechnical analysis to understand slope instability processes
Cataloging of periodic reactivations and temporal windowing of triggering events
Prepare a geomorphological map
Correlate landsliding with geology and slope to delineate susceptible areas
Correlate landsliding with annual rainfall and/or snowmelt and/or seismic loading

Landslide
susceptibility

Obtain basic soil classifications and depths in the study area
Develop quantitative (often relative rating) of landslide susceptible areas
Detailed mapping and geotechnical investigations to develop an understanding of the
mechanics of landsliding, hydrogeology and stability analysis
Implement the data and the maps in a suitable geographical information system (GIS)

Table 1: Methodology adopted for characterising Blue Slip. Modified from Landslide Risk Management, 2007 (Australian Geomechanics Society, 2007).
a)

b)

Figure 1: Location map (a) and an aerial photo of Blue Slip (b)

It is important to note that this research project does not
address consequence analysis or risk assessment – the
purpose is landslide characterisation only.
Location
Blue Slip is located approximately 3km north of Kekerengu,
Clarence, North Canterbury. If travelling north, this is just
before SH1 leaves the coast and travels through inland
Marlborough. The landslide occupies a 0.4 km2 strip
of coastal land above SH1 and the MNL. This transport
corridor supports the bulk carriage of road and rail freight
and passengers journeying north and south. This route
also connects Marlborough and the freight and passenger
ferries of Picton with the rest of the South Island.
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Regional Geology
The regional geology at Blue Slip is complex with multiple
faults, folds and geological units. The lithology exposed is
dominantly marine, consisting of marl, limestone, clay and
siltstone. Most are in agreement that it is the bentonitic
clay unit which is prone to landsliding and slumping at Blue
Slip (Macpherson, 1952; Morris, 1986). However regional
faulting is responsible for the unfavourable exposure of
the bentonite at this location (Morris, 1986).
The basal unit at Blue Slip is the Amuri Limestone
sequence which is a white cherty limestone with a thickness
exceeding 600m. This unit strikes 020° and dips southeast at 65-80° (Macpherson, 1952). At the top of the Amuri
are the bentonite and bentonitic shale deposits of the
Upper Marl, this unit is approximately 60m thick and dips
30-60° west-north-west into the hillside (Macpherson, 1952;

73

technical
a)

b)

Figure 2: Simplified stratigraphic column (a) and
regional geology (b)

ENGEO, 2011). The bentonite appears in two distinct bands
of 3-12m thickness through the Upper Marl (Macpherson,
1952). The Upper Marl is bound by an unconformity with
the Waimea Siltstone, the capping unit, which is of variable
thickness between 5-50m. Field investigations also evidence
a glauconitic greensand, assumed to be the nearby Fells
Greensand. Lithology is summarised in the simplified
stratigraphic column in figure 2a.
Much of the tectonic deformation in this region is
associated with movement on the Hope Fault. Vin Dissen &
Yeats (1991) propose that the Kekerengu fault, north of Blue
Slip, accommodates as much as 60-90% of movement from
the central section of the Hope Fault. Heavers Creek fault,
another splay from the Hope, is thought to run through the
base of Blue Slip. This is illustrated in figure 2b.

Geomorphology
The Blue Slip feature as illustrated in figure 1b is
approximately 800m long by 450m wide, rising to a height
of 140m a.s.l. The landslide slopes 16° to 30° toward the
south east and the road and rail below. To the north west,
above the landslide head, topography typically slopes away
not toward Blue Slip. Much of the delineated landslide
area appears inactive; toward the north the topography is
concave and the area heavily vegetated with established
growth of 50 years or more. For the purpose of this
research focus is given to the total (active) area of 550m
by 300m in the south, this is essentially the larger area
shown in white on figure 1b.
Field Observations
At the toe of the landslide multiple large relict lobes
are visible; these dominate the lower topography,
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extending from mid-slope to the beach below. Wave
action periodically erodes the toe of these lobes. The
road visibly travels up and over these lobes while the rail
cuts through the toe of each. The surface of Blue Slip is
scarred with multiple ridges and gullies. These features are
highlighted by white bentonite outcrops and slip debris.
For the purpose of research the area is split into 4 zones,
each with a unique character. These zones and the main
geomorphological features (as discussed below) are also
presented in the engineering geology model, figure 9.
Zone 1 and 2
Geomorphological mapping identified 7 ridges to the south
of the main debris channel. These ridges expose in-situ
bentonite and small angular marl clasts. They are typically
vegetated on top and stand 2 to 5m proud of the slip
scarred gullies which separate them. Several ridges show
evidence of progressive failure through the development
of shear surfaces, some of which can be traced for over
10m with 0.5m offset. The gullies vary in size from 30m
wide in zone 1 to as little as 2m wide in zone 2. All gullies
exhibit a high level of activity accommodating both water
run-off and the upper source of earth flow development.
These earth flows form as a result of progressive failure
of the in-situ bentonite ridges evidenced by multiple
scarps. Earth flows are narrow where gully confined
and spread as the terrain opens and flattens. Up to 4
successive earth flows are visible emplaced over top
of one another in both zones 1 and 2. While relict lobes
extend to the coast more recent lobes are stalled on
the mid to lower slopes. Where bentonite failure has
progressed back far enough into the hillside, regolith
debris is incorporated into flows due to head scarp
NZ Geomechanics News • June 2016
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a)

b)

c)

d)

Figure 3: Earth flow from zone 1 (a); Shear development in ridge along zone 2 (b) (for reference the spade is 1m long); ridges and gullies through
zone 2 (c) and interpretive block model of zone 1 (d)

development. Regolith head scarps are especially obvious
in zone 1.
The mid-slope area where recent earth flows are
stalled collects debris. This is especially true in zone 1
where multiple head scarps are visible in regolith toward
the south-west. The debris is blocky and varies in size
from 0.01m3 to over 0.25m3, making for rough undulating
ground. This debris plus active and recent earth flow lobes
are estimated to have a combined volume of 6,235m3.
Photos and an interpretive block model in figure 3
illustrate typical features of these zones.
a)

b)

Zone 3
This area differs from the rest of the landslide in that
greater mass movement has occurred, exposing larger
outcrops of limestone beneath. This erosion has resulted
in the development of an often steeply sloping debris flow
channel. This is fed by a 34m wide head scarp in regolith
which appears to be the source of recent debris flows.
There is no evidence of any recent earth flow activity
in this zone. Significant volumes of debris are stalled on
flat sections of this channel. This debris has an estimated
volume of 6,825 m3. Down slope of these storages the
c)

d)

Figure 4: Head scarp development zone 3 (a) slope stored debris zone 3 (b); mid to lower-slope debris channel (c); and interpretive block model
of the debris channel (d)
June 2016 • NZ Geomechanics News
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topography steepens to around 45°.
The mid and lower slopes of the debris flow channel
become progressively narrower, steeper and deeper. The
smearing of plants against channel walls indicates that
recent flows have reached over 2.5m in depth. Photos and
an interpretive block model in figure 4 illustrate typical
features of this zone.
Zone 4
North of the debris flow channel the area becomes
progressively more vegetated and there are only 2 areas
which exhibit earth flow activity. The larger of these two
areas, closest to the debris channel, is occupied by 3
successive earth flow lobes. The upper reaches of these
lobes are near flat where debris and surficial water occupy
the area. The smaller NE area is the most northerly
evidence of recent landslide activity where a single earth
flow lobe is mapped. Debris and recent earth flow lobe
volumes in zone 4 are estimated to be 2,535m3.

debris. Multiple samples were collected for laboratory
analysis though initial testing suggested that two samples
were deemed representative of all bentonite behaviour
at Blue Slip. This included a sample from an in-situ ridge
(i.e. bentonite before failure) and a sample from a recent
earth flow lobe (i.e. bentonite after failure). Key findings
obtained from laboratory testing include:
The natural water content averaged 44% across all
in-situ bentonite samples. While samples from earth flow
lobes ranged from 41% on the uppermost active lobe to as
little as 27% on a relict lobe. This is illustrated in table 4.
Bentonite post failure incorporates other material
into the earth flow, namely head scarp debris, crushed
limestone and greensand. This is supported by the
presence of 20% limestone gravel in the in-situ particle
size distribution compared to that of the in-situ bentonite.
Similarly there is 25% clay or finer in the in-situ bentonite
yet only 20% clay in the earth flow lobe. This is illustrated
in figure 6.

MATERIALS
Bentonite forms by the alteration of volcanic ash fall into
water. This alteration results in a clay which has several
geotechnical properties that influence mass movement
potential. Other materials which have less control on
slope stability include limestone, greensand and regolith

Geotechnical properties
Atterberg limits
The Atterberg limits are representative of clay minerology
and are used to describe behavioural change in relation to
water content. Both the in-situ bentonite and earth flow
lobe samples are USCS classified as a CH type soil, or

Figure 5: Grain Size distribution for in-situ bentonite (red) and an earth flow lobe (blue), obtained in accordance with NZS4402:1986 Tests 2.8.1
and 2.8.3
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clay of high plasticity. Data is presented in table 2 and key
findings include:

a)

1) In-situ bentonite is mouldable or deformable over a
wide range of water contents due to the high liquid
and low plastic limits.
2) The earth flow lobe bentonite is more mobile at
lower water contents due to a more moderate liquid
limit and low plastic limit.
In-situ
bentonite

Earth flow
lobe

Liquid Limit

135

69

Plastic Limit

25

21

Plasticity Index

110

48

b)

Table 2: Atterberg limit test results, obtained in accordance with
NZS4402:1986 Tests 2.1 through 2.5

Shrink Swell behaviour
The white surface of Blue Slip is typical of dry bentonite.
As bentonite dries it shrinks, forming hexagonal
desiccation cracks to a depth of 30mm in-situ and 70mm
on the lobes (figure 6). Furthermore when exposed to
water bentonite can swell to near twice its size. These test
results are presented in table 3.
Original at
Plastic Limit

In-situ
bentonite

Earth flow
lobe

Shrink limit

25% (or 75%
of original)

17% (or 83%
of original)

Swell limit

195%

166%

Table 3: Shrink Swell test results, obtained in accordance with

Figure 6: Typical shrinkage of in-situ bentonite (a) and earth flow lobes
(b). Processes facilitated by shrink swell behaviour. Note the water
content of the cut-away lobe

Shear Strength
The residual shear strength of bentonite was determined
using a ring shear apparatus. The result is a measure of
shear strength and associated parameters of the material
following peak shear or failure being induced. This test
does not consider pore water pressures as these were
allowed to dissipate given the rate of shear induced during
the test. The result is a reasonable measure of earth flow
lobe behaviour but likely underestimates in-situ bentonite

NZS4402:1986 Test 2.6

Shear Strength (kPa)

Natural Water Content (%)

Zone 1

Zone 2

Zone 4

Zone 1

Zone 2

Zone 4

In-situ bentonite

>100

>100

-

45

43

-

Upper active lobe

6

np

np

41

np

np

2nd

Recent lobe

48

32

60

32

35

-

3rd

Recent lobe

Relict lobe

80

-

98

29

-

-

>130

>130

>130

27

29

-

Table 4: Shear strengths (averaged from head, body and toe of lobes) as measured with a shear vane correlated with natural water content of
samples. np = not present and (blank) = not tested
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as peak shear most likely has not been attained. These
results demonstrate the low cohesion and angle of internal
friction which must be overcome for sliding to occur.
Results are presented in figure 7.
In addition to the laboratory ring shear test a shear
vane was employed during field work to measure the
shear strength within earth flow lobes and the in-situ
bentonite. As the vane only penetrates the top 300mm,
these results provide an approximate measurement at
250-300mm depth. More water was obvious and less shear
strength recorded toward the toe of each earth flow lobe.
These results are presented in table 4 with the earth flow
lobe water contents as measured in laboratory testing of
samples.

Figure 8: Historical rainfall record for Kekerengu correlated with known
landslides impacting the road and rail corridor

Figure 7: Mohr diagram represents residual ring shear results of in-situ
bentonite and an earth flow lobe.

movement and trigger ANALYSIS
Field investigations identify the primary movement
mechanism at Blue Slip is by earth flow associated with
the progressive failure of bentonite ridges. Secondary
movement is by debris flow caused by the erosion of
underlying bentonite support, resulting in the slumping
and translation of regolith material. Contrary to earlier
geotechnical reports this research finds no evidence
for deep seated circular failure. Given the apparent
relationship with water, rainfall rather than seismic triggers
are suspected.
Correlation with rainfall
Correlation was achieved using data supplied by NZTA
which identified landslide events that impacted the road;
and NIWA rainfall data combining information averaged
across 3 weather stations within 10km of Blue Slip.
The result provides a reasonable correlation of failure
occurrence when monthly rainfall exceeds 120mm.Rainfall
duration and intensity are also suspected to be factors
contributing to failure, though no evidence of this was found
in the data analysed. This data is presented in figure 8.
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Movement Survey
A movement survey was conducted at Blue Slip in
the hope of establishing if any gradual movement was
occurring. This was achieved by staking out a grid of 30
points across the landslide through relict, recent and
active earth flow lobes. The initial survey was conducted
on 11/10/2015 and the follow-up survey was conducted on
28/11/2015. During this period there was less than average
rainfall and no reported instances of landslide failure. No
movement was detected between these dates. Ideally a
survey of this type should be run for at least 12 months
and periodically checked / re-surveyed every 3 months.
Survey data is retained and measurement stakes remain
in the hope that they may be re-surveyed during future
investigations.
discussion
The potential for growth of the landslide outside current
confines is limited by topography and the capping
Waimea siltstone. Northern Blue Slip is inactive as
identified by the concave topography, large relict lobe
and established vegetation. Activity is concentrated in
the south as evidenced by the scouring in the debris
channel and progressively more active earth flows. This
landslide activity is ultimately controlled by the behaviour
of bentonite in the presence of water. These hydrophilic
characteristics are obvious when considering the unique
material properties of bentonite and the relationship
between rainfall and failure.
Interpretation of findings and a proposed
failure process
1) When dry, bentonite shrinks forming desiccation
cracks to a maximum of 70mm depth.
2) The next rainfall event facilitates water ingress into
the bentonite by way of these surficial cracks.
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a. Water ingress is aided in the case of the earth
flow lobes due to the higher concentration of
gravel sized limestone inclusions and other
debris. These provide a recharge conduit.
3) The low hydraulic conductivity (~10-10 m/s) and up to
200% swelling aids retention of the water.
3) This shrink swell cycle is likely repeated many times,
gradually increasing the water content and the mass
of water stored on the slope.
5) Greater than 120mm rainfall within a month triggers
movement, this is facilitated by:
a. Increasing plastic deformation tending toward
slurry type behaviour in relation to the
increasing water content as identified in the
Atterberg limits.
b. Increased pore water pressures causing
a reduction in shear strength.
c. Increased weight due to the storage of water.
d. Steep topography.
6) Failure occurs by one of two processes:
a. In-situ bentonite and overlying head scarp
material failures are due to the concentration
of failure mechanisms along developing shear

210mm wide x 148mm high

M

zones within exposed bentonite. Depending
on the type of materials involved, water content
and topography either earth flows or debris
flows may result.
b. Earth flow lobes may be prone to earlier
mobilisation and earlier transition to slurry type
behaviour due to the lower liquid and plastic
limits.
7) T
 he rates of movement of these flows are highly
dependent upon topography, water content,
concentration of bentonite vs. other debris and
channelisation. Typically earth flows will progress
slowly and appear to creep while debris flows may
move rapidly especially when channel confined.
8) S
 lope stored debris is subject to incorporation into a
flow given sufficient mass, speed and viscosity. This
is especially applicable in the debris flow channel but
less so in areas dominated by earth flows.
BLUE SLIP MODEl
The key elements of this research and interpretations
have been combined into an engineering geology model
as presented in figure 9. Blue Slip has been broken into
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Zone 1
Description

Debris volume (m3)
Activity level

Zone 2

Zone 3

Zone 4

Several recent and
relict earth flow
lobes. Slope stored
debris predominantly
in lobes. Two
instances of shear
development on
bentonite ridges,
these will ultimately
fail and could
contribute up to
450m3 of material
into earth flow
development.

Debris flow channel
with no earth flow
activity. Well defined
channel from mid to
lower slope enables
rapid movement.
Slope stored debris
from head scarps
around mid to upper
slope. Active zone
and greatest potential
for rapid failure.

One recent and
several relict earth
flows. No active
lobes. Slope stored
debris from head
scarps and recent
lobes. Standing water
on mid slope may
cause remobilisation
in long term. Least
active zone.

1,440

4,795

6,825

2,535

Moderate

Moderate

Moderate / High

Low

One active, several
recent and relict
earth flow lobes.
Slope stored
debris from head
scarps, active and
recent lobes. Slow
progressive earth
flow movement is
likely to continue.
Rapid failure is
unlikely.

Figure 9: Engineering Geology Model for Blue Slip

zones which exhibit similar behaviour, activity level and
drainage networks. Within these zones an ‘activity level’
has been determined by using a combination of natural
water content from samples and shear vane recordings
as a proxy for earth flow lobe activity, similarly field
observations were used to quantify activity in the debris
channel.
CONCLUSIONS
The aim of this project has been the characterisation of
Blue Slip and its impact on the transport corridor. This has
been achieved by the completion of geomorphological
mapping, field testing, sample collection, laboratory testing
and data modelling. These results reveal that it is the
hydrophilic properties of bentonite which are ultimately
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responsible for landslide activity at Blue Slip.
Primary failure occurs within the bentonitic outcrops
of the Upper Marl. Rainwater infiltrates the bentonite
through shrinkage cracks where it becomes trapped due
to low hydraulic conductivity and swelling behaviour.
Water content, weight and pore pressures increase
during successive rainfall events. As a result the bentonite
is subject to increasing plastic deformation which
concentrates along developing shears in the bentonite
ridges. Failure is triggered when rainfall exceeds 120mm
within a month; this would often be associated with a high
intensity rain storm. Ultimately shear strength is exceeded,
cohesion overcome and failure occurs, often incorporating
regolith head scarp debris into the flow.
Transport of this failed material is typically slow by way
NZ Geomechanics News • June 2016
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of earth flows and is dependent upon the water content,
topography and involvement of other debris. Slope
stored debris has potential to be incorporated into new
flows given sufficient mass, speed and viscosity. Multiple
earth flows have stalled on the mid to lower slopes and
are subject to remobilisation given a similar process.
While these earth flows have not recently impacted the
transport corridor they have potential as evidenced by the
size of relict lobes and recent shear development. Debris
flows dominate recent activity which has impacted the
transport corridor. These are related to the mass wasting
of bentonite and transport of regolith debris from head
scarps and on-slope storage. The channelisation, steep
topography and volume of debris within the debris channel
suggest probable rapid transport and likely inundation of
the transport corridor.
This characterisation is near complete but would benefit
from a groundwater investigation and follow-up survey to
determine a rate of movement. This research has laid the
groundwork on which to begin to develop a landslide risk
management plan for Blue Slip. The engineering geology
model illustrated in figure 9 provides a benchmark for

periodic review and enables NZTA and KiwiRail to make
informed decisions should mitigation be required.
References
Australian Geomechanics Society (2007, March). Landslide Risk
Management, Revised Document – 2007(Vol. 41, No. 1, pp. 1-182).
Author.
Charters, N. & Martin, G. (2011) Blue Slip Geotechnical Assessment. A
Geoscience Consulting (NZ) report submitted to KiwiRail Network.
ENGEO
MacPherson, E. O. (1952). The stratigraphy and bentonitic shale deposits
of Kekerangu and Blue Slip, Marlborough, New Zealand. Journal of
Science and Technology. 33, 258-286.
Morris, J. L. (1986). Engineering Geological investigations of the Wharenui
Earthflow, Northeast Marlborough. A thesis submitted in partial
fulfilment of the requirements for the degree of Master of Science in
Engineering Geology in the University of Canterbury.
NZTA. Report on weather related events 2000 to 2015. (personal
communication). (2015, December 5).
The “Blue Slip: A River of Clay. Work on the S.I.M.T. Problem for
Engineers. (1937, March 23). The Evening Post. Vol. CXXIII, Issue 69, p.
10.
Van Dissen, R. & Yeats, R. S. (1991). Hope fault, Jordan thrust, and uplift of
the Seaward Kaikoura Range, New Zealand. Geology. v. 19, p. 393-396.

Platipus Anchors
for cut batter support
Benefits:
•
•
•
•
•
•

Portable and easily mobilised
Fast installation
Less environmental damage
Accurate testing and operational immediately
Higher certainty
Cost effective

Contact us today to find out how we can offer these
benefits to your next project.

0800 CIRTEX (247 839) | WWW.CIRTEX.CO.NZ

Distributed by
®

technical

Soil Infiltration Rates

Fig 1: Runoff Coefficients vs land use and rainfall

The graph in Fig 1, taken from Kaipara District
Council’s May 2000 “Engineering Code of Practice for
Land Subdivision and Development” illustrates the way
in which soil Runoff Coefficients may vary according to
(i) ground cover and (ii) rainfall intensity (mm/h).
Runoff Coefficients are most obviously of interest
to agricultural scientists and farmers, particularly re
irrigation, but can also have Engineering consequences.
Surface runoff occurs when rainfall intensity exceeds
a soil’s Maximum Infiltration Rate, - MIR - ie when the
rate at which rain arrives on a soil surface exceeds the
rate at which it can soak into that soil. Specifications
of stormwater pipes and channels – including
culverts – are calculated by combining the two sets of
information, Runoff Coefficients and Rainfall Intensity.
Runoff coefficients usually refer to large areas - whole
catchments or sub-catchments – while Infiltration rates
usually refer to small areas. Ground cover on large
areas is what the graphs in Fig 1 refer to.
However, variations of MIR with ground cover on
smaller areas can also be of Civil Engineering interest.
For example, on some soils it has been found that where
the soil surface has been trampled intensely (such as
in gateways between paddocks) the MIR can be much
lower than in nearby grazed areas. Hoofprints in areas
heavily trampled by stock can remain full of water for
days after rain stops, ie Runoff Coefficient tends to
100% and MIR tends to zero. By contrast, in areas
which animals couldn’t get to1 MIR can be much higher
than in normally-grazed areas.

intensity [ex USDA handbook]

John Hawley
John has a BE (Civil), a PhD in soil mechanics, and is an FIPENZ. He worked at DSIR Soil Bureau for
seven years until appointed to set up the Centre near Palmerston North for research and survey work
on land-based issues for NZ’s 22 Catchment authorities. In 1992 he moved from the Public Service
into private practice, as Hay Hawley & Associates, then with C W Ashby (MIPENZ) in Warkworth and
finally as John Hawley Consulting in Algies Bay where after allowing his CPEng registration to expire
he is determined to retire fully.

1

Such as areas where farm machinery is parked or ones which are simply fenced off.
On soils showing hydrophobicity a greater depth may give more consistent results.
3 Subsurface tunnels.
2

82

NZ Geomechanics News • June 2016

technical

Fig 3: Pumice gully formed by scour by a small stream. Stable vertical
“cut” demonstrates high strength in shear in spite of low resistance to
scour.
Fig 2: “Hawley Infiltrometer”

Measurements are made by pouring water into the
pipe just fast enough to keep a free water surface one
millimetre above the ground surface2. On some soils MIR
can vary by > 50% over small distances, so that applying
arithmetic to a few measured values is a frustrating (and
potentially misleading) activity. An awareness of how
it can vary over short distances (and from time to time
as fences are moved or machinery parked etc) can be
helpful in the design and post-failure analysis of steep
road batters etc. This not only in pumice soils (see below)
but in sands which can have very high infiltration rates
where grassed and much lower rates where dust has
accumulated. Indeed it can be true on almost any soil.

Another form of failure in pumice country which can
be stimulated by a change in infiltration rate coupled with
variations in permeability is tomo formation, see Fig 4

Fig 4: Tomo formation in pumice, and possibility of resulting pulse
of high flow in roadside drain having engineering consequences

Pumice country
Changes in MIR with stocking density can be spectacular
in pumice soils. Measurements on a pastoral farm near
Taupo showed values in heavily trafficked gateways
reduced to 1/10th of their open paddock values, while
those measured in areas where stock couldn’t graze
(fenced –off areas) were 10 times the open paddock values
– so the variation covered a factor of 100.
This can be a precursor to gully formation. Where
unprotected by vegetation pumice commonly offers little
resistance to scouring - and yet may have high strengths.
This is shown by gullies where scouring has left vertical
cut faces several tens of metres high, see Fig 3. High
flows may be initiated by upslope changes in land use
such as conversion of areas of scrub to pasture or by
intensification of grazing. Scour may be regarded as very
small scale “incremental failure”. High stream flows may be
caused by upslope changes in land use such as conversion
of areas of scrub to pasture or by intensifications of
grazing.
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such as failure of soil around inadequate culvert.

Tomos3 can be found running from high Infiltration rate
areas to exits at lower levels. The tomos can begin to
form at their exits and work back up to a patch with high
infiltration rate. Analysis would more properly begin with
consideration of a “flow nets” rather than slip circles. Very
high flows from tomos (such as during intense rainstorms)
can lead to very high flows in roadside drains which have
been known to scour out culverts and form gullies across
roads, Fig 4.
Sand country – stormwater management
in urbanised areas
An example of the Engineering significance of infiltration
rate in sand country may be seen in a recently urbanised
area near Mangawhai Heads where Aeolian sand extends
down in places to at least 8m – the maximum depth
explored with a hand auger The uniform grain sizes at the various deposition places
give rise to high infiltration rates and permeabilities.
An obvious feature of the ground which was about
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to be urbanised at Mangawhai was the absence of scour
by overland flow on the roadside drainage channel on
Molesworth Drive. This suggested that the sand had an
MIR higher than the maximum precipitation rate. This
suspicion led to testing with an improvised infiltrometer
(Fig 2) comprising a short length of plastic down-pipe and a
one-litre milk bottle. By measuring how long it took for the
circular area of soil surface defined by the pipe to take in
a litre of water, measurements of MIR were obtained. (The
pipe was pushed one or two millimetres into the soil to
ensure all flow began as vertical flow, and the lower end of
the pipe was sharpened to allow it to be pushed in easily.)
In this particular Mangawhai setting the measurements
showed that a conventional piped stormwater system
was not needed for RoWs (rights of way) and roof-water
tank overflows if the tanks were fitted with adequate
detention volumes. Perforated draincoil soakage lines
were installed at shallow depth on individual Lots. For
RoW runoff vertical 300mm pipes 3m deep not only
worked well but trapped major inputs of “fines” such as
cement washings formed during formation of “exposed
aggregate” RoW surfaces and at a later date topsoil from
a Lot development with poorly managed earthworks.
Measures could then be (and were) taken, to intercept
those unwanted inputs to the Estuary.
Silt or clay country – ungrazed areas downslope
of grazed areas.
It is common practice for farmers to build fences to keep
stock from straying onto steep roadside batters. There
is commonly a strip of ungrazed ground between the
fence and the top of the batter, see Fig 5. Commonly
this becomes covered in rank grass which has a higher
infiltration rate than the grazed pasture on the other
side of the fence. Where the pasture is grazed overland
flow may occur even in rainstorms which are not notably
intense. Where the grazed ground slopes down towards
the fence the surface water will be fed into the rank grass
(shrubs, trees etc). There it will find a surface with higher
infiltration rate. The underlying subsoils there will then
receive water as though from a more intense rainfall than
that actually occurring. Where the ground downslope of
the fence has very steep ground below it, such as a cutting
above a road or farm-track, conditions within the subsoils
will encourage the development of conditions favouring
a classical-type slip, or a slump or an earthflow. Such
failures can leave a length of fence hanging in the air.
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Fig 5: Formation of classical landslip stimulated by changes
in infiltration rate

Fig 6 shows a situation near Warkworth where a strip
of forest (approximately 15m wide) has been left between
the fence which has pasture upslope of it and the road
cutting. The cutting has failed on many occasions over
the last 20 years, some in rainstorms which were not
notably intense. A factor leading to failure is likely to be
reductions in infiltration rate on the grazed soils upslope
leading to overland flow on them, with surface water flow
increasing the intensity with which the soils in the
forested area receive rainwater.

Fig 6: Example near Warkworth of mechanism shown in Fig 5
where vegetation downslope of fence includes trees.

I hesitate to point this out because the strip of forest
has aesthetic value. One means of “control” in such
situations can be the construction of swales which divert
overland flow on the upslope side of the fence to places
where it can be led safely to road level with reduced
opportunity to soak into the soil between fence and road.
It may well be that the most economical way to reduce
failures of the soil on the slope above the road may be to
reduce the stocking intensity on the pasture on the slope
above the bush, or surface swales may be more affordable.
Who pays for the reduction in pastoral productivity, – the
farmer or those responsible for road maintenance?
A more common situation is for the soil downslope of
the fence to be a narrow strip of rank (ungrazed) grass.
This situation is commonly evidenced by lengths of fencing
hanging in the air above slip scarps, - the lower dashed
line in Fig 5.
NZ Geomechanics News • June 2016
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A very similar situation may be seen above sea cliffs
where a fence has been constructed to prevent stock
falling over the cliff into the sea. Again, a strip of ungrazed
grass is left at the top of the cliff. Erosion at the base
of the cliff by wave action – Fig 5- combines with high
infiltration of the soil upslope of the fence.

Fig 7: Tunnel-gully-erosion developing in pasture beside Sandspit Road.
Soils are “Whangaripo clay loam” which has been weathered from a
siltstone bed within Waitemata Group sandstone.

Tunnel Gully Erosion is another common form of soil
loss in pastoral hill country caused by infiltration into finegrained (silty and clayey) soils. An example in Whangaripo
clay loam beside Sandspit Rd is shown in Fig 7. The loss of
soil is of obviously significant and potentially serious. This
form of ‘failure’ includes scour of soil beneath a soil crust
and flow through the crust. Shrinkage cracking on the
soil surface is a common facilitator of infiltration. This is
particularly likely to be seen where the soil has been bared
of the shading provided by vegetation.
Tunnel gullies, of obvious concern to pastoral
farmers, may also be of concern to Engineers where
the degradation of water supplies, pollution of rivers,
estuaries, lakes etc and the undermining of structures can
be consequences. Removal of shading of soil surfaces
(by hard grazing, earthworks or whatever) can promote
shrinkage cracking and thereby cause tunnel-gulleying,
particularly where it gets water to a layer of subsoil which
has a low resistance to scour – which may in turn result
from a lower clay content, lower cohesion and/or high
permeability.
Because shrinkage cracking of the soil surface is an
obvious route to a major increase in infiltration rates
“shrinkage” (as well as scour) is a soil property behind this
process.
The failure process may initially be dominantly the
formation of the tunnels by transport of the finer fractions
June 2016 • NZ Geomechanics News

of soil. The tunnels may then collapse under gravity to
form gullies.
There are obvious similarities between tomo formation
in pumice soils (see Fig 4) and tunnel gully erosion in
silty and clayey soils. Furthermore, in stratified alluvial
soils where one stratum is much more erodible than its
neighbours the formation by engineering works of easier
access to, or exit from, a high permeability stratum may
be sufficient to increase water velocities in it and thereby
promote enlargement of the tunnel by scour.
Conclusions
Strength (with its underlying components of cohesion,
angle of friction and dilatancy) and compressibility are not
the only soil properties to be considered by Geotechnical
Engineers as they try to avoid soil failures. Earthworks
adjacent to pastoral land can accelerate the formation of
tunnelling by storm water as well as trigger soil slips.
Soil shrinkage cracking, variations in infiltration rate
and scour susceptibility are just three of many other soil
properties which can have engineering consequences such
as contributing to the initiation and control of failures of
soils in and near to earthworks. An awareness of this can
assist Engineers in the design and maintenance of storm
water systems, water retaining structures, cut slopes, and
in many other contexts.
Engineers wishing to broaden their grasp of correlations
between forms of erosion and the soils which form in
various geological settings would do well to read the NZ
Erosion Classification (Eyles 1985) and the NZ Rock Type
classification (Lynn and Crippen 1991) both of which were
prepared to accompany the extended legends in the NZ
Land Resource Inventory (NWASCA 1975 -79).
Consideration of soil infiltration rates, and particularly
the measurement of Maximum Infiltration Rate (MIR) can
enhance soil investigations, particularly those which cannot
warrant laboratory testing of soil samples. The Hawley
infiltrometer is very low cost and very portable!
Readers who have grasped the above will be able to
explain why trout favour the Waitahanui stream over the
Tauranga-Taupo.
References
Eyles G O 1985 The NNZ Land Resource Inventory Erosion
Classification. Water & Soil Miscellaneous Publication No 85.
Wellington
Lynn I H Crippen T F 1991 Rock Type classification for the NZ Land
Resource Inventory. DSIR Land Resource Report No 10 Lower Hutt.
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Fig 1. HVSR testing set up.
Photo taken on Quay St.

o At a reduced number of sites, MASW testing was performed
using 24 equally spaced 4.5 Hz geophones and a 5.4 kg
sledgehammer as a source. Using the same array, P-wave
refraction surveys were conducted to establish groundwater
depth.

15 minute records were taken
as this was considered an
adequate length to clearly
identify the expected period of
the soil profile above ECBF in
the area. Data was then
processed using Geopsy
software to constrain a spectral
average at each location.

Eqn 1.

o 75 HVSR measurements were made using a 2Hz 3D
geophone (Fig 1) to provide a shear wave velocity (Vs)
estimate of the reclaimed soil profiles, and identify
contrasts between adjacent reclaimed zones using Eqn 1.

o CPT, SPT, borehole and laboratory test data were collated
across the reclaimed land from historical ground
investigations to develop representative soil profiles.

To achieve this, the following targets were set:
1. Understand the history of reclamation and sub-surface
geology from historical ground investigations to provide
constraints for the surface wave testing.
2. Estimate the site period across reclaimed areas using HVSR.
3. Undertake Multi-Channel Analysis of Surface Waves (MASW)
testing to define the shear wave velocity profile in the
different types of reclamation fill.

To produce a ground response model for the reclaimed land in
the Auckland CBD using a compilation of geotechnical,
geological and geophysical data.

This research used subsurface investigations, the horizontal-tovertical spectral ratio (HVSR) method and surface wave testing
to characterise the waterfront area. HVSR was used to
estimate the site period and relate this to the depth to rock in
the region, while surface wave testing was used to define the
shear wave velocity of the different stratigraphic units.

Weak to very weak alternating sandstone and
siltstone sequences.
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identified (Fig 5).
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In general, the site periods correspond well to the depth to bedrock contours as site period increases with
increasing depth to bedrock. In some cases, multiple peaks are visible revealing the response between
hydraulic fill over TGA and TGA over ECBF (Fig 5).

Subsurface investigations revealed that the reclaimed soils varied greatly across and within reclamation
zones. Sites proximal to the 1840’s shoreline generally contain shallow (0 – 4 m) fill and TGA deposits.
However, collated data and geomorphic cues denote ECBF incised paleo-channels up to 20.4 m bgl (Fig 3).
In areas such as Britomart (previously known as Commercial Bay), the stratigraphy is highly layered and
have sharp changes in both composition and stiffness relative to depth. This site contains assorted and
intermixed layers of fill in thicknesses ranging from 0.1 to 4.0 m overlying Upper and Lower TGA and ECBF.

COLLATED SUBSURFACE INVESTIGATIONS

to estimate the average Vs of the material above an
impedance contrast.

Fig 6. Assistant swinging 5.4 kg sledgehammer onto perspex mat (red) on a metal plate to reduce
frequency upon impact. Perimeter around testing area is bounded by danger tape.
Photo taken at Victoria Park.

o

o

o

investigation data and associated P-wave refraction surveys will
be used in the inversion process to constrain layering
characteristics at each site (Fig 6).
Produce geological sections along the seismic lines and
interpreted sections combining surface wave testing data and
physical data.
Define the site subsoil classes according the New Zealand
seismic design standards across the reclaimed land zones.
Compare results collected during surface wave testing with site
subsoil classes for seismic design (as in NZS 1170.5:2004) and
the implications for the design of buildings.

o Further MASW testing and processing where collated subsurface

the response above shallower impedance contrasts and to
further analyse records with multiple peaks.

o Continued collation of historic subsurface investigations.
o Supplementary HVSR measurements across study site.
o HVSR data is being screened as some of these peaks may be

Ongoing research includes:

Presently, further testing and data analyses are underway to aid in
a more complete dynamic characterisation of Auckland CBD
reclaimed soils across the reclamation zones.

o Ongoing research is required to achieve the objective.

above the ECBF or above a shallower impedance contrast.

o HVSR site periods maybe recording the response of the layers

o The HVSR peak and subsurface investigation data can be used

For highly layered sites this may not be appropriate. MASW
testing and processing is necessary to constrain the layering
characteristics and provide a baseline to estimate the average Vs
over a given depth.

The HVSR was used to try and understand the response of the
soil profile above the ECBF. However, at some of these locations
the period measured may not be the period of the overall profile
down to the ECBF. In these sites, investigations produced a lower
bound estimate of the natural period of the soil profile, rather
than the natural period of the overall soil profile.

Edbrooke, S.W., Mazengarb, C. and Stephenson, W., 2003. Geology and geological hazards of the
Auckland urban area, New Zealand. Quaternary International, 103(1): 3-21.
GoogleEarth 2015, Auckland City Waterfront, Viewed 19th October 2015.
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Fig 3. Depth to ECBF and HVSR measurement locations ( ). Representative HVSR spectral peaks displayed (Images 1-4. Outlined area (dashed yellow perimeter on
the left) is a case study: Wynyard Quarter 1905 -1931 (Images 5 –8).
Base mage sourced from GoogleEarth 2015.
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Fig 2. Auckland CBD zones of reclamation, darkening towards present day. Historic sea walls (orange) and Auckland’s original 1840’s shoreline
(red), bays (light blue), headlands (yellow), paleo-river/stream channels (white arrows showing direction of flow). (Base Image sourced from
GoogleEarth 2015).
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Fig 4. HVSR spectral peaks.
Locations in Fig 3.
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<10ka

Soft to very soft fine sand, silt and clays.

WYNYARD QUARTER 1905–1931

ECBF Rock

Residual Soil

Lower

<174yrs

Age

Soft to very stiff silts, sand, clay-silt, peat and
colluvium comprising weakly cemented subangular siltstone and sandstone derived gravels.

Excavated Rock
Upper

Recompacted clays to gravel sized particles and
construction and building waste including old sea
walls and building foundations.

Loosely packed, fine grained, soft to firm cohesive
soils such as very soft silty sand and clays.

Hydraulic

Loose to very loose sands and silts excavated from
adjacent ECBF cliffs.

Mixture of clay to gravel sized sediments with
varying levels of compaction.

Construction

Historic Industrial
Waste

Broad Engineering Geologic Description

Stratigraphic
Layers

This zone was reclaimed
predominantly with hydraulic
fill which overlies TGA and
EBCF. Northwest trending
paleo-channels containing
relatively thick hydraulic fill
material (<8 m) and TGA
(<17.3 m) within incised ECBF,
HVSR measurements reveal an
increase in site period with
depth to ECBF rock. This is also
evident in the Wynyard Quarter
Northern extension (Fig 4).

ECBF

TGA

FILL

Geologic Unit

Table 1. Summary of Geologic Units in Auckland City waterfront

These fills overlie Tauranga Group Alluvium (TGA) which thinly overlie
shallower depths to rock and thicken in paleo-channels (Fig 3). The ECBF is
the underlying bedrock (Edbrooke et al 2003). Details of the stratigraphic
layers are found in Table 1.

o

HVSR

o

material from nearby headlands (Fig 2) e.g.
- Commercial Bay, Brickfield Bay, Official Bay and Mechanics Bay used
material from Stanley Point and Britomart Point.
From the early 1900’s, having depleted local sources, there was a shift to
use hydraulic fill sourced from the Waitemata Harbour e.g.
- Wynyard Quarter and areas of Britomart Transport Centre.
In the late 1980’s and early 2000’s, mudcrete was used to extend
reclamations in the Viaduct Harbour and eastern areas of Wynyard Quarter.

o Reclamations began in bays closest to the shoreline using local ECBF

Increasing depth to ECBF and site period

1840

HVSR

The original coastline along the Auckland CBD waterfront has
been progressively modified. Reclamations began in 1859 to
provide additional land and deeper harbours for a growing
population and trading port. These fills are highly variable
comprising a range of materials including hydraulic fills,
construction waste and East Coast Bays Formation (ECBF) rock
fill. Due to the variability of these deposits, traditional methods
of characterising the seismic response using Cone Penetration
Testing or Standard Penetration Tests can give misleading
results. These methods only sample a small area and lack the
ability to capture the inherent variability of reclaimed fill.
Improved understanding of the dynamic behaviour of
reclaimed fill in response to earthquake loads will assist with
future land use planning, seismic design and retrofit.

HVSR

HVSR
HVSR
HVSR

N

HVSR

88
HVSR

Kuanjin Lee, Liam Wotherspoon, Simon Nelis
and Jennifer Eccles.

review

YGP Poster Winners 2015

1st Place = Kuanjin Lee – Dynamic Characterisation of Auckland Reclaimed Soils.
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2nd Place = Gregory Clements and Takeshi Burden – Re-evaluation of Liquefaction Potential Index based on Christchurch Data.

Objectives

Methodology

Determine the applicability of current LPI equation in
assessing damage in Christchurch.
Recommend modifications to the LPI concept that best
quantifies the damage observed.

c) LPI2c

b) LPI2b

a) LPI2a

LPI
Modification

depth to first liquefiable
layer
As a) and:

Where:

As a) and:

Equation changes

0 - 23

0-8

0 - 52

23 – 43

8 - 13.2

52 - 84

>43

>13.2

>84

New LPI thresholds for
expected damage
Minor to
None
Major
moderate

LPI >15:
>15 severe liquefaction; LPI=5-15::
• Classification: LPI
5>LPI >15
LPI < 55 : no liquefaction.
moderate liquefaction; LPI
• Recalibration of the original LPI classification: LPI >21 :
severe liquefaction; 14>LPI >21 : moderate liquefaction;
LPI < 14 : no liquefaction.
• The Factor of Safety (FS) was calculated using
Boulanger & Idriss (2014) method.
• The following modifications to LPI were considered:

Where:

• From the Canterbury Geotechnical Database (CGD),
106 CPT data between 22 February - 13 June were
collected, together with information on peak ground
accelerations and ground water tables at the sites.
• The original LPI equation is given by:

•

•
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No Observed Land Damage
Minor to Moderate Land Damage
Large Observed Land Damage

LPI: FS < 2

Original LPI

Original LPI

LPI2a

LPI modification methods

Original LPI
revised threshold

LPI2b

LPI2c

Major

Minor to
Moderate

None

Actual land
damage

Match

Actual <
Calculated

Actual >
Calculated

Performance of various LPI modifications when compared with actual damage

Among the modifications proposed, LPI2a was the best fit
equation. It had the highest percent of LPI’s that matched to
the observed when allowing for a maximum 10%
underestimation in damage.

New Modified LPI Equation

Minor to moderate
None

Large

Magnitude of observed land
damage at CPT sites:

Map showing CPT Sites Used in Analysis

Gregory Clements and Takeshi Burden
Supervisor: A/Prof Rolando Orense

The 2010-2011 Canterbury earthquake sequence caused
significant damage to the urban areas of Christchurch due to
widespread liquefaction, especially as a result of the M6.3
earthquake on 22 February 2011. Following the earthquakes,
extensive ground investigations have been conducted for the
subsequent rebuild efforts. The liquefaction potential index
(LPI) is often used to quantify and/or estimate liquefactioninduced damage following a seismic event.

Introduction

Project Number: 23
Group: Geotechnical

LPI2a

LPI2b

LPI2c

Conclusions

Acknowledgements

Recommendations for future work

The number of CPT data used was just a small fraction
of the CGD database. More CPT should be analysed.
Only one method was used to calculate FS. Other
evaluation methods are recommended.

Original LPI equation is not applicable in assessing
liquefaction-induced damage in Christchurch.
The modified LPI equation (LPI2a) best reflect the
observed damage in Christchurch.

Boulanger, R. W., & Idriss, I. M. (2014). CPT and SPT based liquefaction
triggering procedures. Report No. UCD/CGM-14/01. Center for Geotechnical
Modeling, Dept of Civil & Environmental Engineering, UC Davis.
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•
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Analysis and Discussion

LPI modification methods

Original LPI Original LPI
revised
threshold

• When compared to observed damage, the original LPI
has the lowest accuracy (only 15%).
• Recalculation of damage severity ranges for the original
LPI resulted in increased accuracy.
• Modifying the LPI equation to include FS<2 showed the
highest accuracy in predicting surface damage (49%).
This is possibly due to effect of generation/dissipation
of pore water pressure for 1<FS<2.
• Cumulative effects of the earthquake sequence may
have over-estimated the damage observed at the CPT
sites.
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3rd Place = Gislaine Pardo – Geotechnical properties of sand mixed with Biochar.

Biochar

Bio-oil

Bio-gas

Scanning electron micrographs from Brewer, C. E.
“Biochar characterization and engineering”.
Graduate Theses and Dissertations (Iowa State University, 2012).

Biomas
Wood

Pyrolysis
Heat

Biogas

This material has been commonly used in environmental and agricultural applications. However, there
is little research conducted on the geomechanical
properties of soil mixed with some Biochar.

Biochar is a recycled material obtained through pyrolysis in the manufacture of bio-oil. It can be obtained
through waste wood and it is an organic material that
can endure in soil for thousands of years. It can modify pore size distribution, provide aggregate stability,
and has a large water holding capacity.

What is Biochar

Many current methods to improve soil conditions are
high-energy consumers and involve the introduction of
chemicals into the ground. In addition, wood wastes
coming from forestry and timber industries are increasing every year in New Zealand. There is a need for environmentally friendly solutions that help to improve soil
and, at the same time, provide a solution for wastes
and minimize carbon emissions.

Introduction

Gislaine Pardo| University of Auckland
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• Could Biochar help improve the geotechnical
properties of loose clean sand?
• Could it mitigate the occurrence of liquefaction?
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The preliminary results indicate that biochar, indeed,
increases cyclic resistance. Biochar could be used to
manage wood waste and to develop new alternatives
to mitigate liquefaction.
More tests are required to establish the trend and to
assess static resistance. In the next stage of the research,
interparticle interaction will be studied to better
understand how Biochar improves the cyclic resistance
of clean sand.
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review – book

Slope Stability Analysis and Stabilization: New Methods
and Insight, Second Edition – by Y.M. Cheng and C.K. Lau

Review by:
Don Macfarlane
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

For my sins, I have had this book to
review for many months (more than I care
to admit). So, my apologies to Ross...
The authors stated objective is “to
contribute towards the establishment of
best practice in the design and construction
of engineered slopes”. The Introduction
chapter provides discussion on model inputs
and provides a list of ‘typical unforeseen
ground conditions’ based on the authors
Hong Kong experience. Chapter 2 outlines
the standard 2D slope stability analysis
methods we all know and love, and includes
discussion on ‘miscellaneous considerations’
such as tension cracks, earthquake, and
water pressure, managing to slip in a
discussion of soil nailing that seems out
of place.
The meat of the book is contained in
Chapters 3 through 5 which cover analytical
methods and issues in considerable detail.
There is a section discussing/analysing
issues that the authors consider to be often
not well addressed in 2D modelling, such
as difficulties in locating the critical failure
surface, convergence problems and interslice
forces. Chapter 4 on finite element analysis
methods includes comparison with limit
equilibrium and discusses analytical problems
such as modelling the effect of soft layers. It
includes sections on the analysis of soil nailed
slopes and stabilisation with piles. Chapter
5 covers 3D slope analysis in some depth,
including ‘new formulations’ of Bishop, Janbu
and Morgenstern-Price for 3D analysis and
discussion of the effects of slope curvature
on model outputs.

Title

Slope Stability Analysis and Stabilization: New Methods
and Insight, Second Edition

Authors

Y.M. Cheng and C.K. Lau

Publisher

CRC Press

Year Published

2014

Length

438 pages, with 243 black and white illustrations

ISBN

9781466582835 - CAT# K18956

Price from Publisher

Hardback £123.99, eBook £86.79, eBook rental £55.99
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There is a very slim chapter on
‘Implementation’ that discusses soil nailing
practices in Hong Kong, highlighting the
importance of drainage. The final chapters
provide guidance for the investigation,
assessment and analysis of preventive
measures, again with emphasis on soil nails,
and an outline of analytical procedures
aimed at assisting readers understanding
of the process of undertaking analysis.
Overall, this book provides helpful
practical advice and design resources for
the practicing engineer. The real value
is in Chapters 3 to 5 where it details the
limitations of both limit equilibrium and the
finite element method in the assessment
of the stability of a slope, and introduces
a variety of alternative approaches for
overcoming numerical non-convergence
and the location of critical failure surfaces
in two-dimensional and three-dimensional
cases. It gives helpful practical advice
and design resources in the form of
recommendations for good analysis and
design practice, design charts and tables
for the engineer but the peripheral
chapters seem to be aimed more at
students than practicing professionals
and to my mind are a bit superficial for
this reason.
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NZGS Young Geotechnical Professionals

Frances Neeson
Frances is an Engineering
Geologist with Opus in
Christchurch. She holds a
Bachelor of Science (Geology)
and Post Graduate Diploma
in Engineering Geology.
Over the last five years
Frances has enjoyed working
on small and large projects
in the North and South
Islands including numerous
infrastructure projects,
earthquake remediation
and the Ferrymead Bridge
Replacement. Frances
is excited to be able to
represent the growing
numbers of YGP members
of NZGS and promote YGP
orientated activities!

ygp@nzgs.org

THE YOUNG GEOTECHNICAL
PROFESSIONALS (YGP) group has
been formed to represent, support
and provide a voice for the young
professionals in the NZGS. We represent
a lively, increasingly influential and
rapidly growing section of Geotechnical
Engineers and Engineering Geologists
nationwide. Through a social culture of
innovation, integrity, networking and the
pursuit of excellence, we facilitate the
professional and personal development
of young geoprofessionals. Remember, if
you are a NZGS member under 35 years
of age, you are automatically a YGP!
Latest Activities:
Student Awards
The New Zealand Geotechnical
Society Student Awards are presented
to recognise and encourage student
participation in the fields of geotechnical
engineering and engineering geology. The
2015 awards were again run as a poster
competition, which were displayed
during the Auckland Branch event last
December. Congratulations to all the
students who participated in the event
and especially to the prize winners on
pages 88-90 in this issue.
We will soon call for registration and
abstracts for the 2016 Student Awards.
See page 93 in this issue for details.
Please encourage any students to
register an abstract and student NZGS
membership is free! Further information
can be found on our website: http://www.
nzgs.org/awards/new-zealand-geotechnicalsociety-student-awards.htm

11th Australia and New Zealand
Young Geotechnical Professionals
Conference
The 11th Australia New Zealand
YGP Conference is to be held in
Queenstown, in October 2016. The YGP
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conference has been held over the past
20 years for geotechnical professionals
from Australia and New Zealand
who are 35 years and younger with a
maximum of 10 years’ experience. The
aims of the conference are to:
•• P
 romote the professional
development of delegates through
sharing experience and ideas, and
by presenting a paper to senior
professionals and peers.
•• E
 xpand and strengthen the lines
of communications between young
professionals within the field of
geomechanics.
•• P
 romote an enhanced perspective
of the varied roles, responsibilities
and opportunities encompassed by
the geotechnical profession.
A record number of abstracts were
received which was double those of
previous conferences. All abstracts
were of a high quality and abstract
acceptance was highly competitive.
EQC and NZGS are again generously
providing sponsorship through the
Young Geotechnical Professionals
Conference Awards to assist up to ten
YGP’s to attend the conference and
successful delegates will be notified
following the judge’s decision. Further
information on the awards can be
found: http://www.nzgs.org/awards/younggeotechnical-professionals-conference-awards.
cfm

The Organising Committee also
wishes to acknowledge the support
of our generous sponsors including
platinum sponsor Opus International
Consultants and Gold Sponsors, Tonkin
& Taylor and March Construction.
Without the support of sponsors, this
valuable conference would not be
possible. Sponsorship packages are still
available and further information can be
provided by emailing 11ygpc@gmail.com.
NZ Geomechanics News • June 2016
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NZGS Awards Dates

To advance the aims of the
Society we regularly present awards
to outstanding members. We
encourage all members to consider
applying for, or supporting others
to apply for the awards summarised
below. More details with conditions
applying to each award are available
on our website.
Young Geotechnical
Professionals Conference
Awards
If you are 35 years of age or
younger and hope to present at
the Conference in November, this
financial award is designed to help
with your expenses.

The New Zealand
Geotechnical Society
Student Presentation
Awards
Students submit an abstract for their
poster to register for the award and
then prepare an A1 size poster that
clearly and concisely presents their
work on any aspect or topic in the
fields of Geotechnical Engineering or
Engineering Geology. Often, this is a
poster that has been prepared as part
of coursework already required as
part of your degree. The winner of the
best poster will receive $1,000 prize,
with second and third place receiving
$500 and $300 respectively.

ANNUAL
NZGS Scholarship

Sept 2016, Call for End Oct 2016,
applications
Closing date for
applications
NZGS Student Poster Award June 2016, Call for Mid Oct 2016,
applications
Closing date
applications

NZGS Young Geotechnical Professional (YGP)
Conference Awards
NZGS Young Geotechnical Professional Fellowship

Young Geotechnical
Professionals Fellowship
This fellowship, worth up to $4,000,
is awarded to the author of the
best paper by a New Zealand
representative at each AustraliaNew Zealand Young Geotechnical
Professionals conference. The award
is to be used for the reimbursement
of expenses incurred in attending the
next International Young Geotechnical
Professional Conference.
New Zealand Geotechnical
Society Scholarship
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 or consultancy based
research) which would not otherwise
be possible for them.

End Nov 2016

Closing date for full
submission

Mid Nov 2016,
Closing date for
receipt of poster

End Nov / Early Dec,
Judging & announcement
of winner at a local NZGS
evening event

1 July 2016, Applications due in (along with paper submission)
To be awarded at next YGP Conference (Queenstown,
October 2016)

Other Awards
NZGS Geomechanics Award (best paper) next award 2017-18
NZGS Geomechanics Lecture (next award 2017)
ISRM Rocha Medal 2018
Deadline for applications 31 December 2016 contact Stuart Read
IAEG Awards 2016 (Richard Wolters Prize, Hans Cloos Closing date for nominees to NZGS committee was
Medal, Marcel Arnould Medal)
end April 2016
ISSMG Awards 2016 (various)
Closing date for nominees to NZGS Committee is
1 June 2016 (to ISSMGE by 1 July)
June 2016 • NZ Geomechanics News
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Obituary, Don Taylor (1923 – 2016)

On February the 26th, the
engineering community lost one
of its Gentlemen. Tonkin + Taylor
co-founder, Don Taylor passed away
peacefully at the age of 92. The
Wellingtonian left school to become
a cadet engineer on the eve of WWII.
He completed two years at the Dept.
of Public Works before joining the war
effort that included a 12 month tour of
duty for the RNZAF in the Pacific.
After the war, Don studied for a
Bachelor of Science and joined the
Ministry of Works as a Construction
Engineer. In the early 1950s he
packed up and headed off on
his OE which included studying
at London’s prestigious Imperial
College. When asked about his
engineering qualifications in an
interview for Tonkin + Taylor’s legacy
archive last year he simply said,
“I was a practising engineer.” For
Don, knowledge had to be applied,
it served little purpose as an
abbreviation on a business card.
When he returned to NZ in 1956,
he joined what-was-then the largest
infrastructure project team in NZ’s
history. While working on the
construction of the Auckland Harbour
Bridge he met Ralph Tonkin and a
loyal and lifelong friendship began. It
took Ralph several years to persuade
Don to forfeit the security of an
annual salary and create a specialist
geotechnical consultancy but in 1961,
Tonkin + Taylor opened for business.
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Ralph’s entrepreneurial skills
and Don’s technical reputation
and industry relationships quickly
turned into respectable revenue.
Don became a trusted adviser to the
Ministry of Works and was the lead
geotechnical specialist on many of the
largest infrastructure and economic
development projects of the 1960s
and 1970s including Think Big. In the
1980s, Tonkin + Taylor saw opportunity
for growth internationally and Don
oversaw major engineering projects in
Malaysia, Laos and the Middle East.
Tonkin + Taylor’s records from the time
include the scoping of a project for
Iraq’s leader, Mr Saddam Hussein.
When Ralph Tonkin passed away in
1985, Don led the company on his own
through until his retirement in 1988.
Last year when Don was asked, what’s
the key to successful consultancy,
he replied, “there’s two things… you
need to understand your client and
what they need and you have to work
alongside people you can relate to.”
Terry Kayes, who replaced Don
as Managing Director of Tonkin
+ Taylor in 1988 said, “Don was
the consummate professional. He
left a legacy of the insistence of
professional standards, of pride
in one’s work and doing the right
thing.” Managing Director, Doug
Johnson paid tribute to the enduring
values based culture that Don was
instrumental in creating, “Tonkin
+ Taylor was founded on inspiring

leaders working collaboratively
together. We will honour his memory
by dedicating ourselves to continuing
the work he loved so much.”
Don Taylor was a Member of
the Institution of Civil Engineers, a
Fellow of the Institute of Professional
Engineers of NZ, Chairman of NZ
Geotechnical Society, Chairman
of the Association of Consulting
Engineers of NZ, on the board of
Consulting Engineers Advancement
Society and on the committee of
Engineers for Social Responsibility.
Don was a Docent (voluntary
guide) at the Auckland City Art
Gallery and became an accomplished
artist during his retirement. Don and
Christine Taylor had three sons.
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Alfred Brian Hawkins PhD, DSc, FICE, FIMMM, FIHT, CEng, CGeol, EurIng.
(1934 - 2016)
Like many of my colleagues, I first
met Brian when I was a new geology
undergraduate at the University of
Bristol when he led a fieldtrip to the
Lake District, in 1975.
Originally a geographer, his
interest in the Quaternary had led
him to geology and then by default
to the then fairly young discipline of
engineering geology, because people
were approaching the university for
advice. He was appointed Reader in
Engineering Geology in 1979.
He was one of those lecturers who
inspired students with his subject and
one who was popular with the student
community. After my graduation
he invited me to partake of a NERC
sponsored PhD project on superficial
structures and slopes in the south
Cotswolds, near Bath, England. It
was during this time that I got to
know Brian better, and his later to be
business partner, Marian Trott.
He was one of only two people
not in my family to know that I was
getting married. It was going to be
a secret but whilst out doing some
consultancy in my field area a date
was suggested for the next meeting.
I explained I could not make it that
day. The response was along the lines
of ‘you’re a student, what could you
possibly be doing on that day that
would prevent you from attending?’
Rather embarrassed, I replied “I am
getting married”. He even bought me
a wedding present!
I attended three more Lake District
trips, this time as a postgraduate
demonstrator and witnessed Brian’s
inimitable style of picking on someone
(in a nice way) to explain what the
exposure was telling us. He always
took the same coach driver who came
out with us into the field. Unbeknown
to one poor student who did not
June 2016 • NZ Geomechanics News

know the answer, Brian asked “Surely
you don’t want the coach driver to
explain it to you?” The coach driver
(Kelvin) strode forward confidently
and casually explained how the joints
in the igneous rock had been formed
as the rock had cooled, much to the
chagrin of the poor student. He lived
to fight another day.
I was one of his early
postgraduates and subsequently Brian
supervised a long line of PhD students
(more than 35). He established
a strong engineering geological
research unit embracing topics in
slope stability in engineering soils and
engineering rocks; the development of
ground sulfates and the stability and
remediation of mines and tunnels. He
published extensively (over 70 papers)
and was awarded a Doctor of Science
degree for this work.
He spawned a cottage industry,
with six of his former postgraduate
students working at one time for
one company in Bristol (Hydrock),
including the managing director.
All of us were inspired to become
engineering geologists by Brian
and to make it our life’s work. We
owe him a great deal and are truly
grateful. He certainly taught me a
great deal of what I know and, more
importantly, how to apply it and how
to communicate it. It was Brian who
persuaded me to join the Engineering
Group committee and the QJEGH
Editorial Board, both of which I
enjoyed and doubt I if would have
been involved without his mentoring.
A surprise dinner was organised
in 2006, in cahoots with Marian
who ostensibly took Brian out for
a meal for two. ‘By coincidence’,
various groups of 4 or 5 former PhD
students arrived in quick succession,
all apparently having booked tables

in the same restaurant on the same
night. Of course, Brian guessed what
was happening by the time the second
group arrived. The waiters pushed the
tables together and a good time was
had by all, reminiscing about the good
times. Impromptu speeches were
exchanged. Brian was in his element.
Brian took early retirement from
the university to concentrate on
his consultancy but continued to
lecture civil engineering and geology
undergraduates. He ran a small
practice so as to remain involved
on a personal level, advising local
authorities, public utilities, contractors
and consultants on practical aspects
of construction work as well as
contractual issues and as an expert
witness.
Over more than 40 years he
worked as an academic and practical
engineering geologist, both in the UK
and abroad.
He was frequently invited to lecture
at universities and international
conferences and to be involved in
field visits and has always been
active in the profession. Amongst
his many roles have been: Secretary
(1974 to 1976) and then Chair (1982 to
1984) of the Engineering Group of the
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Geological Society; Vice President
for Europe for the International
Association for Engineering Geology
and the Environment (IAEG) (1995 to
1998); member of the Geotechnique
Advisory Panel; Editor of the
Quarterly Journal of Engineering
Geology and Hydrogeology (1990
to 1993) and Editor-in-Chief of the
Bulletin of Engineering Geology and
the Environment (for 15 years from
1998 to 2012, ably assisted by Marian).
His one disappointment was not being
elected as President of the IAEG
in 1998. After the first vote, the two
leading candidates had received the
same number of votes. On the second
vote the same thing happened. It was
not until the third vote that Professor
Wang Sijing was narrowly elected.
Brian was honoured with being the
first recipient of the Marcel Arnould
Medal presented at the 2014 IAEG
Congress in Torino “in recognition of
people of significant repute within
the IAEG and who have made a major
contribution to the Association”.
I close with some anonymised
comments I have received from
well wishers, former colleagues and
students of Brian.

“Amazing, irritating, loveable rogue, mentor, troublemaker, once met never
forgotten (especially if you sat near the front). Listened to him giving an
outrageous performance at a lecture last year, and still remember the very
first fieldtrip with him.”
“He had a huge impact on my life and I remember my first field trip with him.
I suppose it comes to us all but what a way to go, doing the thing that you love
doing and doing right to the last.”
“It is amazing to think of how much I owe to Brian’s influence, guidance and
encouragement during those formative (undergraduate and postgraduate)
years as an emerging engineering geologist.”
“One thing struck me was that he never forgot his postgraduate students; he
was always full of praise for us no matter how “miserable” (his words) we turned
out; he really cared and valued his time as a supervisor and was very proud of
his small army of postgraduates.”
“He really was special and an inspiration.”
“He seemed indestructible, and only saw him a couple of months ago when
he was on his usual form.”
“An engineering geologist with prominence, a colleague with a large presence
in the development of our learned society [IAEG] and with a great contribution
in making our journal prestigious in our field.”
“It’s a pleasure to have known him throughout my career.”
“He was a vivid character ... great generosity of character, unconventional
approach to teaching, and incredibly broad knowledge and experience.”
“Brian has left a wide-spread legacy in the many students that he taught and
enthused over the years and through his work within our profession.”
“Brian was one of the greats and it was a privilege to have known him.”
Kevin Privett,
February 2016
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International Society of Soil Mechanics and Geotechnical Engineering
The fifth Board meeting of the
term of the President, Prof. Roger
Frank, was held in Phoenix, USA
and coincided with the ASCE GeoInstitute’s Geo-Structures Congress.
Items of note to the Australasian
region and its members were as
follows:
••Libya may have a geotechnical
society that could apply to
join ISSMGE. The VP (Africa) is
following this up.
••The forthcoming Int. Conference
on Geo-mechanics, Geo-energy
and Geo-resources to be held in
Melbourne in September 2016 and
organized by Monash University
was discussed. There may be a
conflict with the TC308 1st Int.
Conf. on Energy Geotechnics
(ICEG 2016) to be held in Kiel,
Germany, August 29–31, 2016.
••The Board is considering
establishing a new Technical
Committee on Earth Retaining
Structures and discussions are
ongoing.
••The number of corporate
associates is in decline and
Sukumar Pathmanandavel (Chair,
CAPG) is in discussion with the
President, the CAPG and the Board
in order to redress this. An article
is included in the April edition of
the ISSMGE Bulletin (see below)
addressing the CAPG.
••The Innovations and Development
Committee, through the leadership
of Dimitrios Zekkos, is progressing
a new website for the ISSMGE.
The Society is committed to
having as many of its international,
technical committee (TC) and
regional conference papers freely
accessible on the website as
possible. To this end, from this
point forward, all international,
TC and regional conferences
associated with the ISSMGE will be
June 2016 • NZ Geomechanics News

expected to facilitate open access
on the ISSMGE website.
ISSMGE Awards
Awards will be presented at the 19th
Int. Conf. on Soil Mechanics and
Geotechnical Engineering in Seoul in
September 2017 for:
•• Outstanding Technical
Committee;
•• Outstanding Geotechnical
Project;
•• Outstanding Innovator;
•• Outstanding Member Society;
•• Outstanding paper published
in the Int. Journal of GeoEngineering Case Histories;
•• Outstanding Public Relations
Award; and
•• Outstanding Young Geotechnical
Engineer Award.
The deadline for nominations is
July 1, 2016. Information regarding the
awards is available on the website at:
www.issmge.org/en/awards

Mark is Head of the School
of Civil, Environmental and
Mining Engineering at the
University of Adelaide.
Over the last 25 years Prof
Jaksa's research at the
University of Adelaide has
concentrated on probabilistic
methods, geostatistics,
artificial intelligence, ground
improvement, expansive
soils and geo-engineering
education. He has published
over 125 journal and
conference papers on these
topics.

19th ICSMGE, Seoul 2017
The NZGS received 9 abstracts for
the 19th International Conference
on Soil Mechanics and Geotechnical
Engineering, which is to be held in
Seoul in September 2017. Full papers
are due to by January 15, 2017.

Mexico on “Geotechnical Challenges
in Mexico City Clay.” It, as well as
all past webinars, can be accessed
at: www.issmge.org/en/resources/
recorded-webinars

Sydney Bid for 2021 ICSMGE
The Australian Geomechanics
Society will again bid to host the 20th
ICSMGE in Sydney in 2021. At this
stage, there appears to be no other
Member Societies planning to submit
a bid. Irrespective of this, the AGS is
continuing to progress its bid with the
assumption that the process will be
competitive. The AGS is grateful to
the NZGS for its strong support.
ISSMGE Webinars
A webinar was delivered on April 18,
2016 by Prof. Gabriel Auvinet from

Mark Jaksa

ISSMGE Bulletins
The latest bulletin (April 2016), which
includes a report on the 12th ANZ
Conference on Geomechanics held
in Wellington last year, is available for
download from:
www.issmge.org/en/resources/issmgebulletin
ISSMGE Foundation
The next deadline for receipt of
applications for awards from the
ISSMGE Foundation is August 1, 2016.
Further information is available from:
www.issmge.org/en/issmge-foundation.
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International Society for Rock Mechanics
This report covers items from
the first full Board meeting in March
2106 in Zagreb, Croatia and ISRMrelated information.
Young Professionals
Young members form ~20% of
overall ISRM membership, and
activity in countries appears to
be either high (e.g. South Africa,
Australia, New Zealand with
organised conferences) or very low
(no specific activity).
The committee is deciding
whether to add a young member
group to ISRM overall profile. Unlike
other societies (e.g. ISSMGE) it
may well remain a National Group
activity, with young professional
group activities at particular
rock mechanics conferences (e.g.
Rockbowl at Montreal). In New
Zealand YGP activities, such as
the upcoming YGP conference
in Queenstown, by default cover
all three International Societies
(ISSMGE, IAEG, ISRM).
Education Fund
An ISRM education fund has been
set up with an initial (seed) balance
of €50,000 from ISRM. Guidelines
for funding and operation are being
established, but how to make its
operation international is a potential
hurdle (i.e. available to recipients
outside funding body geographic
area).
FedIGS (Federation of
International Geo-engineering
Societies):
FedIGS (grouping of ISSMGE,
IAEG, ISM & IGS) met in Florida
on 13/14 April 2016 (last meeting
was in China 4 July 2015). Amongst
items discussed is one relating to
copyright and citation indices for
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conference papers (raised through
ISSMGE) – this issue is important as

conferences are important to the
societies, bringing together academic
and consultancy activities, but a lack
of recognition for academics lessens
the drawcard for their attendance.
Commissions
There are 17 ISRM Commissions in
the 2015 – 2019 term. Commission
purposes and anticipated products,
along with membership, are currently
being added to the ISRM website
(links on https://www.isrm.net/gca/?id=153).
Several of the Commissions are
very active, with Testing Methods and
Crustal Stress being recognised as
‘outstanding’ by the 2011-2015 Board.
Testing Methods have published
two books: one, the blue book in
2007 on suggested methods of
rock characterisation, testing and
monitoring with an update (expansion)
in 2014 – the orange book. A reduced
price for the orange book is available
for ISRM members through the
members page (see also https://www.
isrm.net/gca/?id=177).
The Technical Oversight
Committee (TOC) has done an initial
review of commission activities. Their
next task is to identify gaps (Mining
is noted as one) or where there
is overlap between commissions,
including with other technical
societies (e.g. undersea tunnels
with ITA). There are currently no
Commission members from New
Zealand, so please contact Stuart
Read if you feel that you could
contribute to Commission activities.
Rocha medal (2017 &2018)
Nominations for the 2018 award, are
due by 31 December 2016. Further
details are on the ISRM and NZGS
websites, with nominations able to

Stuart Read
Stuart Read is an engineering
geologist with GNS Science.
He obtained his degree,
in engineering geology
from the University of
Canterbury, in 1971. His
43 years of engineering
geological consulting and
research experience has
been in the evaluation,
investigation, construction and
refurbishment of engineering
and mining projects. He has
taken a leading role in the
development of the rock and
soil mechanics laboratory for
GNS Science and has research
interests in the strength and
deformation properties of rock
and soil masses.

be direct to Secretary General or via
myself (remembering a 10,000 word
summary of the thesis needs to be
prepared).
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
NZGS and AGS members affiliated to
ISRM as individual members there is a
members area with access to further
products. There is also Linked in,
Twitter or RSS access.
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xxxxxxxxxxxxxxxx
Northland
Auckland 432

Branch reports
Bay of Plenty, Waikato
Hamilton 119
Auckland
2016 started strong mid-February
with 70 people attending a talk from
the team of Michael Abbott and
Rodney Appleby from Piletech, Daniel
Coats of Helix Flight Manufacturing
Machines and Aaron Beer of Beca
speaking on the IPENZ Practice
Note: Screw Piles – Guidelines for
Design, Construction and Installation.
In the last week of February we
held a combined NZSEE and NZGS
presentation where we were very
grateful to have Dr Gregory de
Pascale from the University of
Chile speak on the 2015 magnitude
8.3 Illapel, Chile subduction zone
earthquake. He presented on the
combined geotechnical and structural
damage observed from shaking and
the associated tsunami.
At the beginning of March we
had a good turn out to the AGM,
which was followed by John Scott
from MBIE presenting on the New
Zealand Geotechnical Database.
John presented on lessons from the
Canterbury Geotechnical Database,
and made a compelling case to
encourage knowledge sharing in the
industry.
In mid-April we had 60 people
at the Tonkin & Taylor café to hear
Sjoerd Van Ballegooy speak on
observations from the Valentine’s Day
Earthquake in Canterbury. It was a
great to hear the lessons learnt being
shared so quickly after such a recent
event.
The Auckland coordination team
has a new face in Charlotte Robertson
of Beca. Charlotte takes over from
the great work done by Kim Rait, who
has moved to the sunny Bay of Plenty.
Thanks Kim and welcome Charlotte.
Thanks to the sponsors of food and
drink for talks so far in 2016, Tonkin
June 2016 • NZ Geomechanics News

CENTRAL East Coast
Hawke’s Bay, Taranaki
Wanganui 26

Nelson
Marlborough 28

Wellington 174

Canterbury 242

1071

Total
Members

Otago 32
International 18

Above: Auckland Branch Presentation 12-4-16 - The Christchurch Valentine’s
Day Earthquake Presented By Dr Sjoerd Van Ballegooy.
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See the
events diary or
www.nzgs.org
for future
events

or excavations then NZGS would be
very interested in taking a look. Please
contact Kori Lentfer Ph: 0277222540
E: koril@cmwgeosciences.com or Andrew
Holland Ph: 0220488441 E: Andrew@
hdc.net.nz

+ Taylor, Piletech, Beca, Jacobs and
Geotechnics.
If you are interested in supporting
the society and exposure to the
geotechnical community please
contact one of the coordination
team. Auckland coordination team:
Charlotte Robinson, Luke Storie, Eric
Torvelainen.
Waikato
On Tuesday 23rd February Rodney
Appleby and Michael Abbott from
Piletech presented on the IPENZ
Practice Note for the design,
fabrication and installation of screw
piles. This was an opportunity
to review and discuss the use of
screw piles in New Zealand with the
aim of creating awareness about
maintaining consistent standards in
design, manufacture and installation.
The event held at the WINTEC
City Campus in Hamilton was very
well attended (more seats had
to be brought it) by not on NZGS
members but also IPENZ and SESOC
representatives, structural and civil
engineers.
In 2015 there was some exciting
work on identifying and tracing
the recently discovered Hamilton
Fault (fault zone). The University of
Waikato have recently been involved
in further work looking at tracing
fault extents (further details will
follow when available). An initial
dialogue can be seen at the following
link http://www.stuff.co.nz/waikato-times/

Future Prospects for Branch Events
in planning include:
••“Tomos” in Hamilton Ashes?
Evidence of piping failures in
Hamilton hill soils
•• Huntly Section of the Waikato
Expressway – likely to be late 2016
•• Hamilton Section of the Waikato
Expressway
BAY OF PLENTY
Welcome to Kim and James as
co-coordinators of the Bay of Plenty
branch. After a hiatus of activity in the
Bay region the NZGS is back on the
map.
March saw two NZGS events which
were very well attended and received.
••A joint NZGS and IPENZ site visit
to the Maungatapu Underpass
provided an opportunity for local
geotechnical professionals to see
this project on the ground and
discuss the challenges provided
by the site with the designers and
construction contractors

••Piletech came to Tauranga to give
their presentation on the IPENZ
Screwpile Technical Note which
was attended by a large group
of geoprofesionals, structural
engineers, polytechnic tutors and
piling contractors.
Looking ahead we are working to
bring to Tauranga key presentations
which have been delivered elsewhere
in NZ. Additionally we are planning
an evening of short presentations
by local branch members, to
communicate within the region the
sort of projects we are working on
and to share knowledge within our
profession. We are hearing that
local members find site visits very
rewarding, so once daylight savings
returns we plan to run field trips to
local sites of interest such as the
Omokoroa Landslides.

Kim and James are seeking
feedback from the BoP
branch members as to what
they want the revitalised
branch to look like. Please
contact us with any ideas for
branch meetings or with any
offers of presentations or
field trips.

news/68159250/scientists-discover-potential-

If any site
developments in the Hamilton area
have any interesting cuts, trenches
fault-line-under-hamilton.html
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Above: Bay of Plenty Branch Presentation 17-4-16 AN INTRODUCTION TO IPENZ PRACTICE
NOTE 28 – SCREW PILES: Guidelines for Design, Construction & Installation
Presented by Michael Abbott and Rodney Appleby from Piletech
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h Geo-News Weekly
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

Above: Bay of Plenty IPENZ/NZGS joint visit out to the Maungatapu
Underpass construction site (thanks to Steve Crawford).

Hawke's bay
Nohing to report
Wellington
The Wellington Branch recently
enjoyed a presentation on geostructural aspects of the Gerald
Desmond Bridge at the Port of Long
Beach California. The presenter was
Andy Dodds from ARUP’s Auckland
Office and the event was well
received and attended.
On the horizon we are planning
a presentation from the Norwegian
Geotechnical Institute on Hazard,
Risk and Reliability in Geotechnical
Practice. The finer details are yet to
be confirmed but you can pencil this
in for around October, 2016.
Otherwise, the Wellington Branch
has enjoyed a slightly quieter period
over the past months following on
from a busy last couple of years. As
always, we kindly ask for members to
get in touch with any ideas they may
have for presentations. Do not be
shy, all presentation ideas are eagerly
accepted (e.g. visiting expert from
your company; construction site visit).
NELSON
We are intending to bring Warwick
Prebble to Nelson as our guest
speaker at our next meeting to be
June 2016 • NZ Geomechanics News

scheduled this winter. Warwick is an
experienced engineering geologist,
researcher and former lecturer at
University of Auckland.
He will talk on the geotechnical
challenges of the Tongariro Power
Development, sensitive volcanic soils
and landslides.
Canterbury
Canterbury branch has been
relatively busy over the last few
months with presentations by Andy
Dodds of ARUP on the Gerald
Desmond Bridge and visiting
professors, Ikuo Towhata on Urayasu
City Reconstruction, Dr Ronald
Andrus on Liquefaction Resistance
of Aged Soil Deposits, and Gregory
Pascale on the 2015 Chile Earthquake.
Otago
Nohing to report

Do you have an idea for your
local branch meeting? Your
local coordinators are keen to
hear your ideas and are always
oen to offers of assistance! See
the folowing pages for a list of
friendly contacts

NZ Geotechnical Society

2016PHOTO
COMPETITION

0
5
2
$
The best of
New Zealand
Awards for
best engineering,
best geology,
best blunder and
best artist…

entries close

September 30
More details see page 28
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auckland

Luke Storie

Eric Torvelainen

Charlotte Robertson

Luke is undertaking a PhD at
the University of Auckland on
earthquake resistant design of
foundations. He is investigating
the response of buildings in
Christchurch CBD following the
earthquakes following on from
research undertaken under
the supervision of Professor
Michael Pender. Previously,
with a BE(hons) and BA, Luke
was a Geotechnical Engineer
at Coffey Geotechnics

Eric is passionate about soil
stiffness, SSI and liquefaction.
A Canterbury graduate, he
works in T&T using numerical
methods to solve complex
problems, such as wind
turbine foundations, bridges,
multi-storey and in-ground
structures.

Charlotte is a Geotechnical
Engineer from the University of
Canterbury, working with Beca
Ltd., since 2014, after a year
spent travelling.
Charlotte has worked on a
range of projects including
ports, roading, wastewater
treatment plants and pipelines.
She is particularly interested in
seismic design and liquefaction
after living in Canterbury
between 2009 and 2012..

ETorvelainen@tonkin.
co.nz

luke.storie@gmail.com

Charlotte.Robertson@
beca.com

waikato

bay of plenty

See the
events diary or
www.nzgs.org
for future
events

Kori Lentfer

Andrew Holland

James Griffiths

Kim Rait

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 Ltd. She completed
a BSc(Hons) in Mathematics
and Statistics at the University
of Canterbury before working
in accountancy for several
years. Kim then returned
to UC to complete a PhD in
Geotechnical Engineering and
has been working at Beca on
various small projects over the
last year while completing
her thesis.

koril@cmwgeosciences.
com

Andrew@hdc.net.nz

Kim.Rait@beca.com

James.Griffiths@beca.com
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wellington

nelson

David Molnar

Ayoub Riman

Dolan Hewitt

Paul Wopereis

David is an engineering
geologist at Aurecon
Wellington. He has 6 years
of experience in projects
throughout New Zealand,
notably NZTA’s SH16 Causeway
Upgrade and SH2 Muldoon’s
Corner Improvements, also
KiwiRail’s North to South
Junction which won the 2012
Railway Technical Society
of Australia (RTSA) Biennial
Railway Project Award.

Ayoub is a senior geotechnical
engineer with more than
10 years of experience
gained in several countries
in the Middle East, Africa,
Australasia and Europe. He
has experience in the analysis
and design of foundations,
soil improvement and
treatment, deep excavations,
cut and cover tunnels, land
reclamation, slope stability,
seismic assessments

Dolan is an engineering
geologist with five years
of experience. Dolan has
worked in Western Australia
in mine resource geology and
planning. He now works for
Opus and has been involved
in geotechnical investigations
and risk assessments for
infrastructure and land
development throughout New
Zealand.

Paul is Principal Engineering
Geologist with MWH Global
based in Nelson.
Paul has worked at MWH
since 2001 and is currently
involved in projects in New
Zealand and Fiji. Previously
Paul was a senior exploration
geologist with L & M Mining
Ltd and has worked on mining
and exploration projects
in New Zealand and South
America.

david.molnar@
aurecongroup.com

ARiman@tonkin.co.nz

canterbury

Dolan.Hewitt@opus.co.nz

Paul.J.Wopereis@
mwhglobal.com
Otago

Tim Farrant

Sam Glue

David Barrell

Tim is a Geotechnical
Engineer with Riley
in Christchurch. As a
Christchurch local, Tim
studied Civil Engineering at
the University of Canterbury,
graduating with a BE (Civil)
in 2011. Since then Tim has
been actively engaged with
the Canterbury earthquake
recovery, gaining 4 years
of geotechnical earthquake
engineering experience in
Christchurch.

Sam is a Geotechnical
Engineer working for Tonkin
& Taylor in Christchurch
with 9 years experience
working throughout New
Zealand and Australia. Sam
graduated from Canterbury
with a BE (Civil) in 2006 and
is passionate about being
involved in the construction of
major infrastructure projects
that will withstand the test of
time and earthquakes.

David is a geologist and
geomorphologist at GNS
Science in Dunedin. South
Island born and bred. Since
joining GNS Science, he has
specialised in Quaternary
geology, landform evolution
and landscape processes.
David very much enjoys the
mix of scientific research and
applied geoscience that his
work entails.

d.barrell@gns.cri.nz

SGlue@tonkin.co.nz

tfarrant@riley.co.nz
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17
5
7
18
9
8
7
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7
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8
471

27

55
12
27
23
8
18
6
4
5
9
4
3
7
7
4

16
10
9
9
11
8
8
4

6
8
5

4
11
8
3
3
1
8
2

International

26

Wellington

214

Waikato/BoP

401

Otago

2
6
-2
5
-19
7
-5
-3
13
4
4
1
-3
-7
4
8
1
-10
-1
7
7
-1
0
7
6
0
1
6
5
5
-2
5
-2
4
-4
4
4

Nelson

93
62
46
41
27
26
21
20
13
13
22
12
11
10
9
8
8
8
8
7
7
7
7
7
6
6
6
6
5
5
5
5
4
4
4
4
4
425

Hawkes Bay

91
56
48
36
46
19
26
23

Canterbury

982

Change

Change
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Auckland

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Total in 2016

1
2
3
5
4
8
6
7
16
9
13
12
11
26
21
10
15
17
19
22
25
20
23
18
-

Total in 2013

Branch Total
Breakdown by organisation
Tonkin & Taylor
Opus
Beca
AECOM (formerly AECOM & URS)
Coffey
Riley
Aurecon
MWH
CMW Geoscience
KGA Geotechnical
ENGEO (formerly Geoscience)
Golder
Soil and Rock
Jacobs (formerly SKM)
GHD
Davis Ogilvie
Geoconsult
Auckland University
University of Canterbury
Fraser Thomas
Geosolve
Geotechnics
GNS Science
WSP-PB (formerly Parsons Brinkerhoff)
Cook Costelo
Damwatch
Engineering Geology
Gaia
Arup
Eliot Sinclair
Pattle Delamore Partners
RDCL
Auckland Council
Babbage
Fletcher
Kirk Roberts
MBIE
4 people or fewer *

Position in 2016

Position in 2013

We last published our summary of who makes up the membership of the NZGS in December 2013. This update
shows changes since then. Some caveats must be noted; not all NZGS members state the organisation with which they
are affiliated, so the numbers here do not include these individuals. The data is based on the most recent membership
lists, so will not take into account any recent movements of individuals between branches or organisations. This data
should not be taken to show the total number of geo-professionals in each organisation listed, as there will be people
who are not NZGS members or for whom we do not know their correct affiliation.

31

110

160
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15
17
5
4
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1
2
6

5
3
2

3
4

4

4

1
2

1

1

7
1
1
1

3

7
2

1
7

5

1
2

3
3

1
2

6
6
2

1
5
3
1
6

2

1

5
4

1
5

4
3
1

1
3
3

1
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•• Due to space limitations organisations with four or fewer known NZGS members have been amalgamated. This
number also includes individuals with no employer details recorded in the membership list.

Some of the key changes since 2013 are summarised in the table below:
2013

2016

Number of organisations with four or more NZGS members

26

37

Number of organisations with ten or more NZGS members

14

14

Number of NZGS members in the ten largest companies

381

362

Number of NZGS members in the five largest companies

277

269

It appears that in general the larger companies are shrinking very slightly, while a number of smaller players are
expanding. If there is demand for more in-depth industry information, please contact the editors. There is no change in
the top three positions, while the highest new entry is CMW Geoscience which jumps into 9th place. We can facilitate
the collation and publication if there is wide interest and buy-in from the organisations involved.

Welcome
to our new
committee
member
Eleni Gkeli

Eleni is an Engineering Geologist, with
20 years of experience in the geotechnical
profession. She has a degree in Geology,
an MSc in Rock Mechanics and Foundation
Design and a further MSc in Tunnel Design
and Construction. Eleni works for Opus
International Consultants in Wellington as
a Senior Engineering Geologist, leading the
Engineering Geology and Rock Engineering
team there. She has been involved in a variety
of infrastructure projects across New Zealand,
including the design and maintenance of
highway routes, seismic upgrade of bridges,
slope design and slope stabilisation, tunnel
maintenance and upgrades and projects in
the water and buildings sectors. She was the
lead for the tender design of the high rock cut
slopes of the Transmission Gully motorway
for Positive Connection Consortium and is
currently involved in the Petone to Grenada
Link scheme assessment and the NZTA
research project for the development of
Design Guidelines for the Seismic Design of
High Cut Slopes.
Before coming to New Zealand in 2012,
Eleni worked in Greece. She was initially
based in Athens, working for various
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geotechnical consultancies, and then
moved to Northern Greece to work in the
Design Department of Egnatia Odos S.A..
This is the managing authority of a 600
km long high standard motorway, designed
and constructed between the years 1998
and 2009, of an approximate total cost of
6 Billion Euros. Through her role in this
company, Eleni gained experience in the
design and construction of large scale
earthworks, bridges and tunnels and was
exposed to the latest developments in
geotechnical and seismic design in Europe by
collaborating with internationally recognised
experts in these fields.
As a member of the NZGS management
Committee, Eleni is keen to contribute to
further advancement of the geotechnical
profession in New Zealand, especially in
the area of development and application of
design techniques and methodologies, by
conveying the knowledge and experience she
gained working in European environment,
as well as from the interesting projects and
research she has been working on in New
Zealand, especially in the field of seismic
design of high cut slopes.
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Teresa Roetman
I live up in the Waitakere Ranges
in Auckland, far from the rush of
traffic and noise. Sitting at my
desk, looking out to the bush clad
hills full of birds happily chirping in
the sun I feel blessed to be part of
this wonderful environment. I love
these hills, hiking the tracks with my
son and daughter, paddling in the
rivers and streams, seeing weta’s and
glowworms, hearing the wildlife, not
to mention the fantastic views of the
surrounding city. We love the west
coast beaches, the black sand, the
wild surf. When I am not working for
the NZGS I enjoy all the “wild west”
has to offer.

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
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Position

NameEmail

Email

Chair

Charlie Price

Chair@nzgs.org

Immediate Past Chair

Gavin Alexander

Gavin.Alexander@beca.com

Vice Chair and Treasurer

Tony Fairclough

Treasurer@nzgs.org

Elected Member

Kevin Anderson

Kevin.Anderson2@aecom.com

Elected Member

Guy Cassidy

GCassidy@Engeo.co.nz

Elected Member

Eleni Gkeli

Eleni.Gkeli@opus.co.nz

Elected Member

Sally Hargraves

sally@tfel.co.nz

Management Secretary

Teresa Roetman

secretary@nzgs.org

Co-opted Member

Ross Roberts

ross.c.roberts@gmail.com

NZ Geomechanics Co-Editor

Don Macfarlane

editor@nzgs.org

Co-opted NZ Geomechanics
Co-Editor

Marlene Villeneuve

editor@nzgs.org

YGP representative
(Co-opted member)

Frances Neeson

frances.neeson@opus.co.nz

IAEG Australasian Vice
President

Mark Eggers

Mark.Eggers@psm.com.au

IAEG NZ Representative

David Burns

David.Burns@aecom.com

ISSMGE Australasian Vice
President

Mark Jaksa

Mark.Jaksa@adelaide.edu.au

ISSMGE NZ Representative

Mick Pender

M.Pender@auckland.ac.nz

ISRM Australasian Vice
President

Stuart Read

S.Read@gns.cri.nz
Management Committee

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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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) T
 o 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) T
 o 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.

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/

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

Inside front or
back cover

colour

opposite
contents page

Size

Double A3

-

$1400

$1600 (front A3)

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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420mm wide x 297mm high
$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

2016
2-4 june, 2016
North Cyprus
Fourth International
Conference on New
Developments in
Soil Mechanics and
Geotechnical Engineering
12-19 june, 2016
Napoli, Italy
12th International
Symposium on Landslides
20-23 june, 2016
Sofia, Bulgaria
International Symposium Challenges For Engineering
Geology And Geotechnics
After Natural Disasters
26-29 June 2016
Houston, Texas, USA
50th US Rock Mechanics/
Geomechanics Symposium
25-27 july, 2016
Shandong, China
4th GeoChina International
Conference 2016
1-6 august, 2016
New Delhi (NCR), INDIA
6th International
Conference on Recent
Advances In Geotechnical
Earthquake Engineering and
Soil Dynamics
24 august-4
september2016
Cape Town, South Africa
35th International
Geological Congress
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24-31 August 2016
Urgup-Nevsehir, Turkey
EUROCK 2016 – ISRM
European Regional
Symposium
4-7 september, 2016
Guimarães, Portugal
3rd International
Conference on
Transportation Geotechnics
5-9 september, 2016
Queensland, Australia
5th International
Conference on Geotechnical
and Geophysical Site
Characterisation
12-15 September 2016
Saint Petersburg, Russia
15th World Conference
of ACUUS: Underground
Urbanisation as a
Prerequisite for Sustainable
Development
22-23 September 2016
Belgrade, Serbia
15th Symposium on
Engineering Geology and
Geotechnics in Belgrade,
Serbia
2-5 October 2016
Vancouver, Canada
69th Canadian
Geotechnical Conference
12-14 October 2016
Tashkent- Uzbekistan
International Conference
"Actual Problems in Modern
Seismology

18-20 October 2016
Bali, Indonesia
ARMS 9 – the 9th Asian
Rock Mechanics Symposium
19-22 October 2016
Brazil
COBRAMSEG / SBMR 2016
21-23 October 2016
Qingdao, China
International Symposium
on Marine Engineering
Geology
25-28 Otober 2016
Queenstown, New Zealand
11th ANZ Young
Geotechnical Professionals
Conference (11YGPC).
24-25 November 2016
Hanoi, Vietnam
GEOTEC HANOI 2016:
International Symposium
on Marine Engineering
Geology
8-10 December 2016
Bengaluru, India
5ICFGE - 5th International
Conference on Forensic
Geotechnical Engineering
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2017		
18-20 January 2017
Villars - Switzerland
International Workshop Advances in Multiphysical
Testing of Soils and Shales
14-16 February 2017
Iran
5th International
Conference on
Geotechnical Engineering
and Soil Mechanics
12-17 February 2017
Cape Town, South Africa
AfriRock 2017 - International
Symposium
13-15 June 2017
Ostrava, Czech Republic
International Symposium
EUROCK 2017
15-19 July 2017
Sharm el-Sheikh, Egypt
GeoMEast2017 Innovative Infrastructure
Geotechnology
17-22 September 2017
Seoul, Korea
19th ICSMGE-Seoul
2017 - Unearth the Future
Connect Beyond
23-26 November 2017
Napier
NZGS Symposium
29 November - 1
December 2017
Auckland
Geoscience Society NZ
conference
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DISCOVER WHY PLAXIS IS ESSENTIAL
FOR EARTHQUAKE ENGINEERING
Plaxis has a worldwide proven record as a
geotechnical solutions provider for over
20 years. Our software PLAXIS, based
on the finite element method, is used by
geotechnical professionals worldwide for
complex projects and across industries.
Key benefits PLAXIS
• Quick model set-up with an intuitive
user-friendly interface
• Advanced material models to model
various soil and rock types
• Robust and reliable calculation
procedures
• Comprehensive and detailed postprocessing
Companies around the world use
PLAXIS 2D and 3D in combination with
the Dynamics module for the seismic
design of geotechnical structures, as well
as assessing the vibrations caused by
construction activity or traffic.

Key benefits for dynamic analysis
PLAXIS offers facilities for simple and
advanced seismic analysis.
• Tied degrees of freedom, which allows
users to perform site response analysis
• 2D and 3D pseudo static analysis

PLAXIS Academy Training & Events

Sample 3D tutorial videos released :

http://bit.do/pile-drv-near-bldg3D
http://bit.do/3D-suction-anchors
http://bit.do/win-turbinefdn-3D
Stay tuned for more courses and webinars !

PLAXIS Expert Services (online or onsite)

• Free field boundaries for earthquake
analysis
• Earthquake loading, where x and y and
z components can be independently
assigned ground motion data
• UBC Sand model for liquefaction
analysis
• The Hardening Soil small strain stiffness
model with hysteretic damping
• Rayleigh damping for structural
elements and soil models

Complex model setup and/or analysis
Flexible training/mentoring by Plaxis experts
Tailored to empower teams from the get go !
Custom project case study included
Check out the listing of project successes :
http://www.plaxis.nl/expertserviceprojects/

Experience these benefits first hand

PLAXIS 2D2016 & 3DAE.02 now shipping !

Contact us for a free demo copy !

www.plaxis.com

For PLAXIS Software in Australia & NZ:

T : 612 8257 3337
E : plaxis@techsoft.com.au

