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

Eleni Gkeli
Chair, Management 
Committee

From the Chair

and other public Authorities and 

professional organisations,

•   to transfer the knowledge 

developed by the activities of the 

Society in the most appropriate, 

efficient and inclusive manner to 

all our members throughout  

New Zealand. 

In the above objectives I will be 

supported by a wonderful team 

of people forming the NZGS 

Management Committee, which 

has been renewed by the latest 

election in August 2021. The new 

composition of the Management 

Committee is presented in detail in 

this issue of NZ Geomechanics News. 

MODULES FINALISATION 
PROJECT
The beginning of my term as 

the NZGS Chair coincided with 

an exceptional moment for the 

geotechnical practice in New 

Zealand. At the time I was writing 

this piece, the finalisation of the 

Earthquake Geotechnical Guidelines, 

used by our profession as draft 

documents since 2016, was close 

to completion; they are probably all 

issued in their final form by now. 

The modules finalisation 

project, led and funded by the 

Ministry of Business Innovation and 

Employment in partnership with 

NZGS, has been carried out with 

the combined efforts of Engineering 

New Zealand and NZGS. I would 

like to pass the Society’s warmest 

appreciation to everyone involved, 

coordinators, authors, editors and 

reviewers. I would like in particular 

to thank Ross Roberts, for his efforts 

during his term as Chair overviewing 

most of the process, and Mike 

Stannard, who has been the heart 

and the soul of this project since 

the early days of conception, as 

Chief Engineer of MBIE. Without the 

funding from MBIE and the efforts  

of each of these people the series 

Kia ora koutou

I am deeply honoured, and it is with 

great pleasure that I address the 

New Zealand Geotechnical Society 

members through this corner for the 

first time, as the newly elected Chair 

of the Management Committee. I 

have taken over the role from Ross 

Roberts, who has moved on to the 

immediate past Chair role from the 

1st of October 2021. My term follows 

a busy and productive decade for 

the New Zealand Geotechnical 

Society, marked by the Canterbury 

Earthquake Sequence and the 

Kaikōura Earthquake, events that 

brought the geotechnical practice in 

New Zealand an international focus.

Past Chairs of the New Zealand 

Geotechnical Society, such as 

Gavin Alexander, Charlie Price, Tony 

Fairclough and Ross Roberts whom 

I had the pleasure to work with 

as a member of the management 

committee, and who have devoted 

tremendous efforts for the 

advancement of the profession in New 

Zealand, have been great mentors for 

me. Considering their contributions,  

I fully appreciate the ‘very big shoes’  

I have to fill during my term.

As an NZGS Chair, I am intending 

to continue the work of the previous 

Chairs and my priorities will be:

•   to deliver training and CPD 

opportunities to the members, 

through presentations, webinars, 

workshops, mini-Symposia or 

other events,

•   to continue and progress our 

technical projects that include 

developing and supporting 

guidance documents and 

geotechnical information 

databases, and in particular 

advocate for a guidance document 

for Slope Stability in New Zealand,

•   to liaise and collaborate with 

the other Technical Societies in 

New Zealand and internationally 

through our representatives, as 

well as MBIE, Engineering NZ 
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will continue working with NZGS to 

finalise the Piling Specification, and 

I am sure he will be volunteering his 

time again for any project his input 

will be requested. 

NZGS CLIMATE CHANGE 
SYMPOSIUM
At the beginning of November, 

NZGS delivered the 1st Geotechnical 

Symposium focused on Climate 

Change and Sustainable practices. 

This Symposium was organised by 

NZGS, in collaboration with MBIE 

and Engineering NZ, and attracted 

very interesting presentations 

showcasing that our industry is 

already preparing and adapting 

to the upcoming change. The 

discussions that followed the 

presentations highlighted the high 

potential and unique opportunities 

for our profession to thrive in this 

field, as there is a lot more yet to  

be done. 

This was one more event 

disrupted by COVID outbreaks, 

and we had to change the date 

and format of the Symposium. 

This gave us one more opportunity 

to demonstrate how flexible and 

resilient we have become as an 

industry. I would like to warmly 

thank Jen Smith, our Symposium 

Convenor, for her efforts to make 

the Symposium reality, assisted by 

Martin Larisch, Ross Roberts, and 

Holly Rausch from Engineering 

New Zealand. They have all been 

instrumental for the event. 

NZ GEOMECHANICS NEWS 
The editorial team of our magazine 

has changed in the past few months. 

Gabrielle Chiaro who has been 

co-editing the magazine with Don 

Macfarlane since 2018, has retired 

from the role for personal reasons. 

Gabrielle has done a great job all 

these years, and I would like to thank 

him for all his hard work.

The co-editor was kindly taken 

over by Camilla Gibbons from 

Aurecon in Christchurch, who is 

currently assisting Don with our 

bulletin. Camilla has been involved 

with the magazine and has been 

a member of the Management 

Committee in the past, and we were 

would not be able to be finalised, 

and I personally wish to express my 

deepest thanks to each of them.

Following the finalisation 

of the geotechnical modules, 

NZGS will collaborate with MBIE 

and Engineering NZ to support 

communication, workshops and 

training for our membership in the 

use of the guidance to maximise the 

benefits to our practice. 

NZGS MANAGEMENT 
COMMITTEE
ELECTIONS AND NEW 
MEMBERS 
Our elections for the new 

Management Committee of NZGS 

took place last August. This year 

we had five of the members of 

the previous Committee reaching 

the end of their term, and the 

same number of elected positions 

becoming available. We were 

overwhelmed with the number and 

the high quality of the nominations 

for the elections, as well as the 

unprecedented participation of the 

members in the ballot. 

The result achieved sufficient 

refreshing of the Committee, as 

well as ensured continuity. Three 

new very enthusiastic members 

were elected to the Committee 

for the first time, Richard Justice 

from ENGEO in Christchurch, Emilia 

Stocks from Tonkin and Taylor in 

Wellington, and Ayoub Riman from 

ENGEO in Wellington, and two of the 

previous members were re-elected, 

Jen Smith from Tonkin and Taylor in 

Auckland and Rolando Orense from 

the University of Auckland. 

The new members of the 

Committee did not lose any time 

and took over their duties straight 

away. Richard Justice will focus 

on the coordination of the local 

branches, and I trust he will inspire 

revamping their activities, as we all 

recover from the multiple shocks the 

pandemic has brought to us. He will 

also coordinate the Slope Stability 

Guideline project, which is one of the 

priorities of the new Committee. 

I was extremely pleased to see 

Emilia Stocks volunteering for the 

role of training coordinator; a role 

that I used to serve in the past and 

which I believe is one of the most 

valuable for our membership. Emilia 

has started by issuing a survey to 

the membership last November, 

to identify our training needs and 

prioritise relevant courses for the 

next two years. 

Ayoub Riman, who has wide 

experience in NZGS roles outside 

of the management Committee, 

took the demanding role of speaker 

coordination and will also support 

the training activities of the YGPs. 

Rolando Orense will continue his 

good work coordinating awards 

and scholarships, but he will also 

focus on organising webinars. Jen 

Smith has completed her role as 

the Climate Change Symposium 

Convenor and has taken on the 

Treasurer and Vice Chair roles. 

I would like to wish to the newly 

elected members and all other 

members of the Committee all the 

best for their terms. I am aware of 

their enthusiasm and passion, and 

I am convinced that they will do a 

great job! 

FAREWELLS
Sadly, we must farewell some of our 

hard-working committee members. 

Sally Hargraves and Sally Dellow 

have reached the end of their terms 

and have decided to step down 

from the Committee. I would like 

to thank them both for their efforts 

and contribution to the Society. Sally 

Hargraves in particular, who has 

served the Society since 2015, will 

continue to provide her support in 

some of our technical work, as she 

is currently representing NZGS to 

the foundations working group of 

the committee that will revise NZS 

3604:2011 Timber-framed buildings.

A special farewell also to Tony 

Fairclough, who is leaving the 

Committee at the end of his term 

as immediate past Chair. Tony has 

served the Committee since 2010, in 

a variety of roles, including Convenor 

of the Geotech Symposium in 2013, 

and Treasurer and Chair of the NZGS 

Management Committee. Tony has 

devoted an uncountable number of 

hours and energy to NZGS and has 

brought tremendous value in the 

various roles he has served. Tony 
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delighted to welcome her again in an 

NZGS role.

Our bulletin distribution continues 

to grow and is currently being 

provided to more than 1,000 

members nationwide, while a PDF 

copy is also available on our website 

(https://www.nzgs.org/library/).  

I would like to take the opportunity 

to express the Society’s gratitude to 

two of our long-lasting advertisers 

who are both celebrating 50 years 

of business in this issue of NZ 

Geomechanics News:

•   Griffiths Drilling who has 

been advertising in the NZ 

Geomechanics News for over  

25 years now, and 

•   Grouting Services who have been 

advertising for over 10 years. 

The magazine and the Society owe a 

lot to our loyal supporters. 

INDUSTRY COLLABORATION 
NZGS has been working closely 

with our sister Societies, NZSEE 

and SESOC to establish a 

common approach to a number of 

matters and initiatives, including 

Occupational Regulation and the 

finalisation of the Geotechnical 

Engineering Modules. As the NZGS 

Chair, I have represented NZGS 

in their Management Committee 

meetings and their Presidents and 

representatives have been invited to 

the NZGS Committee meetings, to 

inform, share ideas and collaborate.

NZGS and SESOC have been 

working with Engineering NZ 

to issue guidance for Structural 

Engineers to assist in decision-

making for when Geotechnical 

input is necessary for residential 

development projects. We are also 

working with Engineering NZ to 

issue a template geotechnical report 

to support and justify this decision. 

I am also representing NZGS 

in the MBIE Code Advisory Panel 

(CAP), a working group established 

by MBIE to replace the Building 

Code Technical Advisory Group 

(BCTRAG). In this group MBIE is 

encouraging open and constructive 

discussions between their staff 

and industry representatives to 

incorporate improvements to the 

Code in various aspects. The last 

group meeting was focused on 

the proposed changes to address 

Climate Change and the design 

of energy efficient residential and 

commercial buildings.  

CONGRATULATIONS 
I would like to extend my 

congratulations, and those of all our 

other members, to those who have 

been recognised by Engineering 

New Zealand: 

Distinguished Fellow  

– Dr Peter Millar, who was elected a 

Distinguished Fellow of Engineering 

New Zealand for, among his many 

contributions, his contribution 

to geotechnical engineering and 

industry leadership. 

Fellow - Christopher John Freer, 

Gregory James Saul and Philip 

Robins. 

•   Chris Freer has over 40 

years’ specialist expertise in 

geotechnical engineering and has 

also been Chair and executive 

member of the NZ Pacific 

Business Council and Engineers 

Without Borders. 

•   Greg Saul is a nationally 

recognised geotechnical engineer 

with expertise in landslides, slope 

stability and stabilisation, as well 

as innovative geotechnical design 

of transportation projects. 

•   Phil Robins has over 30 years’ 

international experience in 

geotechnical engineering, with 

wide-ranging involvement  

across the infrastructure, buildings 

and industrial sectors. He has 

been Chair of NZGS, and is 

currently ISSMGE Vice President 

for Australasia.

CONCLUSION 
Despite the disruptions and 

restrictions imposed by the 

pandemic, our industry is continuing 

to flourish and is busier than ever. 

The Society has a lot of activities that 

need the membership contribution 

to succeed. I would like to invite all 

those great people that stood in the 

August election and have not been 

successful, and all our members to 

offer assistance to NZGS. There is so 

much going on, that we cannot spare 

good volunteers, and you don’t have 

to be member of the Committee  

to contribute. 

Please get in touch with me or 

the Management Secretary or any 

other member of the Committee, if 

you would like to support one of the 

NZGS projects or if you have ideas 

with respect to our activities  

(email us at chair@nzgs.org or 

secretary@nzgs.org).
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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 
Consultant with AECOM  
in Christchurch.

NZ Geomechanics News 
co-editor

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

NZ Geomechanics News 
co-editor

AS CHRISTMAS APPROACHES  

we look back on a year of changes, 

and can no doubt look forward to 

many more!

Key changes affecting NZGS this 

year have included a new Committee 

and Chair, a change in the Editors, 

loss of some influential figures in our 

profession and more lockdowns with 

their associated dramas and impacts 

on how businesses are run and how 

we work. But look back through time 

– it’s all happened before in some 

guise or other. Change is constant.

The important thing to do with 

changes and crises is to assess 

them carefully and decide what 

we have learned. In this issue we 

have an article that looks at the 

lessons learned from NCTIR in 

the recovery phase following the 

Kaikōura Earthquake. Similar lessons 

were learned at SCIRT and in the 

Port Hills following the Canterbury 

Earthquakes, and those were carried 

forward to kick-start the Kaikoura 

response. In turn the lessons from 

Kaikōura will help with the Alpine 

Fault response when it’s needed. 

And that is another change – GNS 

and VUW have (again) reduced the 

recurrence interval for the Alpine 

Fault from about 300 years to ~260 

years based on new knowledge. And 

they have increased to likelihood 

of “the big one” to 75% in the next 

50 years. Some of us ARE going to 

experience it, and use the lessons 

from the past to help kick-start the 

response. But the specific event 

effects and priorities will be different, 

so more lessons will be learned.

Every job you ever work on will 

teach you something. Some lessons 

will be good, some not. But learn 

ALL of those lessons; they will all 

help you!

My old granny was born when 

people travelled by horse and cart. 

She saw the advent of motor cars, 

aeroplanes, radio, television and men 

on the moon. She saw the changes 

that accompanied all of those events 

but she could not have imagined the 

changes that have occurred since 

those times. Similarly, you and I can 

only speculate on the changes that 

will come in future. Some of you will 

see more changes than others – you 

will have to deal with climate change, 

sea level rise, over-population of the 

planet, future pandemics, and who 

knows what else. And all the while 

you will be living ‘normal’ lives…

It has been a great pleasure to 

work with the team to bring you NZ 

Geomechanics News over the last 

few years. Now there is a new team, 

and already in this issue you will see 

changes (improvements) in layout. 

More changes will come as the new 

team develop their ideas. Because 

change is constant.

Enjoy change, learn from it and 

contribute to it where you can.

Don Macfarlane

A state of constant change
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Thank you and 
Farewell to Past 
Committee Members

TONY FAIRCLOUGH 

Tony Fairclough stepped down as 

a member of the NZGS National 

Management Committee (NMC) on 

30 September 2021. Tony, who was 

elected to the NMC during the 2010 

election process, has provided eleven 

years’ service to the NZGS including 

Treasurer for the 2015-2017 term and 

Chair for the 2017-2019 term. 

To date Tony has made a key 

contribution to countless NZGS 

events and projects including (but 

not limited to):

•    Convenor, 19th New Zealand 

Geotechnical Society Symposium, 

Queenstown.

•    Mentor and Judge, 10th ANZ 

Young Geotechnical Professionals 

Conference, Noosa, Queensland.

•    Panel Chairperson, “Pile 

Construction — Specification”.

•    Governance group and  

working group member,  

Update from the NZGS Committee

“New Zealand Ground 

Investigation Specification”.

•    Co-author, “Module 2: Site 

Investigation Guideline for 

Liquefaction Assessment of 

Residential and Commercial 

Buildings in New Zealand”.

•    Reviewer, “Module 5: Ground 

improvement of soils prone to 

liquefaction”.

•    Panel Chairperson, “Specification 

for Ground Improvement using 

Densified Rafts, Stabilised Crusts, 

Stone Columns & Driven Timber 

Poles for residential properties in 

Canterbury”.

•    Panel Member, “Seismic 

Engineering Geotechnical Design 

Module Finalisation Project”.

•    Panel Member, Standards 

Australia Committee Number 

CE-015, Review and update 

of AS 1726, “Geotechnical Site 

Investigations”. 

•    Panel Member, Standards New 

Zealand Committee, review and 

update of NZS4431, “Engineered 

Fill for Residential Developments”.

Tony will continue to steer the 

SESOC/NZGS piling specification 

project, and remain a panel member 

on the NZS4431 review and update 

project, until their completion in 

2022. He will continue to provide 

ongoing service to the wider 

engineering profession in roles such 

as Board Member on the Chartered 

Professional Engineers Council 

(CPEC).

The NZGS wishes to thank Tony 

for his exceptional service over the 

past eleven years and we wish him 

every success in all of his future 

endeavours.

SALLY DELLOW

Haere rā

My time on the NZ Geotechnical 

Society Committee has ended after a 

brief two years. Less than six months 

into my time on the committee and 

Covid-19 struck. This turned plans 

and meetings and travel on their 

head. Learning to navigate new ways 

of working was challenging, planned 

visits to our shores were cancelled 

, and in-person meetings became 

less frequent. A highlight of my time 

on the committee was the Workshop 

in Queenstown and Symposium in 

Dunedin. Events that did go ahead 

and were well supported by the 

Society’s members – so a big thank 

you to everyone who attended and 

made those events such a success.

Last year I was successful in 

pursuing an opportunity to step up 

into a senior leadership role at GNS 

Science. This has limited the time 

available to me to contribute to the 

work of the NZ Geotechnical Society 

Committee and do it well. So, I made 

the decision to step away from the 

committee. I would like to thank my 
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fellow committee members for their 

warm welcome and the pragmatic 

way the committee collectively 

dealt with the myriad of issues that 

arose in dealing with challenges we 

faced.  I wish the new committee all 

the best navigating a path through a 

changing world.

Sally Dellow

The NZGS wishes to thank Sally very 

much for her contribution over the 

last two years which have not been 

the easiest and good luck with your 

new role in GNS

SALLY HARGRAVES

Sally has just stepped down off the 

NZGS committee after initially being 

elected in early 2015.  Over that 

time she created the role of Awards 

Officer and then continued in that 

role until 2018 when Roly Orense 

took over.  She has continued to 

assist in judging the Student Posters 

since.  She also created the role of 

Local Rep Coordinator and has been 

the main point of liaison between 

our local reps and the Management 

Committee over that period. Whilst 

the Modules were gradually finalised, 

Sally acted as liaison with MBIE  

and Engineering NZ to help roll 

out the training associated with 

the Modules.  More recently, she 

took over the role of organising 

visiting speakers, just in time for 

visits to dry up due to Covid, so 

has instead organised a number of 

online presentations.  Sally helped to 

develop the Body of Knowledge and 

Skills for engineering geologists and 

started to help develop the Slope 

Stability Module, amongst other 

 day-to-day inputs that keep the 

society rolling.

 Sally will hand over her role as 

visiting speaker coordinator and 

local rep liaison when she steps 

down, but will continue in several 

representative roles and on various 

projects including the update of 

NZS 4431, the update of NZS 3604 

(specifically relating to foundations 

over liquefiable and expansive soils); 

development of subsoil guidance 

and development of a practice note 

regarding application of s72 of the 

Building Act.  As part of her work on 

NZS 3604, there will likely also need 

to be development of a practice note 

for investigation and assessment 

of expansive soils; as well as 

development of an Appendix to 

Module 4 with developed foundation 

options for various scenarios for use 

across the whole of NZ (based on 

the Canterbury Guidance).

 Of her time on the committee 

Sally said she was pleased to have 

been able to assist and support 

the committee in all the work that 

it does, with a special emphasis on 

making sure members out of the 

three main centres were able to get 

equal benefit of membership and 

career support.  She looks forward to 

being to continue working alongside 

the committee on various projects 

going forward.

The NZGS wishes to thank Sally 

Hargraves for her dedicated service 

over the last six years and we look 

forward to continue working with 

you over the years to come.

The current NZGS 
Committee members

Over the next issues of the magazine 

we will be gradually introducing all 

of the current committee members.

ELENI GKELI – CHAIR

Eleni Gkeli is a Senior Principal 

Engineering Geologist with over 

25 years of experience in the 

geotechnical profession. Eleni’s 

experience comes from her 

involvement in large infrastructure 

projects in Greece and in New 

Zealand in the transport, building 

and water sectors. Eleni’s 

specialisation is Rock Engineering 

and Tunnelling, but her interests 

and experience also include site 

characterisation, slope stability, 

geotechnical risk assessment, 

natural hazards, earthworks, 

urban commercial and residential 

development etc. She is currently 

working with Stantec, and is based 

in Wellington. Eleni has been 

an elected member of the New 

Zealand Geotechnical Society since 

early 2016 and has held a variety 

of positions and roles, including 

coordination of international and 

distinguished speakers, training 

courses and workshops and the 

Treasurer and vice-Chair role. She 

was also the convenor of the 2021 

Geotechnical Symposium in Dunedin. 

Eleni is currently the Chair of the 

New Zealand Geotechnical Society. 
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HELEN HENDRICKSON 
YOUNG GEOPROFESSIONALS 
REPRESENTATIVE

Hi I’m Helen! I am a Geotechnical 

Engineer working for WSP in 

Nelson. Currently I am seconded to 

the Marlborough Flood Recovery 

Team. My role on the NZGS is 

basically to make sure our young 

members get the most out of the 

opportunities available to them. This 

means co-ordinating events and 

activities, helping out with projects 

for YGP’s and co-ordinating with our 

International Societies. In my spare 

time I love going hiking, making my 

own beer and exploring new places.

ROLLY ORENSE 
COMMITTEE MEMBER

Rolly is an Associate Professor 

at the Department of Civil and 

Environmental Engineering, 

University of Auckland, and currently 

the Deputy Head of Department 

(Academic). Originally from the 

Philippines, he received his Doctor 

of Engineering degree from the 

University of Tokyo (Japan). Before 

coming to NZ in 2007, he served as 

Associate Professor at the University 

of Tokyo and Yamaguchi University 

and as Senior Engineer at Kiso-jiban 

Consultants and Chuo Kaihatsu 

Corporation, both Tokyo-based 

geotechnical consulting firms. He is 

a Chartered Member of Engineering 

New Zealand.

On his third (and last) term as a 

Management Committee member, he 

coordinates the various NZGS awards 

and the nominations of members for 

international awards. He also leads 

the planning and hosting of webinars 

for our members.  

RICHARD JUSTICE 
COMMITTEE MEMBER

I’m a Principal Engineering Geologist 

with ENGEO based in Christchurch. 

I graduated from the University of 

Canterbury in 1995. I was initially 

employed with Pells Sullivan 

Meynink, based in Sydney.  After 

six years, I moved to URS, also in 

Sydney before moving with a young 

family to Wellington to be with 

Tonkin + Taylor. In 2008 I made the 

move to KiwiRail, to experience life 

on the client side for a while.  

In 2012, I helped set up the 

Wellington office of Geoscience NZ 

(now ENGEO), which I have been 

with since apart from a four-and-

a-half-year stint working on the 

North Canterbury Transport and 

Infrastructure Recovery (NCTIR) 

project.  

My roles on the committee 

include acting as Coordinator for 

all the local NZGS branches, (taking 

over from Sally Hargreaves) and 

dusting off the Slope Stability 

Guidelines, which have been kicking 

around for a few years!  
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LETTER TO THE EDITOR

Letter to the Editor –  
Re: Cantilever Pole 
Retaining Walls,  
John Wood

I READ JOHN Wood’s excellent 

feature article on the above topic 

with interest and found that John 

has provided answers to many 

questions that, as a designer, I have 

been keen to see addressed and 

where possible resolved.

As a check on John’s 

recommended LFP for a single 

pole in cohesive soil, I compared 

his findings to those published by 

Pender and Rogers (2016) following 

their full scale load testing in residual 

Auckland clay soils (see copy of 

paper attached).

In addition to this information, 

I also attach a copy of my own 

calculations which, if correct, 

indicate that Pender and Rodgers 

Equation 5 seems to produce results 

much closer to the measured test 

values than John’s approach. On this 

basis, I would tend to agree with 

Pender and Rodgers comment in the 

last sentence of Section 4.2 of their 

paper (p. 183) that:

 “However, what is clear from 

Figure 14 is that the suggestion 

that the ultimate lateral pressure 

reaches 9su at a depth of three 

embedment diameters (Broms, 

1964) is not applicable to  

poles embedded in Auckland 

residual clay”. 

A similar comment might also be 

applicable to John’s work.

I would be pleased if John 

would review my comments above 

and provide any feedback that he 

considers appropriate. 

 

Regards

Peter Marchant, ME (Civil), 

 CPEng, CMEngNZ, IntPE 

Principal Geotechnical Engineer 

peter.marchant@tetratech.com

Tetra Tech Coffey (NZ) 

OBJECTIVE: 
John Wood NZGS Journal “NZ 
Geomechanics News” June 
2021 Issue 101 “Cantilever Pole 
Retaining Walls” section 5.9, last 
paragraph, p. 44 states that:
Z = 0.5B and Np = 11 gives good 

agreement with 50 tests presented 

by Chen & Kulhawy, 1994. 

Now compare John Wood’s 

recommendation with the findings  

of Pender and Rodgers 2016  

(P & R 2016) who carried out 11 field 

trials on single, concrete collared, 

timber poles embedded in Auckland 

residual clays.

For John Wood’s approach

f0 = Z = 0.5B = 0.5Ds

Np=11

Modifying Pender & Rodgers 2016 

Equation 1 and replacing f with f0 in 

the second bracketed term within 

the square root symbol, owing to an 

error in the published article, we get:

Hu Wood = 11SuDs     

         – (L + 2f + 0.5Ds)]

We can substitute appropriate values 

into the above expression and check 

them against the recorded field 

results presented as Table 2 of P & 

R 2016. I’ve only done this for Tests 

2, 6 and 13 which covers L/Ds ratios 

ranging from approximately 2 to 4. 

I also include calculated Hu values 

using P & R’s 2016, Equation 5 with 

f0 = 0 m and Np = 3.

FIGURE 1: Definition Sketch

Objec&ve: John Wood NZGS Journal “NZ Geomechanics News” June 2021 Issue 101 “Can&lever Pole 
Retaining Walls” sec&on 5.9, last paragraph, p. 44 states that: 

Z = 0.5B and Np = 11 gives good agreement with 50 tests reviewed by Zhang 2018.  

Now compare John Wood’s recommenda&on with the findings of Pender and Rodgers 2016 (P & R 2016) 
who carried out 11 field trials on single, concrete collared, &mber poles embedded in Auckland residual 
clays. 

  

Figure 1: Defini&on Sketch 

For John Wood’s approach 

f0 = Z = 0.5B = 0.5Ds 

Np=11 

Modifying Pender & Rodgers 2016 Equa&on 1 and replacing f with f0 in the second bracketed term within 
the square root symbol, owing to an error in the published ar&cle, we get: 

Hu Wood = 11SuDs [  – (L + 2f + 0.5Ds)] (L + 2f + 0.5Ds)2 + (L − 0.5Ds)2
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Average Pole Capacity for 3 Tests, χ•
   
  :                                           45.9                    48.0                     118.7

CONCLUSION: 
Compared to the measured results the P&R 2016 expression Equation 5 produces reasonably accurate information but 

Wood 2021 significantly overestimates the pole capacities.

CALCULATIONS:

A — PENDER AND RODGERS 2016, EQUATION 5

Hu P&R  = 3SuDs [

We can subs&tute appropriate values into the above expression and check them against the recorded 
field results presented as Table 2 of P & R 2016. I’ve only done this for Tests 2, 6 and 13 which covers L/
Ds ra&os ranging from approximately 2 to 4. I also include calculated Hu values using P & R’s 2016, 
Equa&on 5 with f0 = 0 m and Np = 3. 

Average Pole Capacity for 3 Tests,  :                                                     45.9                    48.0                 118.7 

Conclusion: Compared to the measured results the P&R 2016 expression Equa&on 5 produces 
reasonably accurate informa&on but Wood 2021 significantly overes&mates the pole capaci&es. 

Calcula&ons: 

A - Pender and Rodgers 2016, Equa&on 5 

Hu P&R = 3SuDs [  – (2f + L)] 

i) Test 2 

Hu P&R = 3 x 84.4 x 0.45 [ ] 

      = 113.94 x [2.1691 – 1.95] 

      = 113.94 x 0.2191 

      = 25.0 kN 

ii) Test 6 

Hu P&R = 3 x 89.8 x 0.45 [ ] 

Test No. L [m] f[m] Ds[m] L/Ds
Su av at test 
loca&on[kPa]

Hu measured 
[kN]

Calc'd Hu 
P&R 2016 

[kN]

Calc'd Hu 
Wood 
[kN]

2 0.95 0.5 0.45 2.11 84.4 21.1 25 49.2

6 1.96 0.8 0.45 4.36 89.8 65.4 61.1 168.3

13 1.34 0.6 0.45 2.98 129.5 51.2 58 138.7

x̄

L2 + (2f + L)2

0.952 + (2 x 0.5 +  0.95)2 − (2 x 0.5 + 0.95)

1.962 + (2 x 0.8 +  1.96)2 − (2 x 0.8 + 1.96)

– (2f + L)]

i) Test 2
Hu P&R  = 3 x 84.4 x 0.45 [

We can subs&tute appropriate values into the above expression and check them against the recorded 
field results presented as Table 2 of P & R 2016. I’ve only done this for Tests 2, 6 and 13 which covers L/
Ds ra&os ranging from approximately 2 to 4. I also include calculated Hu values using P & R’s 2016, 
Equa&on 5 with f0 = 0 m and Np = 3. 
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Conclusion: Compared to the measured results the P&R 2016 expression Equa&on 5 produces 
reasonably accurate informa&on but Wood 2021 significantly overes&mates the pole capaci&es. 
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A - Pender and Rodgers 2016, Equa&on 5 

Hu P&R = 3SuDs [  – (2f + L)] 
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Hu P&R = 3 x 84.4 x 0.45 [ ] 

      = 113.94 x [2.1691 – 1.95] 

      = 113.94 x 0.2191 

      = 25.0 kN 

ii) Test 6 

Hu P&R = 3 x 89.8 x 0.45 [ ] 

Test No. L [m] f[m] Ds[m] L/Ds
Su av at test 
loca&on[kPa]

Hu measured 
[kN]

Calc'd Hu 
P&R 2016 

[kN]

Calc'd Hu 
Wood 
[kN]

2 0.95 0.5 0.45 2.11 84.4 21.1 25 49.2

6 1.96 0.8 0.45 4.36 89.8 65.4 61.1 168.3

13 1.34 0.6 0.45 2.98 129.5 51.2 58 138.7
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1.962 + (2 x 0.8 +  1.96)2 − (2 x 0.8 + 1.96)

       = 113.94 x [2.1691 – 1.95]

       = 113.94 x 0.2191

       = 25.0 kN

ii) Test 6
Hu P&R  = 3 x 89.8 x 0.45 [

We can subs&tute appropriate values into the above expression and check them against the recorded 
field results presented as Table 2 of P & R 2016. I’ve only done this for Tests 2, 6 and 13 which covers L/
Ds ra&os ranging from approximately 2 to 4. I also include calculated Hu values using P & R’s 2016, 
Equa&on 5 with f0 = 0 m and Np = 3. 

Average Pole Capacity for 3 Tests,  :                                                     45.9                    48.0                 118.7 

Conclusion: Compared to the measured results the P&R 2016 expression Equa&on 5 produces 
reasonably accurate informa&on but Wood 2021 significantly overes&mates the pole capaci&es. 

Calcula&ons: 

A - Pender and Rodgers 2016, Equa&on 5 

Hu P&R = 3SuDs [  – (2f + L)] 

i) Test 2 

Hu P&R = 3 x 84.4 x 0.45 [ ] 

      = 113.94 x [2.1691 – 1.95] 

      = 113.94 x 0.2191 

      = 25.0 kN 

ii) Test 6 

Hu P&R = 3 x 89.8 x 0.45 [ ] 

Test No. L [m] f[m] Ds[m] L/Ds
Su av at test 
loca&on[kPa]

Hu measured 
[kN]

Calc'd Hu 
P&R 2016 

[kN]

Calc'd Hu 
Wood 
[kN]

2 0.95 0.5 0.45 2.11 84.4 21.1 25 49.2

6 1.96 0.8 0.45 4.36 89.8 65.4 61.1 168.3

13 1.34 0.6 0.45 2.98 129.5 51.2 58 138.7

x̄

L2 + (2f + L)2

0.952 + (2 x 0.5 +  0.95)2 − (2 x 0.5 + 0.95)

1.962 + (2 x 0.8 +  1.96)2 − (2 x 0.8 + 1.96)
       = 121.23 x [4.0639 – 3.56]

       = 61.1 kN

iii) Test 13
Hu P&R  = 3 x 129.5 x 0.45 [

      = 121.23 x [4.0639 – 3.56] 

      = 61.1 kN 

iii) Test 13 

  Hu P&R = 3 x 129.5 x 0.45 [ ] 

      = 174.825 x [2.8718 – 2.54] 

      = 58.0 kN 

B - Wood 2021 

Hu Wood = 11SuDs [  – (L + 2f + 0.5Ds)] 

i) Test 2 

  Hu = 11 x 84.4 x 0.45 [ ] 

      = 417.78 x [2.2927 – 2.175] 

      = 49.2 kN 

ii) Test 6 

  Hu = 11 x 89.8 x 0.45 [ ] 

      = 444.51 x [4.1637-3.7850] 

      = 168.3 kN 

iii) Test 13 

  Hu = 11 x 129.5 x 0.45 [ ] 

      = 641.025 x [2.9814 – 2.7650] 

      = 138.7 kN 

1.342 + (2 x 0.6 +  1.34)2 − (2 x 0.6 + 1.34)

(L + 2f + 0.5Ds)2 + (L − 0.5Ds)2

(0.95 + 2 x 0.5 + 0.225)2 + (0.95 −  0.225)2 − (0.95 + 2 x 0.5 + 0.225)

(1.96 + 2 x 0.8 + 0.225)2 + (1.96 −  0.225)2 − (1.96 + 2 x 0.8 + 0.225)

(1.34 + 2 x 0.6 + 0.225)2 + (1.34 −  0.225)2 − (1.34 + 2 x 0.6 + 0.225)

      

  = 174.825 x [2.8718 – 2.54]

       = 58.0 kN
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(0.95 + 2 x 0.5 + 0.225)2 + (0.95 −  0.225)2 − (0.95 + 2 x 0.5 + 0.225)

(1.96 + 2 x 0.8 + 0.225)2 + (1.96 −  0.225)2 − (1.96 + 2 x 0.8 + 0.225)

(1.34 + 2 x 0.6 + 0.225)2 + (1.34 −  0.225)2 − (1.34 + 2 x 0.6 + 0.225)

       = 444.51 x [4.1637-3.7850]

       = 168.3 kN

iii) Test 13
Hu  = 11 x 129.5 x 0.45 [
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iii) Test 13 
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B - Wood 2021 

Hu Wood = 11SuDs [  – (L + 2f + 0.5Ds)] 
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  Hu = 11 x 84.4 x 0.45 [ ] 
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      = 49.2 kN 

ii) Test 6 
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iii) Test 13 

  Hu = 11 x 129.5 x 0.45 [ ] 
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      = 138.7 kN 

1.342 + (2 x 0.6 +  1.34)2 − (2 x 0.6 + 1.34)

(L + 2f + 0.5Ds)2 + (L − 0.5Ds)2
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Test No. L [m] f[m] Ds[m] L/Ds
Su av at test 
location[kPa]

Hu measured 
[kN]

Calc’d Hu P&R 
2016 [kN]

Calc’d Hu Wood 
[kN]

2 0.95 0.5 0.45 2.11 84.4 21.1 25 49.2

6 1.96 0.8 0.45 4.36 89.8 65.4 61.1 168.3

13 1.34 0.6 0.45 2.98 129.5 51.2 58 138.7
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LETTER TO THE EDITOR

Response From  
John Wood to:
Letter to Editor of NZ 
Geomechanics News from  
Peter Marchant  
16 August 2021.

I THANK PETER Marchant for his 

helpful comments on my June 2021 

paper; Cantilever Pole Retaining 

Walls. I was not aware of the 2016 

paper by Pender and Rogers, which 

Peter refers to, when I wrote my 

June 2021 paper. The Pender and 

Rogers paper is relevant since it 

reports lateral load tests on rigid 

timber poles in an Auckland clay 

soil. The embedded lengths and 

diameters of the poles were similar 

to those that might be used in low 

height cantilever pole walls.

My recommendation for 

estimating the lateral load ultimate 

(hyperbolic) capacity using a 

bearing capacity factor, Np = 11 and 

a depth of zero resistance, zt = 0.5B 

(where B is the embedded diameter) 

was based on the analysis of the test 

results given in my Table 5 which 

is reproduced below with some 

additional load test information 

added. The four last entries in the 

revised table (21 field tests) were 

obtained from the information given 

in Georgiadis et al, 2013. This paper 

was not reviewed by me prior to 

publication of my paper. (The tests 

by Mayne, 2004 were not used in my 

2021 paper as the length to diameter 

ratio of the piles was approximately 

12 and it was not clear that the piles 

failed by rigid rotation.) 

The ratio of the calculated 

ultimate pile capacity using  

Np = 11 and zt = 0.5B to the reported 

test capacity (Hu/Qu; hyperbolic 

capacity) is shown in Figure 1 for 

all the tests listed in Table 5 above. 

The ratio is plotted against the 

eccentricity ratio (e/L, where e is the 

eccentricity and L the embedded 

pile length) as this is an important 

parameter that has a major influence 

on the capacity. (For cantilever 

pole walls designed for a clay soil 

foundation this ratio varies from 

about 0.1 to 0.4). The mean ratio 

of Hu /Qu for the tests reported in 

Wood, 2021 was 0.99; however, with 

the additional tests, excluding the 

Pender and Rogers tests, this ratio 

increases to 1.07.

My recommendation for 

calculating the hyperbolic 

capacity given in the 2021 paper 

overestimates the Pender and 

Rogers results by an average factor 

of about 2.5. There is no obvious 

reason for this large discrepancy. 

For design I recommended using a 

lateral load capacity based on yield 

of the soil at the pile toe which gives 

capacities about 25% lower than the 

ultimate hyperbolic capacity.

In view of the additional test 

Type of 
Test

No of 
Tests

Pile Length, m
Pile Diameter, 
m 

Soil Shear 
Strength, kPa

Tests Performed By

Tests Listed in Original Table (Wood, 2021)

Laboratory 46 0.267 to 1.050 0.051 to 0.175 1.62 to 7.06 Mayne et al, 1995

Field 3

6.1

4.57

4.57

0.91

0.91

0.76

44

45

44

Bierschwale et al, 1981

Field

1 10.95 1.83 55 Dunnavant & O’Neil,1985

1 4.40 0.95 14 Baguelin et al, 1973

1 5.20 0.67 98 Harris et al, 1985

1 0.31 0.10 75 Ivey et al, 1968

Tests Added to Original Table

Field

11 0.95 to 1.96 0.45 81 to 130 Pender & Rogers, 2016

4 11.0 0.914 25 to 30 Mayne, 2004

8 2.7 to 4.7 1.22 228 to 264 Bhushan et al, 1979

4 0.9 to 1.5 0.45 60 McDonald, 1999

3 2.6 to 4.8 0.78 81 to 153 Nusairat et al, 2004

6 1.8 to 4.3 0.31 to 0.92 28 to 36 Puppala et al, 2011

TABLE 5. Lateral Load Tests on Rigid Pile Tests in Clay Soil. From Wood, 2012 with Additions
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information and the relatively wide 

scatter in the Hu/Qu ratio I now 

recommend calculating the ultimate 

capacity for design applications 

using Np = 9 and zt = 0.2L. (Broms 

recommended Np = 9 and zt = 1.5B). 

For cantilever walls with relatively 

short embedment lengths of about 

1.5 to 3.5 m it is perhaps more logical 

to base the zero-resistance depth on 

the embedded length rather than the 

diameter. Using 0.2L gives typical 

wall foundation soil zero resistance 

depths of 300 to 600 mm. Figure 2 

shows the Hu/Qu ratio for the tests 

listed in Table 5 above using  

Np = 9 and zt = 0.2L. The average 

ratio for all tests excluding the 

Pender and Rogers tests is 0.84. 

Even with these revised parameters 

Figure 2 shows that the Pender and 

Rogers test results are overestimated 

by an average factor of about 1.9.

I still recommend that the toe 

yield capacity be used in design 

rather that the hyperbolic ultimate 

capacity. Equation 45 in my 2021 

paper allows this capacity to be 

calculated using the modified 

parameters or any other value 

of these parameters. (Likewise, 

Equation 40 enables the ultimate 

hyperbolic capacity to be calculated 

for any value of Np and zt.)

Georgiadis et al, 2013 present 

an analytical method of calculating 

the ultimate lateral capacity of rigid 

piles in a cohesive soil that was not 

considered in my 2021 paper. Based 

on the results of 3D finite element 

analyses and pile load test results 

they proposed the following Np 

versus z/B relationship that takes 

into account the soil adhesion to  

the pile:

hyperbolic capacity is based on modificaEon of the Wood, 2021 
parameters with Np = 9 and zt = 0.2L.   

I sEll recommend that the toe yield capacity be used in design rather that the hyperbolic ulEmate 
capacity.  EquaEon 45 in my 2021 paper allows this capacity to be calculated using the modified 
parameters or any other value of these parameters.  (Likewise, EquaEon 40 enables the ulEmate 
hyperbolic capacity to be calculated for any value of Np and zt.) 

Georgiadis et al, 2013 present an analyEcal method of calculaEng the ulEmate lateral capacity of rigid 
piles in a cohesive soil that was not considered in my 2021 paper.  Based on the results of 3D finite 
element analyses and pile load test results that proposed the following Np versus z/B relaEonship that 
takes into account the soil adhesion to the pile: 

    Georgiadis & Georgiadis Eq. 2 

Where λ = 0.55 − 0.15α ; α is the pile-soil adhesion factor that ranges from 0 for a smooth pile to 
1.0 for a rough pile.  Npo = 2 + 1.5α, is the bearing capacity factor at the ground surface and Npu the 
ulEmate lateral bearing factor for deep failure (see EquaEon 39 in Wood, 2021). 

Figure 3 from Georgiadis et al compares their Np versus z/B relaEonship with a number of others that 
have been obtained experimentally, analyEcally, or numerically.  There is a wide scaWer in the 
relaEonships part of which was aWributed to the significant dependence of the lateral soil reacEon on 
the pile-soil adhesion.  The Georgiadis et al relaEonship and some of the others indicate that Np does not 
reach the ulEmate value unEl a depth of six diameters or greater.  For the relaEvely short pile 
embedment depths used in canElever pole walls this indicates that variaEon in Np might occur over the 
full embedment depth. 

 

Figure 3. VariaEon of lateral bearing capacity factor with depth. 
From Georgiadis et al, 2013. 

Figure 4 illustrates the lateral earth pressure assumpEon used by Georgiadis et al, 2013 to develop 
analyEcal equaEons for the ulEmate hyperbolic lateral pile capacity.  Their closed from equaEons are 

Np  = Npu  − (Npu − Npo)e−λ(z /B)

  3

z/
B

-16

-12

-8

-4

0

Np
0 4 7 11 14

Georgiadis: a = 0
Georgiadis: a = 1
Broms
Broms Simplified
Hansen
Stevens & Audibert
Stevens & Audibert
Murff & Hamilton: a = 1
Matlock ( J = 0.25)
Reese & Welch (J = 0.5)
Reese et al
Reese et al
Jeanjean

           Georgiadis et al: α = 0 
           Georgiadis et al: α = 1

α

Georgiadis & Georgiadis Eq. 2

Where λ= 0.55 - 0.15α ; α is the pile-

soil adhesion factor that ranges from 

0 for a smooth pile to 1.0 for a rough 

pile. Npo = 2 + 1.5α, is the bearing 

capacity factor at the ground surface 

and Npu the ultimate lateral bearing 

factor for deep failure (see Equation 

39 in Wood, 2021).
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Figure 1.  Comparison of the ratio of calculated to test ultimate capacities for 
the tests listed in Table 5 above.   

discrepancy. For design I recommended using a lateral load  capacity based on yield of the soil at the pile 
toe which gives capacities about 25% lower than the ultimate hyperbolic capacity. 

In view of the additional test information and the relatively wide scatter in the Hu/Qu ratio I now 
recommend calculating the ultimate capacity for design applications using Np = 9 and zt = 0.2L.  (Broms 
recommended Np = 9 and zt = 1.5B). For cantilever walls with relatively short embedment lengths of about 
1.5 to 3.5 m it is perhaps more logical to base the zero-resistance depth on the embedded length rather 
than the diameter.  Using 0.2L gives typical wall foundation soil zero resistance depths of 300 to 600 mm.  
Figure 2 shows the Hu/Qu ratio for the tests listed in Table 5 above using Np = 9 and zt = 0.2L.  The average 
ratio for all tests excluding the Pender and Rogers tests is 0.84. Even with these revised parameters Figure 
2 shows that the Pender and Rogers test results are overestimated by an average factor of about 1.9. 
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the tests listed in Table 5 above.  The calculated ultimate 
hyperbolic capacity is based on modification of the Wood, 2021 
parameters with Np = 9 and zt = 0.2L.   
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FIGURE 1. Comparison of the ratio of calculated to test ultimate capacities for the 
tests listed in Table 5 above. 

FIGURE 2. Comparison of the ratio of calculated to test ultimate capacities for the 
tests listed in Table 5 above. The calculated ultimate hyperbolic capacity is based on 
modification of the Wood, 2021 parameters with Np = 9 and zt = 0.2L. 

Figure 3 from Georgiadis et al 

compares their Np versus z/B 

relationship with a number of 

others that have been obtained 

experimentally, analytically, or 

numerically. There is a wide scatter 

in the relationships part of which 

was attributed to the significant 

dependence of the lateral soil 

reaction on the pile-soil adhesion. 

The Georgiadis et al relationship 

and some of the others indicate 

that Np does not reach the ultimate 

value until a depth of six diameters 

or greater. For the relatively short 

pile embedment depths used in 

cantilever pole walls this indicates 

that variation in Np might occur over 

the full embedment depth.

Figure 4 illustrates the lateral 

earth pressure assumption used by 

Georgiadis et al, 2013 to develop 

analytical equations for the ultimate 

hyperbolic lateral pile capacity. Their 

closed from equations are quite 

complex and require iteration to 

evaluate. Because of the variation 

of Np with depth the capacity 
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equations are a function of the B/L 

ratio as well as the e/L ratio.

Because of the wide discrepancies 

noted above between the Pender 

and Rogers test results and the other 

tests the Georgiadis et al analytical 

method was used to calculate the 

ultimate capacities of the piles used 

in the Pender and Rogers tests. 

Figure 5 shows the Hu /Qu ratios 

which average approximately 1.6.  

The Georgiadis et al method was 

applied assuming α = 0 (smooth 

pile). A more realistic value is 

This also gave good agreement 

between the calculated and test 

capacities with an average capacity 

ratio of 1.0.

Figure 6 shows the Np versus 

depth function used to calculate 

the capacity ratios plotted in Figure 

5 for four of the 12 tests which 

had typical L values. There are 

significant differences between the 

function proposed by Georgiadis 

et al and the linear function 

investigated in Pender and Rogers. 

These differences account for the 

large difference in the capacity 

ratios obtained from the two 

methods. Both have an Np of 2 at 

the surface but as shown in Figure 

3 the Georgiadis et al Np at the 

surface increases to 3.5 for α = 1.0 

(rough pile).

A comparison between the 

ultimate capacity (hyperbolic) 

calculated using Georgiadis et al 

and Equation 40 in Wood, 2021 

with zt equal to both 0 and 0.2L 

(Np uniform with depth over the 

remaining embeddment) is shown in 

Figure 7. Georgiadis et al capacities 

for L/B values of 6 and 4 are shown 

in the figure to cover the range of 

typical values used in cantilever 

pole walls. An adhesion factor of 

0.5 (intermediate roughness) was 

used to calculate the Georgiadis et 

al capacities. For the purpose of the 

comparison the force per unit length, 

Pu in the dimensionless capacity 

parameter for Georgiadis et al was 

taken as Pu = su B Np where Np = 9. 

So, to convert these dimensionless 

capacities in force units a Np of 9 

needs to be used (although any 

appropriate Np can be used when 

the Np value is uniform with depth.)

The ultimate capacity curves in 

Figure 7 show reasonably good 

agreement between the capacities 

calculated by the Georgiadis et al 

analysis method for L/B ratios of 4 

to 6 and assuming a zt of 0.2L and a 

Np of 9 uniform over the remaining 

depth of the pile. 

There does not appear to be any 

obvious explanation for the low 

test results obtained by Pender and 

Rogers. Until further investigation of 

the clay soil that was used in their 

tests is carried out including their 

3 
 

I still recommend that the toe yield capacity be used in design rather that the hyperbolic ultimate capacity.  
Equation 45 in my 2021 paper allows this capacity to be calculated using the modified parameters or any 
other value of these parameters.  (Likewise, Equation 40 enables the ultimate hyperbolic capacity to be 
calculated for any value of Np and zt.) 

Georgiadis et al, 2013 present an analytical method of calculating the ultimate lateral capacity of rigid 
piles in a cohesive soil that was not considered in my 2021 paper.  Based on the results of 3D finite element 
analyses and pile load test results that proposed the following Np versus z/B relationship that takes into 
account the soil adhesion to the pile: 

𝑁𝑁𝑝𝑝 = 𝑁𝑁𝑝𝑝𝑝𝑝 − (𝑁𝑁𝑝𝑝𝑝𝑝 − 𝑁𝑁𝑝𝑝𝑝𝑝)𝑒𝑒−𝜆𝜆(𝑧𝑧/𝐵𝐵)   Georgiadis & Georgiadis Eq. 2 

Where  =  −    is the pile-soil adhesion factor that ranges from 0 for a smooth pile to 
1.0 for a rough pile.  Npo = 2 + 1.5 is the bearing capacity factor at the ground surface and Npu the 
ultimate lateral bearing factor for deep failure (see Equation 39 in Wood, 2021). 

Figure 3 from Georgiadis et al compares their Np versus z/B relationship with a number of others that have 
been obtained experimentally, analytically, or numerically.  There is a wide scatter in the relationships 
part of which was attributed to the significant dependence of the lateral soil reaction on the pile-soil 
adhesion.  The Georgiadis et al relationship and some of the others indicate that Np does not reach the 
ultimate value until a depth of six diameters or greater.  For the relatively short pile embedment depths 
used in cantilever pole walls this indicates that variation in Np might occur over the full embedment depth. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Variation of lateral bearing capacity factor with depth. 
From Georgiadis et al, 2013. 

Figure 4 illustrates the lateral earth pressure assumption used by Georgiadis et al, 2013 to develop 
analytical equations for the ultimate hyperbolic lateral pile capacity.  Their closed from equations are 
quite complex and require iteration to evaluate.  Because of the variation of Np with depth the capacity 
equations are a function of the B/L ratio as well as the e/L ratio. 
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quite complex and require iteraEon to evaluate.  Because of the variaEon of Np with depth the capacity 
equaEons are a funcEon of the B/L raEo as well as the e/L raEo. 

 

Figure 4.  Lateral earth pressures on rigid pile at ulEmate 
capacity.  From Georgiadis et al, 2013. 

Because of the wide discrepancies noted above between the Pender and Rogers test results and the 
other tests the Georgiadis et al analyEcal method was used to calculate the ulEmate capaciEes of the 
piles used in the Pender and Rogers tests.  Figure 5 shows the Hu/Qu raEos which average approximately 
1.6.  The Georgiadis et al method was applied assuming α  = 0 (smooth pile).  A more realisEc value is 
probably 0.5 and this would increase the calculated values by approximately 20%. 

 

Figure 5.  RaEos of calculated divided by test capaciEes using 
both Georgiadis et al and a linear  variaEon of Np 
with depth used by Pender and Rogers. 

Also ploWed in Figure 5 is the ulEmate capacity raEo calculated assuming Np varies linearly from 2 at the 
surface to 9 at a depth of 9B.  This lateral bearing capacity funcEon gives an average raEo of calculated 
divided by test ulEmate capacity of 1.0 and was used in Pender and Rogers who also invesEgated using a 
Np of 3 uniform over the depth of the pile (EquaEon 5 in their paper).  This also gave good agreement 
between the calculated and test capaciEes with an average capacity raEo of 1.0. 

Figure 6 shows the Np versus depth funcEon used to calculate the capacity raEos ploWed in Figure 5 for 
four of the 12 tests which had typical L values.  There are significant differences between the funcEon 
proposed by Georgiadis et al and the linear funcEon invesEgated in Pender and Rogers.   These 
differences account for the large difference in the capacity raEos obtained from the two methods.  Both 
have an Np of 2 at the surface but as shown in Figure 3 the Georgiadis et al Np at the surface increases to 
3.5 for α = 1.0 (rough pile). 
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FIGURE 4. Lateral earth pressures on rigid pile at ultimate capacity.  
From Georgiadis et al, 2013.

probably 0.5 and this would 

increase the calculated values by 

approximately 20%.

Also plotted in Figure 5 is the 

ultimate capacity ratio calculated 

assuming Np varies linearly from 2 

at the surface to 9 at a depth of 9B. 

This lateral bearing capacity function 

gives an average ratio of calculated 

divided by test ultimate capacity 

of 1.0 and was used in Pender and 

Rogers who also investigated using 

a Np of 3 uniform over the depth of 

the pile (Equation 5 in their paper). 
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FIGURE 5. Ratios of calculated divided by test 
capacities using both Georgiadis et al and a linear 
variation of Np with depth used by Pender and Rogers.
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Figure 4.  Lateral earth pressures on rigid pile at ultimate 
capacity.  From Georgiadis et al, 2013. 

Because of the wide discrepancies noted above between the Pender and Rogers test results and the other 
tests the Georgiadis et al analytical method was used to calculate the ultimate capacities of the piles used 
in the Pender and Rogers tests.  Figure 5 shows the Hu/Qu ratios which average approximately 1.6.  The 
Georgiadis et al method was applied assuming  = 0 (smooth pile).  A more realistic value is probably 0.5 
and this would increase the calculated values by approximately 20%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  Ratios of calculated divided by test capacities using 
both Georgiadis et al and a linear  variation of Np 
with depth used by Pender and Rogers. 

Also plotted in Figure 5 is the ultimate capacity ratio calculated assuming Np varies linearly from 2 at the 
surface to 9 at a depth of 9B.  This lateral bearing capacity function gives an average ratio of calculated 
divided by test ultimate capacity of 1.0 and was used in Pender and Rogers who also investigated using a 
Np of 3 uniform over the depth of the pile (Equation 5 in their paper).  This also gave good agreement 
between the calculated and test capacities with an average capacity ratio of 1.0. 

Figure 6 shows the Np versus depth function used to calculate the capacity ratios plotted in Figure 5 for 
four of the 12 tests which had typical L values.  There are significant differences between the function 
proposed by Georgiadis et al and the linear function investigated in Pender and Rogers.   These differences 
account for the large difference in the capacity ratios obtained from the two methods.  Both have an Np 
of 2 at the surface but as shown in Figure 3 the Georgiadis et al Np at the surface increases to 3.5 for  = 
1.0 (rough pile). 
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Figure 6.  Bearing capacity functions using both Georgiadis et al 
(full lines) and the linear variation investigated by 
Pender and Rogers (dashed lines). 

A comparison between the ultimate capacity (hyperbolic) calculated using Georgiadis et al and Equation 
40 in Wood, 2021 with zt equal to both 0 and 0.2L (Np uniform with depth over the remaining 
embeddment) is shown in Figure 7.  Georgiadis et al capacities for L/B values of 6 and 4 are shown in the 
figure to cover the range of typical values used in cantilever pole walls.  An adhesion factor of 0.5 
(intermediate roughness) was used to calculate the Georgiadis et al capacities. For the purpose of the 
comparison the force per unit length, Pu in the dimensionless capacity parameter for Georgiadis et al was 
taken as Pu = su B Np where Np = 9.  So, to convert these dimensionless capacities in force units a Np of 9 
needs to be used (although any appropriate Np can be used when the Np value is uniform with depth.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Ultimate capacities from Georgiadis et al and 
Equation 40 in Wood, 2021. 

The ultimate capacity curves in Figure 7 show reasonably good agreement between the capacities 
calculated by the Georgiadis et al analysis method for L/B ratios of 4 to 6 and assuming a zt of 0.2L and a 
Np of 9 uniform  over the remaining depth of the pile.  
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Figure 6.  Bearing capacity functions using both Georgiadis et al 
(full lines) and the linear variation investigated by 
Pender and Rogers (dashed lines). 

A comparison between the ultimate capacity (hyperbolic) calculated using Georgiadis et al and Equation 
40 in Wood, 2021 with zt equal to both 0 and 0.2L (Np uniform with depth over the remaining 
embeddment) is shown in Figure 7.  Georgiadis et al capacities for L/B values of 6 and 4 are shown in the 
figure to cover the range of typical values used in cantilever pole walls.  An adhesion factor of 0.5 
(intermediate roughness) was used to calculate the Georgiadis et al capacities. For the purpose of the 
comparison the force per unit length, Pu in the dimensionless capacity parameter for Georgiadis et al was 
taken as Pu = su B Np where Np = 9.  So, to convert these dimensionless capacities in force units a Np of 9 
needs to be used (although any appropriate Np can be used when the Np value is uniform with depth.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Ultimate capacities from Georgiadis et al and 
Equation 40 in Wood, 2021. 

The ultimate capacity curves in Figure 7 show reasonably good agreement between the capacities 
calculated by the Georgiadis et al analysis method for L/B ratios of 4 to 6 and assuming a zt of 0.2L and a 
Np of 9 uniform  over the remaining depth of the pile.  
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FIGURE 6. Bearing capacity functions using both 
Georgiadis et al (full lines) and the linear variation 
investigated by Pender and Rogers (dashed lines).

measurement of su , I recommend 

that the design of pole walls in clay 

soil be based on toe yield capacities 

with a zt of 0.2L and a Np of 9 unform 

with depth. Equation 45 in my paper 

can be used to estimate this capacity. 

If appropriate strength reduction 

factors are used this should result in 

a satisfactory wall design in most clay 

foundation soils.
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IN BRIEF

NEWS
ALPINE FAULT QUAKE 
MORE LIKELY THAN 
PREVIOUSLY THOUGHT
NEW RESEARCH SHOWS the chances of the 

Alpine Fault in the South Island producing a 

damaging earthquake in the next 50 years 

are higher than previously thought.

The study, led by Jamie Howarth of 

Victoria University of Wellington with 

support from earthquake geologists at 

GNS Science, puts the probability of an 

earthquake on the central section of the 

fault at 75 percent in the next 50 years. This 

compares to 29 percent based on previous 

Alpine Fault studies.

Study co-author Rob Langridge from GNS 

Science says this research does not change 

the likely impacts and consequences of a 

quake on the Alpine Fault, including the likely 

scale and extent of damage.
From: GNS website: https://www.gns.cri.nz/Home/News-

and-Events/Media-Releases-and-News/Media-briefing-

New-Alpine-Fault-research-20-04-2021

NEW ZEALAND’S CLIMATE is changing. The 

Australasian region continues to show long-

term trends toward higher surface air and 

sea surface temperatures, more hot extremes 

and fewer cold extremes, and changed rainfall 

patterns. Warming is projected to continue 

through the 21st century along with other 

changes in climate. In New Zealand, warming is 

expected to be associated with:

•  rising snow lines,

•  more frequent hot extremes

•  less frequent cold extremes

•   increasing extreme rainfall related to flood 

risk in many locations

Annual average rainfall is expected to 

decrease in the northeast South Island and 

northern and eastern North Island, and to 

increase in other parts of New Zealand.

Drought frequency could double or triple in 

eastern and northern New Zealand by 2040.

Fire weather is projected to increase in 

many parts of New Zealand.

Regional sea level rise will very likely 

exceed the historical rate.
Source: Royal Society website

REMINDER: KEY ASPECTS 
OF CLIMATE CHANGE FOR 
NEW ZEALAND
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PHOTO COMPETITION

2021 NZGS PHOTO 
COMPETITION WINNERS

1ST PLACE 

Ohau Point Rockfall Canopy  
NCTIR Rockfall Canopy Team

IST 
PLACE

THIS TIME WE had more entries than 

we have had in a long time so thank 

you to everyone who sent photos 

through, you made the judging quite 

tricky — we could not agree and so 

expanded the size of the judging 

panel to not end up with multiple 

tied placings!  

The winners of the 2021 Photo 

Competition are: 
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3RD 
PLACE
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PHOTO COMPETITION

2ND PLACE  Field Camp, Antarctica   
Tiarnan Colgan, AECOM 

3RD PLACE  Smeeds volcano blast intermixed with 
Puketoka Formation beneath the new 
water treatment plant at Tuakau   
Jacqui Coleman, Beca 

4TH PLACE  Early morning test pit done in the 
place in New Zealand where the  
sun rises first   
Andre Shine, CMW Geosciences 

JOINT 5TH  Construction monitoring  
PLACE  in Auckland  
  Annaliese Boot, AECOM 

  Dyke in Antarctica  
  Tiarnan Colgan, AECOM

4TH 
PLACE

5TH = 
PLACE

5TH = 
PLACE



COMPANY PROFILE

Message from the Local 
Organising Committee of 

ICSMGE 2022

The Local Organising Committee (LOC) for the 20th 
International Conference on Soil Mechanics and 
Geotechnical Engineering (ICSMGE 2022), the 

Technical Committee for the Conference and the host 
society, Australian Geomechanics Society (AGS), are 
delighted to welcome you to ICSMGE 2022, to be 
held in Sydney, Australia, from May 1 to 5, 2022.

Conference Mode
Our Conference was rescheduled from September 
2021 to May 2022 because of the Covid19 
pandemic. This decision was taken after discussion and 
with the approval of the ISSMGE Board. We would 
like to thank the Board Members for their wisdom and 
understanding in these difficult circumstances. It is also 
important to recognise that the conference will now be 
held in “hybrid mode”. That means technical sessions 
and other conference activities will still be delivered 
on-site in Sydney on the scheduled dates. However, we 
will also deliver most sessions on-line. Conference  
 delegates will now be able to register to attend either  
                 in-person on-site, or else remotely via the  
                               conference web site.

This is the premier conference of our profession, 
held once every 4 years since its inception in 1936.  
We hope to welcome as many of you as possible 
to Sydney. If you can make it, you will be able to 
participate in the on-line sessions alongside your 
colleagues and you will have the usual networking 
opportunities. There will also be additional sessions, site 
visits, exhibitions and social functions dedicated to the 
in-person registrants. Some of these will be designed to 
provide content which is more specific to the Australian 
and New Zealand audience.
If you can’t make it to Sydney, reduced registration fees 
will apply for the online delivery mode. These are still 

www.icsmge2022.org

ICSMGE 2022 A4 flyer 11-21.indd   1 16/11/21   5:21 pm



ICSMGE 2022 Exclusive Sponsorship Opportunities Available
Sponsorship and Exhibition opportunities are now available for ICSMGE 2022. The Conference will provide an 
excellent opportunity to promote your company, to network with international experts, share your latest research and 
technologies, hear about the latest developments from opinion leaders in the field and build collaborations. 

All Sponsors will be widely acknowledged leading up to and during the Conference. We will ensure your company will 
benefit significantly from exposure to an interested, relevant and influential audience in a vibrant and interactive environment.

Contact Emma Bowyer, the ICSMGE 2022 Sponsorship & Exhibition Manager at sponsorship@icsmge2022.org 

Platinum Silver Name Badge and Lanyard

Barista Zone

Exhibitors

being calculated, but they will be set at 75% of those 
that would otherwise apply for in-person attendance. 
In addition, all sessions will be recorded, so that 
registered delegates can choose to view or attend 
sessions as they are first presented, or else download 
and view them at their leisure, at a time that suits each 
individual. You will be able to upgrade your registration 
for in-person attendance so don’t worry if circumstances 
change. 

Theme
The theme of ICSMGE 2022 is “A Geotechnical 
Discovery Down Under – Geotechnical Diversity 
Awaits You”. Discover Australia and discover the 
innovation that lies where practical problems meet 
leading theoretical developments. ICSMGE 2022 will 
focus on the application of theory and the discovery 
that comes when world-class minds are focussed on 
the geotechnical problems facing our world. Our 
Conference program and technical sessions reflect this 
emphasis on applications, and are designed to trigger 

collaboration, innovation and discovery from a diverse 
group of participants.

Salutation
ICSMGE 2022, Sydney, is an opportunity for 
delegates to make that once in a lifetime trip Down 
Under and discover why there’s nothing and nowhere 
quite like Australia. We hope as many as possible will 
do so. But if not, your virtual attendance will be most 
welcome.
We look forward to welcoming you, one and all, to 
our beautiful and safe city of Sydney in May 2022, 
either in-person or on-line.

Key Dates
Registrations Open NOW OPEN

Early Bird Registration Closes 1 March 2022

ICSMGE Sydney 2022 1-5 May 2022

Scan the QR code 
to register now

ICSMGE 2022 A4 flyer 11-21.indd   2 16/11/21   5:21 pm
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Kaikōura Rockfall Canopy
North Canterbury Transport Infrastructure Recovery (NCTIR) 
State Highway 1, Peketā

Stu Mason (Geobrugg), Tom Revell (NCTIR/Aurecon), Damien Aspros (Rock Control), 
Stuart Finlan (Waka Kotahi) William Marshall (NCTIR/ENGEO) and  
Richard Justice (NCTIR/ENGEO)

KEY WORDS: ROCKFALL, CANOPY, 
CONSTRUCTION, NCTIR, KAIKŌURA

ABSTRACT
The Rockfall Canopy (SCC-500) installed above State 

Highway 1 (SH1), south of Kaikōura extends for 104m 

in length and is the first of its kind in the Southern 

Hemisphere. The site is located 2 km south of Peketā 

on a corner of SH1 with a near vertical cliff that extends 

up 90 m above the road. Multiple rockfalls occurred at 

this location and it became clear to Waka Kotahi (NZTA) 

that something needed to be done to keep the travelling 

public safe. As part of the North Canterbury Transport 

Infrastructure Recovery (NCTIR) project, the SCC-500 

canopy system was developed and selected due to 

its ability to self-clean and withstand multiple rockfall 

impacts up to 500kJ before requiring maintenance. The 

specific system has 13 posts ranging from 10 to 15m in 

length, anchored 6m above the road . The system was 

installed using a carefully choreographed combination 

of roped access personnel, helicopters, cranes, hiab’s 

and scissor lifts. The canopy project was the final and 

most complex of the NCTIR rockfall protection solutions.

1. BACKGROUND
During the November 2016 Kaikōura Earthquake, the 

North Canterbury region experienced significant ground 

shaking and numerous slope failures. The transport 

corridor north and south of Kaikōura suffered extensive 

damage and was inundated by numerous rockfalls and 

more than 750,000m2 of debris from 85 landslides. The 

NCTIR Alliance was tasked with reinstating this damaged 

coastal corridor and re-connecting the communities of 

the South Island. The NCTIR Alliance was made up of 

two owners, New Zealand Transport Agency (NZTA) and 

KiwiRail, and four non-owners, namely Downer, Fulton 

Hogan, Heb and Higgins. The NCTIR Alliance was also 

supported by a design sub-alliance of Aurecon, Tonkin & 

Taylor and WSP.

The subject site is approximately 2 km south of Peketā 

on SH1, at the first prominent sea-cliff corner (Figure 1). 

The site comprises a 90 m high near vertical Greywacke 

cliff. The highway is located at the base of the cliff 

roughly 10 m above sea level supported on a seawall. The 

road is narrowly confined between the cliff and the sea.  

Stu Mason
Geobrugg

Stuart Finlan
Waka Kotahi

William Marshall
NCTIR/ENGEO

Richard Justice
NCTIR/ENGEO

Tom Revell
NCTIR/Aurecon

Damien Aspros
Rock Control
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The site suffered minor rockfall as a result of the main 

earthquake event but remained relatively active during 

and following rainfall events throughout the NCTIR 

project. It was anticipated that the amount of rockfall 

would reduce with time, however the opposite occurred 

at this site, with incidents of rockfall increasing. The 

continued rockfalls posed an unacceptable risk to the 

travelling public and a solution was required to mitigate 

this risk.

A number of options to mitigate the risk were 

explored in conjunction with NZTA. The option of a self-

cleaning rockfall canopy was ultimately considered the 

best option for the scenario and subsequently adopted 

for design and construction.  

2. DESIGNING A ROCKFALL CANOPY
The rockfall mitigation system required for this site 

needed to protect the road without encroaching onto its 

narrow footprint, equally it was required to be quickly 

and efficiently installed with minimal future maintenance.

Unlike a traditional rockfall barrier, rockfall canopies 

are manufactured specifically for each unique site and 

the design is developed based on a full-scale 1:1 tested 

system. The first step of the project was to understand 

the hazard and then to assess the site to determine the 

canopy layout.

2.1  UNDERSTANDING THE HAZARD
Using over three years of rockfall data collected during 

FIGURE 1: Sea-cliff site, prior to construction

FIGURE 2: Photo of rock trajectory from scaling
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low maintenance. The canopy system is only suited to 

steep rock faces and is an alternate to concrete galleries 

or tunnels.

Currently, the only full-scale tested rockfall canopy 

available is the Geobrugg SCC-500. This canopy is 

tested to a self-cleaning energy level of 500KJ and a 

maximum energy level of 1000kJ. The SCC-500 design 

was developed with 1:1 field testing in conjunction with 

the WSL (Swiss Federal Institute for Forest, Snow and 

Landscape Research). Although a canopy cannot be 

EAD 340059-00-0106 certified (formerly ETAG 027) 

the SCC-500 testing was still carried out in accordance 

with the guideline. The testing outputs were then used to 

calibrate Geobrugg’s finite element simulation software, 

FARO, which is then used to simulate future structures 

(Figure 4). 

the NCTIR project (Figure 2), the design team were 

able to develop a working geological model and hazard 

profile for this section of State Highway 1.  

Detailed rockfall modelling was undertaken to quantify 

the rockfall hazard and determine design inputs. To start, 

the rockfall modelling software RAMMS, was used to 

conduct 3D rockfall trajectories analysis of the whole 

site to determine any preferential rockfall paths (Figure 

3). This was then followed by a series of detailed 2D 

rockfall sections using Rocscience RocFall. The rockfall 

modelling allowed the team to determine suitable 

mitigation solutions and confirm that a rockfall canopy 

(such as the SCC-500) was a suitable option. The design 

philosophy of a self-cleaning canopy (SCC) is to use the 

falling rock’s kinetic energy and the structure’s elasticity 

to redirect rocks into a safe zone. The system is thereby 

 

 

 

Figure 2: Photo of rock trajectory from scaling 

Detailed rockfall modelling was undertaken to quantify the rockfall hazard and determine design 

inputs. To start, the rockfall modelling software RAMMS, was used to conduct 3D rockfall 

trajectories analysis of the whole site to determine any preferential rockfall paths (Figure 3). This 

was then followed by a series of detailed 2D rockfall sections using Rocscience RocFall. The rockfall 

modelling allowed the team to determine suitable mitigation solutions and confirm that a rockfall 

canopy (such as the SCC-500) was a suitable option. The design philosophy of a self-cleaning canopy 

(SCC) is to use the rockfalls kinetic energy and the structures elastic ability to redirect rocks into a 

safe zone. The system is thereby low maintenance. The canopy system is only suited to steep rock 

faces and is an alternate to concrete galleries or tunnels. 

 

Figure 3: RAMMS and RocFall Simulations. 

Currently, the only full-scale tested rockfall canopy available is the Geobrugg SCC-500. This canopy is 

tested to a self-cleaning energy level of 500KJ and a maximum energy level of 1000kJ. The SCC-500 

 

 

design was developed with 1:1 field testing in conjunction with the WSL (Swiss Federal Institute for 

Forest, Snow and Landscape Research). Although a canopy cannot be EAD 340059-00-0106 certified 

(formerly ETAG 027) the SCC-500 testing was still carried out in accordance with the guideline. The 

testing outputs were then used to calibrate Geobrugg’s finite element simulation software, FARO, 

which is then used to simulate future structures (Figure 4).  

   

Figure 4: Geobrugg Canopy Testing (EOTA 500kJ block) and FARO simulation. 

2.2 Designing the Concept 
A number of alternative mitigation measures were considered during design development, including 

a concrete rockfall shelter and various extents of active mesh. However, with the design focus on 

minimal disruption to the community, a cost-effective solution, and minimal impact on the coastal 

environment it became clear a rockfall canopy was the best option. 

The canopy size is broadly determined by three key factors: 

 The slope geometry, the steeper the slope, the shorter the canopy net will be.  

 The width that the canopy needs to span (i.e. the width of the road or rail) 

 The allowable deflection of the canopy net, this is determined by the clearance height 

required above the road (or other infrastructure).  

An initial 3D design model of the canopy was created (Figure 5) to determine the above metrics and 

confirm the structures suitability. This was followed by a calibrated FARO simulation from the SCC-

500 testing to confirm anchor forces, post buckling resistance requirements and confirm the seismic, 

snow and wind loads could be structurally satisfied.  

The canopy’s main components consist of: 

FIGURE 3: RAMMS and RocFall Simulations.

FIGURE 4: Geobrugg Canopy Testing (EOTA 500kJ block) and FARO simulation.
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Using a digital design approach the canopy was 

optimised for the site resulting in a length of 104 m made 

up of 13 spans of 8 m widths. The post length ranged 

from 10 to 15 m with a canopy net length between 12 to 

26 m at 35 degrees upslope. The posts were anchored 

at 6 m high above the road and inclined at 15 degrees. 

The primary net used is the high tensile (1770MPa) 

ROCCO ring mesh with a secondary TECCO 65/3 for 

aperture control. The structure also has a central support 

rope separation to enable a split construction for more 

efficient installation and maintenance. 

2.3  COMPLETING THE DESIGN
After completion of the concept design during lockdown 

in April 2020, a site visit was scheduled during Level 2 

Covid-19 restrictions to mark out the proposed anchor 

locations and assess the local topographic irregularities 

to determine if posts needed to be modified or moved. 

One of the highest risks identified in the early design 

stages was ensuring the post locations were accurately 

2.2  DESIGNING THE CONCEPT
A number of alternative mitigation measures were 

considered during design development, including a 

concrete rockfall shelter and various extents of active 

mesh. However, with the design focus on minimal 

disruption to the community, a cost-effective solution, 

and minimal impact on the coastal environment it 

became clear a rockfall canopy was the best option.

The canopy size is broadly determined by three  

key factors:

•   The slope geometry, the steeper the slope, the shorter 

the canopy net will be. 

•   The width that the canopy needs to span (i.e. the 

width of the road or rail)

•   The allowable deflection of the canopy net, this is 

determined by the clearance height required above 

the road (or other infrastructure). 

 An initial 3D design model of the canopy was created 

(Figure 5) to determine the above metrics and confirm 

the suitability of the structure. This was followed by a 

calibrated FARO simulation from the SCC-500 testing 

to confirm anchor forces, post buckling resistance 

requirements and confirm that the seismic, snow and 

wind loads could be structurally satisfied. 

The canopy’s main components consist of:

•  A plinth that connects the post to the rock face. 

•   A top and bottom rope that extend the entire length 

of the system.

•   A series of upslope ropes that support the hinged 

post and the canopy net.

•   A downslope rope from the end of each post to keep 

the system tensioned and help self-cleaning.

•   Brake elements that absorb energy by deforming 

plastically and reduce maintenance.

•   Upslope, downslope and lateral anchors that secure 

the structure in place.
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Figure 5: (Left) concept design drawing,   (Right) Concept 3D Design Model.  

Using a digital design approach the canopy was optimised for the site resulting in a length of 104 m 

made up of 13 spans of 8 m widths. The post length ranged from 10 to 15 m with a canopy net 

length between 12 to 26 m at 35 degrees upslope. The posts were anchored at 6 m high above the 

road and inclined at 15 degrees. The primary net used is the high tensile (1770MPa) ROCCO ring 

mesh with a secondary TECCO 65/3 for aperture control.  The structure also has a central support 

rope separation to enable a split construction for more efficient installation and maintenance.  

2.3 Completing the Design 
After completion of the concept design during lockdown in April 2020, a site visit was scheduled 

during Level 2 Covid-19 restrictions to mark out the proposed anchor locations and assess the local 

topographic irregularities to determine if posts needed to be modified or moved. One of the highest 

risks identified in the early design stages was ensuring the post locations were accurately transferred 

to site within the 3-dimensional space on a highly irregular rockface. If a post ended up being too 

long, short or misaligned, it would have a significant effect on the geometry and performance of the 

structure. To mitigate this risk an extensive digital design model was developed and additional 

measures such as an innovative plinth with the ability to vary thickness was designed to allow minor 

tweaks to occur during construction to account for challenges on the rockface.  
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topographic irregularities to determine if posts needed to be modified or moved. One of the highest 

risks identified in the early design stages was ensuring the post locations were accurately transferred 

to site within the 3-dimensional space on a highly irregular rockface. If a post ended up being too 
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measures such as an innovative plinth with the ability to vary thickness was designed to allow minor 

tweaks to occur during construction to account for challenges on the rockface.  

FIGURE 5: (Left) concept design drawing,  (Right) Concept 3D Design Model. 
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useful for assessing interactions with adjacent structures, 

in manufacturing the components and educating all 

stakeholders of the design intent.   

In addition to the design benefits, the digital model 

was also developed into a detailed visualisation by 

the NCTIR visualization team (Figure 7), this allowed 

for communications and videos to be developed for 

stakeholder and community engagement. The advantage 

of these visualisations is that they are built from the 

design model, and therefore illustrate an accurate 

representation of the structure. 

 

2.4  BELOW AND ADJACENT TO THE CANOPY 
As part of the finished design, the areas of the cliff 

below and adjacent to the canopy structure were 

carefully considered and systems were designed to 

mitigate rockfall hazards from these areas. Beneath 

the canopy several areas were actively supported with 

either TECCO 65/3 mesh or anchored and sprayed with 

shotcrete to reduce the minor rockfall from beneath the 

canopy mesh. Active mesh was extended to the south 

of the canopy in an area where the geometry was not 

suitable for the canopy. To the north of the canopy 

where the slope becomes much shallower a rockfall 

attenuator (ATT-60) was constructed, as the slope angle 

was unsuitable for a canopy.

transferred to site within the 3-dimensional space on a 

highly irregular rockface. If a post ended up being too 

long, short or misaligned, it would have a significant 

effect on the geometry and performance of the 

structure. To mitigate this risk an extensive digital design 

model was developed and additional measures such as 

an innovative plinth with the ability to vary thickness 

was designed to allow minor tweaks to occur during 

construction to account for challenges on the rockface. 

Another critical challenge in the design was 

securing the downslope anchorages. This needed to 

be independent of the existing seawall and remain 

outside the narrow road corridor. The innovative solution 

developed was to install isolated plinths beneath the 

road that would transfer the downslope forces from 

outside the seawall down to the underlying rock.  

The final design of the rockfall canopy was completed 

in a 3D digital design model (Figure 6) and translated 

to a series of construction drawings. Geobrugg also 

provided a site-specific installation manual to assist in 

the construction of this unique structure. The digital 

model was continuously used during the project to 

assess the impacts of any new site geometry information 

and enabled the 3D structure to be accurately surveyed 

throughout construction which instilled confidence in 

the team. The digital design approach was extremely 
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Figure 6: Digital Design Model 

In addition to the design benefits, the digital model was also developed into a detailed visualisation 

by the NCTIR visualization team (Figure 7), this allowed for communications and videos to be 

developed for stakeholder and community engagement. The advantage of these visualisations is 

that they are built from the design model, and therefore illustrate an accurate representation of the 

structure.  
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3. CONSTRUCTING A CANOPY
The construction of the rockfall canopy was completed 

by the NCTIR team. Rock Control were brought in as 

the specialist contractor to install all elements of the 

structure including ground anchors, concrete structures, 

shotcrete, rock mesh and canopy construction. Selection 

was based on their extensive experience in building 

rockfall protection structures and past experience along 

the Kaikōura Coast. Early engagement with contractors in 

the canopy project was crucial to establish a construction 

methodology, identify challenges and establish solutions, 

this process continued for the duration of the project. 

The majority of the construction was completed during 

nightshift, which allowed the road to remain largely open 

during the day, minimising disruption to the public.  

All works were completed by an experienced 

crew with a range of specialist skills to undertake all 

aspects of the project. The system was installed using 

a combination of rope access personnel, helicopters, 

cranes, hiab’s, elevated working platforms (Figure 8) 

and various drill rigs. 

Due to the high variability of anchor heights along 

the alignment, a range of drilling equipment was utilised 

and included an excavator mounted rig, rope access and 

hiab assisted drilling techniques. Where possible the 

larger drill rigs were used to increase productivity with 

light weight drill rigs limited to the higher extents of the 

canopy. Rig movements were minimised where possible 

to optimise productivity.

 

 

  

Figure 7: Digital visualisation  

2.4 Below and Adjacent to the Canopy  

As part of the finished design, the area below and adjacent to the canopy structure were carefully 

considered and systems were designed to mitigate these hazards. Beneath the canopy several areas 

were actively supported with either TECCO 65/3 mesh or anchored sprayed concrete to reduce the 

minor rockfall from beneath the canopy mesh. Active mesh was extended to the south of the canopy 

in an area where the geometry was not suitable for the canopy. To the north of the canopy where 

the slope becomes much shallower a rockfall attenuator (ATT-60) was constructed, as the slope 

angle was unsuitable for a canopy. 

3. Constructing a Canopy 
The construction of the rockfall canopy was completed by the NCTIR team. Rock Control were 

brought in as the specialist contractor to install all elements of the structure including ground 

anchors, concrete structures, shotcrete, rock mesh and canopy construction. Selection was based on 

their extensive experience in building rockfall protection structures and past experience along the 

Kaikoura Coast. Early engagement with contractors in the canopy project was crucial to establish a 

construction methodology, identify challenges and establish solutions, this process continued for the 

duration of the project. The majority of the construction was completed during nightshift, which 

allowed the road to remain largely open during the day minimising disruption to the public.   

All works were completed by an experienced crew with a range of specialist skills to undertake all 

aspects of the project.  The system was installed using a combination of rope access personnel, 

helicopters, cranes, hiab's, EWPs (Figure 8) and various drill rigs.  

Due to the high variability of anchor heights along the alignment, a range of drilling equipment was 

utilised and included an excavator mounted rig, rope access and hiab assisted drilling techniques.  

Where possible the larger drill rigs were utilised to increase productivity with light weight drill rigs 

limited to the higher extents of the canopy. Rig movements were minimised where possible to 

optimise productivity. 

FIGURE 7: Digital visualisation 

FIGURE 8: Canopy construction during nightshift road closures
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FIGURE 9: Temporary rockfall protection above the canopy
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4. COMPLETING THE CANOPY
The Kaikōura Rockfall Canopy project was completed 

in June 2021 and formed the last project of the NCTIR 

programme. The complexity of this structure and 

dedication of NCTIR’s One Team through to the end 

epitomises the overall success of the NCTIR project 

(Figure 11). 

Design and constructing the Southern Hemisphere’s 

first rockfall canopy is a testament to the hard work and 

dedication of all those involved. 

https://bit.ly/CanopyConcept 

https://bit.ly/CanopyConstruction 

The authors are grateful to the North Canterbury 

Transport Infrastructure Rebuild (NCTIR) and New 

Zealand Transport Agency (NZTA) for permission to 

publish this paper. The dedication and contribution of 

all members of the design and construction teams is 

respectfully acknowledged.

NCTIR’s strong culture of safety was carried through 

to this project, and from the start the team’s focus was 

on protecting those tasked with building this challenging 

structure. A top down approach was adopted, where 

initial scaling of identified hazard areas was completed, 

followed by the installation of draped temporary 

mesh and erosion control matting to minimise rockfall 

impacting the canopy area during the construction 

(Figure 9).

Construction supervision during the canopy 

installation was critical in communicating information 

between the construction and design team. NCTIR  

had a dedicated onsite team who monitored all  

aspects of construction night and day. Geobrugg also 

provided support during critical installation steps and 

completed full climb over inspections and a final sign off 

(Figure 10). 

FIGURE 10: Final site walkover
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FIGURE 11: Completed Canopy

Figure 12: The on-site Canopy Team
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INTRODUCTION
This paper captures the lessons learnt from the 

Geotechnical Slope Hazards Design Team over the 

approximate four-year duration of the NCTIR (North 

Canterbury Transport Infrastructure Recovery) project. 

The paper is an assimilation of a number of responses 

from the members of the design team throughout the 

project’s life. There are several lessons that were learned 

through the duration of the project that the authors hope 

will not only improve the processes and approaches 

during future disaster recovery but also design 

approaches for future non-disaster recovery projects.

The paper is sectioned into the Key Learnings from 

the project (the five critical lessons recommended for 

adoption in large scale disaster recovery), followed by the 

Main Learnings gained during each stage of the project. 

The main learnings represent important experiences 

and recommendations gained during specific phases 

on the recovery and design effort. In each phase there 

are major and minor learnings, as judged by the authors 

somewhat subjectively, defined as below:

Major Learning – A significant positive or negative 

learning experience that is strongly recommended to 

be adopted for future projects. These learnings have 

significant impact on the programme, operation, and 

safety of the project.

Minor Learning – An important note that would have 

improved the workings within the project and may 

provide some benefit on future projects. 

In response to a number of unique challenges faced 

on this project resulting from the timeframes, terrain and 

multiple geotechnical hazards, a number of innovative 

solutions were developed. These key innovations have 

been captured within this paper and as part of these 

lessons learned, in the hope that these can provide 

benefits to the wider industry for future projects. 

1. THE NCTIR PROGRAMME
During the November 2016 Kaikōura Earthquake, the 

North Canterbury region experienced significant ground 

shaking and slope failures. The North Canterbury Transport 

Infrastructure Recovery (NCTIR) alliance, representing 

the NZ Transport Agency (NZTA) and KiwiRail on behalf 

Tom Revell
NCTIR/Aurecon

Stuart Finlan
Waka Kotahi

Richard Justice
NCTIR/ENGEO
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resulted in standardised designs, with construction 

and design occurring concurrently. Later in the project, 

during the recovery phase, a Target Out-turn Cost (TOC) 

approach directed the project towards a more traditional 

design and construct approach along with a focus on 

improving the resilience of the network. 

KEY LEARNING 3 – TEAM STRUCTURE
Building a high performing team that works well together 

is key to the success of the project, as demonstrated on 

NCTIR. The team would have benefited from a Technical 

Specialist from the Client(s) being embedded within the 

project to work alongside the design teams. Efficiencies in 

workflows could be improved by creating integrated teams 

of mapping, modelling and design responsible for specific 

sections of the transport corridor. In addition, implementing 

well-constructed spatial data collection system, such as 

Fulcrum or ArcCollector, from the start of the project would 

improve the consistency and transfer of information. 

Having a mixed team of Engineering Geologists 

and Geotechnical Engineers is essential. The team 

must be trusted to work within their respective areas 

of competency. Professional registered Engineering 

Geologists (PEngGeol) must have equal responsibility 

and authority for signing off works relating to their field 

of expertise, without needing to defer to a Chartered 

Professional Engineer (CPEng). 

KEY LEARNING 4 – EARTHQUAKE DAMAGED 
SLOPES ARE DIFFERENT
Effectively communicate and ensure an understanding by 

non-technical Asset Owner representatives that there will 

be a number of sites very prone to failure that have not 

directly failed during the earthquake. These failure-prone 

slopes should be considered, and the recovery should not 

solely focus on only the slopes that failed, especially if 

there is a desire for resilience. 

KEY LEARNING 5 – SLOPE WORKS
The risk to workers on slopes (roped access) and at the 

base of slopes needs to be critically reviewed during 

any recovery project, especially following seismic events 

where aftershock sequences can be complex and 

extended. This review must consider other solutions to 

placing people on the slopes, especially for scaling. The 

team did not believe this risk to slope workers was fully 

appreciated, and that we were fortunate the Kaikōura 

earthquake did follow the same aftershock sequence 

seen in the Canterbury Earthquake Sequence.

KEY LEARNING 6 – NETWORK RESILIENCE 
Network resilience should be considered early in the 

project, even during emergency response. In this sense, 

‘Resilience’ focuses on the long-term Robustness of 

the network against the increase in slope failure rate 

expected following the earthquake. An early focus 

on network robustness can alter the design solutions 

adopted and will allow for consideration of both life 

safety risk and long-term residual risk.

of Government, were tasked to repair the road and rail 

networks between Picton and Christchurch.

The scope that was managed and delivered by NCTIR 

is briefly summarised below:

1.  Establish access to Kaikōura via SH1 south and Inland 

Road (Route 70) to reconnect the Kaikōura community 

and enable Kaikōura to reopen as a tourist destination.

2.  Strengthen and manage the roading infrastructure on 

the SH1 alternate route (via Lewis Pass) to cope with 

the extra traffic and to improve safety and journey 

time for customers, 

3.  Re-connect the road and rail links between Kaikōura 

and Picton.

4.  Restoration of the Transport System along the coastal 

route between Cheviot and Clarence 

5.  Design and construct safety, resilience and tourist 

amenity improvements on SH1 between Oaro and 

Clarence. 

6. Reinstate a safe, functioning Kaikōura Harbour.

7.  Provide environmental, planning, consenting, and 

stakeholder management for the above works.

Within the programme, the NCTIR project naturally evolved 

to have two distinct phases, which directly impacted the 

design processes and the way in which the team operated.

The Emergency Response phase included the 

immediate remediation and slip clearance work to 

re-open SH1 and reconnect the Kaikōura community. 

During this time two detours were in place. The Inland 

Route (Route 70) detouring the southern section of 

SH 1 to access Kaikōura, and the “Alternative Route” 

to provide access between Christchurch and Picton, 

which detoured on SH7, SH65 and SH6 (from Waipara to 

Nelson via Lewis Pass and Murchison).

The Recovery phase, which focussed on reinstating 

the network to full operation and improving the coastal 

journey. This phase also included works to improve the 

resilience of the network to future events.

2. KEY LEARNINGS FOR FUTURE 
DISASTER RECOVERY PROJECTS
In essence, the key learnings are six critical lessons that 

are considered ‘essentials’ to be adopted on future large-

scale infrastructure disaster recovery projects. Many of 

these consistently came across in the majority of the 

responses received.

KEY LEARNING 1 – RECOVERY STRATEGY
Develop a clear recovery strategy that includes 

consideration for the immediate goal of re-opening 

critical lifelines as well as the recovery phase of building 

resilience. Having a pre-formed plan and strategy for 

each section of network to improve resilience following 

disasters may facilitate this approach.

KEY LEARNING 2 – PREPARE FOR CHANGE
Be prepared for the design approach to change as the 

project evolves. The initial approach during the response 

phase was driven by timeframe and life safety risk, which 
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projects looked at more frequent return-period events 

and maintaining an improved level of surface. 

3.1 INITIAL BRIEF AND DESIGN PHILOSOPHY
In the emergency response phase of the project, the 

NCTIR design team was directed to re-open the road 

and rail as fast as possible to an agreed acceptable 

life-safety risk and level of service. A number of design 

philosophies, including slope risk management, rockfall 

modelling and rock mass classification, were established 

to align the team and asset owners in this approach.

Major Learnings
•   Determine a clear strategy and directive around 

opening the lifelines in a safe manner as quick as 

possible, balanced with operational resilience to 

frequent events being incorporated.

•   It is beneficial having key Design Philosophy Reports. 

For the NCTIR project the critical report covered 

rockfall, rockfall modelling, and stated how the 

design boulders and percentiles relate to actual risk 

reduction. The critical design hazards that need to  

be considered in future recovery programs may  

be different.

•   Consideration is needed for areas that have may have 

not failed in the main event but have been damaged 

and are likely to fail in the near future, possibly 

within the timeframe of the design working life of a 

protection structure.

3. MAIN DESIGN LESSONS LEARNT
The main learnings (major and minor as noted in the 

Introduction) represent important experiences and 

recommendations gained during specific phases on the 

recovery and design effort.

During the Emergency Response phase, the initial 

target for road opening was May 2017, six months 

after the Kaikōura Earthquake. This resulted in a focus 

on clearing material, assessing the risk and installing 

as many remedial systems as possible. The design 

philosophy took a corridor-wide approach, standardising 

structures and therefore limiting the need for site 

specific designs. This approach enabled a larger number 

of proprietary systems to be ordered early, which was 

necessary due to significant lead in times. However, 

once the May target was realised to be unrealistic, the 

design process refocused, still maintaining a prioritisation 

of speed, but now ensuring the available pre-ordered 

systems were optimised and tailored to the specific site.

Following road re-opening in December 2017, the 

Recovery phase began, which focussed on reinstating 

the network to full operation and improving the coastal 

journey. This was completed using a Target Outrun Costs 

(TOC) approach, which led to a more traditional design-

and-construct process. The designs were tailored to each 

site and optimised with a focus on the total project cost. 

In addition, further effort was focused on improving the 

long-term resilience of the rail network which resulted 

in several ‘Reliability’ projects for rail. The Reliability 

lead in times. However, once the May target was realised to be unrealistic, the design process 
refocused, still maintaining a prioritisation of speed, but now ensuring the available pre-ordered 
systems were optimised and tailored to the specific site. 

 
Photo 1 – Slip P7, significant amounts of debris resulting in extensive damage to the road and rail corridor. 

Following road re-opening in December 2017, the Recovery phase began, which focussed on 
reinstating the network to full operation and improving the coastal journey. This was completed using 
a Target Outrun Costs (TOC) approach, which led to a more traditional design-and-construct process. 
The designs were tailored to each site and optimised with a focus on the total project cost. In addition, 
further effort was focused on improving the long-term resilience of the rail network with resulted in 
several ‘Reliability’ projects for rail. The Reliability projects looked at more frequent return-period 
events and maintaining an improved level of surface.  

3.1 Initial Brief and Design Philosophy 
In the emergency response phase of the project, the NCTIR design team was directed to re-open the 
road and rail as fast as possible to an agreed acceptable life-safety risk and level of service. A number 
of design philosophies, including slope risk management, rockfall modelling, rock mass classification, 
were established to align the team and asset owners in this approach. 

Major Learnings 

• Determine a clear strategy and directive around opening the lifelines in a safe manner as quick 
as possible, balanced with operational resilience to frequent events being incorporated. 

• It is beneficial having key Design Philosophy Reports.  For the NCTIR project the critical report 
covered rockfall, rockfall modelling, and stated how the design boulders and percentiles relate to 
actual risk reduction.  The critical design hazards that need to be considered in future recovery 
programs may be different. 

PHOTO 1 – Slip P7, significant amounts of debris resulting in 
extensive damage to the road and rail corridor.
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a much more efficient cost compared to helicopters. 

Simple training and restricted airspace mitigates most 

of the risk associated with drone usage.

3.2.2 RISK ASSESSMENT
Road and rail used separate risk assessment tools to 

identify the sites requiring remedial works, as well as 

assessing the suitability of proposed solutions. The road 

network used the New South Wales (NSW) Roads and 

Maritime Services (RMS) Assessed Risk Level (ARL) 

approach. The rail corridor used the established KiwiRail 

Slope Hazard Rating System (KHR). Sites affecting the 

road were considered needing to meet a residual risk 

level of ARL 3 or better. Sites affecting rail was required 

to have a score no greater than 250 at the completion of 

mitigation works. 

Major Learnings
•   The risk rating tools (ARL / KHR systems) should 

be considered as a tool for prioritisation of detailed 

investigation and design, rather than a clear-cut 

quantitative risk assessment. These tools should be 

used within their limits. “Make Safe” criteria should be 

based around a different metric.

•   Understand and communicate clearly that the outputs 

from risk rating tools (ARL and KHR) are limited 

and require expert judgement within the overall risk 

assessment. Especially for sites experiencing multiple 

failures in a short time period.

•   If the ARL assessment is restricted to be used only by 

accredited assessors, the assessment then must be 

completed in accordance with the guidance, to ensure 

the capture of true risk. Limiting the assessment to focus 

on specific return period events, for example linked 

to the Bridge Manual SLS and ULS return periods, is 

considered inappropriate and should not be applied.

Minor Learnings
•   Infrastructure asset owners (road and rail) are strongly 

recommended to implement a national collection of 

data from rockfall or landslide events to aid in risk 

assessments in the future – create a baseline to enable 

the post-seismic effects to be measured.

 

3.3 ANALYSIS
The analysis of the field assessment data was mainly 

completed in the form of rockfall modelling, although 

later in the project debris flow modelling was 

incorporated. The analysis and modelling outputs fed 

directly into the detailed design phase of the project.

3.3.1 ROCKFALL MODELLING
Major Learnings
•   Rockfall modelling and the reporting needs to reflect 

the accuracy of incoming data, including both slopes 

and boulder sizes. The modelling approach needs to 

be as simple, repeatable and as practical as possible. 

The outputs from modelling are for analysis alongside 

other factors to assist in design.

•   A complex and possibly large aftershock sequence 

should be expected following any significant seismic 

event. Controls need to be very carefully considered if 

workers are placed in high-risk locations. 

3.2 FIELD ASSESSMENT
The field assessment phase of the project began 

immediately following the Kaikōura Earthquake and 

continued throughout the project; however, the majority 

of this work was undertaken in the first 12 months. The 

main aspects of the field assessments undertaken were 

landslide mapping, the development of geotechnical 

characterisation reports for each failure site as well as the 

assessment of the life-safety risk to rail and road users.

3.2.1 MAPPING
Major Learnings 
•   Prepare for an immediate use of GIS based mapping 

system (such as Fulcrum or ArcCollector) and define 

specific “locked” values. Spatially collected data is 

invaluable for design, site management, transfer of 

knowledge, quality and handover.

•   Collect area-wide LiDAR as early as possible following an 

event, as well as regularly thereafter (approximately six-

month intervals) to assist with large scale monitoring.

•   Determine a consistent approach and/or guideline for 

the inspection of sites and landslides from the outset. 

This should be captured on GIS. 

•   Ensure the information collected in mapping and 

characterisation reports relates directly to the risk 

rating events captured in the risk assessment. For 

NCTIR the risk assessment frameworks used were

-  The New South Wales (NSW) Roads and Maritime 

Services (RMS) Slope Risk Assessment Version 4, 

for Road. The NSW RMS calculates an Assessed Risk 

Level (ARL) with an upper level of acceptable risk of 

ARL3 required by NZTA

-  The KiwiRail Slope Hazard Rating (KSHR) was used 

as a proxy for risk for the rail network, with an upper 

limit of tolerability of 250 required by KiwiRail.

Minor Learnings
•   It is useful to develop a localised specific Rock Mass 

Classification early to aid in standardised description 

and communication of slope materials being studied. 

[e.g. Macfarlane & Justice (2017)]

•   It is beneficial to have a geotechnical mapping 

team independent of the emergency clearance and 

construction support team. 

•   Site-specific characterisation reports should be 

concise and templated to capture key information 

relating to the observed and reasonably expected 

hazards affecting the life risk and that would be used 

as the basis for design. 

•   Develop a non-sequential naming convention of sites 

— using chainages or unique locations names, to allow 

additional sites to arise, and be named, between sites.

•   The widespread use of UAVs (drones) would have 

helped collect large amounts of site photography at 
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landslides and rockfall protection systems to reduce 

the life-safety risk to road and rail users. Throughout 

the lifetime of the project the approach evolved from 

the rapid design/construction in the emergency phase 

through to ‘traditional delivery’ during the recovery 

phase and resilience work.

3.4.1 DESIGN OF WORKS
Major Learnings
•   Identify a suitable design guidance for rockfall 

protection structures. In most cases, the NZTA Bridge 

Manual is not appropriate for rockfall protection, 

and further guidance needs to be developed around 

seismic demands on anchorages. The applicability of 

design working life on rockfall protection structures 

and their anchorages also need to be reviewed 

considering the frequency of impact on the structures 

during their design working life.

•   The Bridge Manual anchor corrosion protection 

clauses need review for rockfall protection structures. 

Consideration is needed of the appropriateness of 

the required protection coatings and the significant 

associated costs. Several departures from Bridge 

Manual requirements were granted by NZTA for this 

project in this regard.

•   Adopt an internationally recognised certification (such 

as ETAG 027) to ensure suitability of protection fences 

and mesh then design anchors accordingly. 

•   Undertake total life cycle cost assessments of fences 

and mesh (particularly with consideration to their 

high maintenance costs) when considering against 

realignments and other major works and options.

•   Rockfall modellers and designers should work in close 

collaboration within integrated modelling/design teams 

within a set zone or area to ensure close connections, 

accurate information, and timely delivery of outputs.

Minor Learnings
•   Capturing rockfall data whether intentional (scaling 

triggered) or unintentional (event triggered) on video 

for determining modelling parameters is valuable. 

Equip site teams with high-quality cameras and lenses 

to capture this data. 

3.3.2 DEBRIS FLOW INITIATION AND MODELLING
Major Learnings
•   Following a significant landslide event, be prepared 

for debris flows following subsequent rainfall events. 

Expect debris flows to be initiated in significantly 

smaller rainfall events compared to what might have 

been experienced before the earthquake.

Minor Learnings
•   Apply modelling tools that consider hydrographs with 

bulking factors and utilise inputs from stormwater 

modelling to provide shape of catchment and flow rates.

•   Where possible collaborate with national agencies 

(such as NIWA and GNS) to expand any landslide 

dam breach modelling to include high-risk debris 

catchment areas.

 

3.4 DESIGN
The design work completed by the NCTIR Geotechnical 

Slopes Hazard team focused on the remediation of 

PHOTO 2 – Slip P6, the road at Ohau Point was completely buried by debris.
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TECHNICAL

PHOTO 3 – A significant debris flow at Jacobs Ladder 
following ex-Cyclone Gita.

•   Embed a technical Asset Owner representative 

within the design team with appropriate Delegation 

of Authority on technical issues. If this option 

is not practical, ensure Asset Owner technical 

representatives are included in design philosophy 

discussions, brought onto each project early  

and included in key decisions to expedite  

design outputs.

•   Carefully consider the impact of the construction 

(and removal) of temporary works and the impact on 

permanent works. Notably, cutting benches into lower 

slopes to ease the install of permanent fences can 

lead to long-term slope instability issues of the bench.

•   Carefully consider the lateral extents of rockfall 

protection works. Often the rockfall zone terminated 

against a steep rock bluff, and most off-the-shelf 

solutions did not cater for this.

•   It is beneficial to have a pragmatic in-house geotechnical 

peer reviewer, that understands the driving issues, 

applies practical solutions and provides clear reasonable 

input. This role has the ability to add a lot of value to the 

team, as proven on the NCTIR project.

Minor Learnings
•   Realignments, bunds, and walls have lower 

maintenance costs than fences, and should be 

considered as the preferred option. Use fences 

and mesh sparingly and only when geometrically 

constrained.

3.4.2 SAFETY IN DESIGN (SID)
Major Learnings
•   Include site specific SiD Risk Registers in the drawing 

set for each project.

•   SiD Risk Registers must be unique for each site, 

whereas Project Risk Registers may be suitable to be 

generic across a series of similar projects.

•   From a SiD perspective, upslope barriers and fences 

will require significantly more safety considerations 

during their construction and will have increased 

maintenance issues compared to drapes, attenuators 

and other self-clearing structures that require non-

specialist contractors to clear debris with standard 

equipment at road level.

•   A strong SiD culture leads to innovations – see Section 

4 below.

3.4.3 DOCUMENTATION
Major Learnings
•   Ensuring consistency of information between 

characterisation reports, risk assessments, rockfall 

modelling and final design reports is important. This 

could be achieved through a zonal team structure.

•   Overly detailed and lengthy reports are excessive 

and unnecessary for authors, reviewers, and asset 

owner representatives. Lengthy reporting for each 

site can result in excessive review work from the 

client side resulting in delays on the project side. A 

recommended approach is to capture project and site 

wide information in an overarching philosophy report 

with short site-specific design features / calculation 

reports.

•   An Operations and Maintenance Manual covering a 

particular asset stream, such as rockfall protection 

structures, is beneficial and combines critical 

operational information into a single document.

•   Ensure the documents storage/release platform is user-

friendly, especially on site. A good search function and 

automated association of RFIs is needed to effectively 

track design changes and instructions to site.

•   It is beneficial to use a risk-based assessment (ARL) 

for road re-opening purposes, compared to the use 

of producer statements – PS4 for works completed. 

The temporary opening of the road relied upon 

a PS4 signed to CM1-CM2 level for each region 

(Kaikōura North and Kaikōura South). This was felt 

to be inappropriate given the traffic volumes and the 

number of people at risk. 

Minor Learnings
•   It is beneficial to set out a streamlined and achievable 

review process between designers and asset owner 

technical representatives.

3.4.4 DRAWINGS
Major Learnings
•   Standardise common details from the start (e.g. 

anchor assemblies, FlexHead details, etc. for rockfall 

protection structures).
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•   Include SiD Register and Specifications (including 

testing requirements and anchor schedules) within the 

drawing set for each project.

•   Ensure drawings are as detailed and site specific as 

possible to communicate clearly the design intent. This is 

benefited by including tolerances of geometries, anchor 

depth and spacing, and finished structure heights etc.

Minor Learnings
•   Standard drawing scales should represent the size 

most printed for use on site (i.e. A3). 

•   It is beneficial to implement, track and record drawing 

read-throughs with designers, site engineers and CPS 

(Construction Phase Services) team to communicate 

design intent and key details.

•   It is beneficial to use digital design models for 

complex structures. In these cases, the drawings 

should be extracted directly from the digital model to 

avoid multiple sources of information.

3.5 CONSTRUCTION PHASE
Due to the geographical separation between site and 

the design office, the team included a number of design 

representatives that were site based. The CPS team 

consisted of a number of geotechnical professionals 

that provided design presence on site. The CPS evolved 

from the site based “Geotech Team” that provided the 

technical input for the remedial works and slip clearance 

during the emergency phase. 

Major Learnings
•   It is beneficial to have a collaborative approach 

between construction teams and the design team 

(their site representatives) through the tendering, 

scoping and review process to ensure details on the 

drawings are not underappreciated. 

•   It is essential to include the Design/CPS team during 

the procurement of materials to prevent the wrong 

items being ordered, especially considering some 

items can have extended lead-in times, and the wrong 

materials can cause significant delays to the project.

•   Ensuring collaborative and open communication 

between designers and the site-based CPS team 

is critical. In the initial phases, having a site-based 

principal-level designer imbedded in the CPS team 

with a level of delegated authority would be beneficial 

when designs and drawings are ‘work in progress’.

•   Site observations (including rockfall events), design 

queries and requests for information between design, 

CPS and construction teams should captured in a 

formal communication – this benefits transfer of 

information and records discussions. 

•   Ensure hazard assessments and risk ratings are well 

communicated with site teams, especially those 

working on slope, as well as STMS teams selecting 

locations for TTM and queuing vehicles

•   Wind can cause loosening of shackles in a very short 

period of time, ensure all shackles are “moused”  

and secured. +64 6 877 1652  •  www.rdcl.co.nz  

To improve understanding of ground models 
and seismic response and provide quality 
assurance of ground improvement work.

We have the most comprehensive list of 
equipment in New Zealand, and a team of 
professionals at all phases of data 
acquisition and processing. 

We bring real-world operational 
experience in a wide range of
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● Soil stratigraphy
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should only be considered for systems that do not 

require a standard producer statement.

•   Multidisciplinary checks, ‘Squad Checks’, are useful 

when applied appropriately, to efficiently gather large 

amounts of diverse feedback from relevant parties.

3.7 MAINTENANCE
The major learning from the NCTIR Design Team’s 

perspective of maintenance is that during the emergency 

recovery and ‘road opening’ phase the maintenance 

requirements of structures were not heavily considered. 

Speed of install, and suitability of the solution for the 

hazard took priority. 

The proprietary structures from Europe appear to  

be designed for different financial models. The 

geotechnical environment in New Zealand, particularly 

earthquake damaged slopes within Torlesse Greywacke 

rocks, has a much larger amount of fretting and minor 

rockfall that require much more frequent clearance 

compared to what appears to be the case in Europe.  

This presents a significant challenge and may result in 

higher long-term maintenance costs compared to  

other solutions.

4 INNOVATIONS
NCTIR developed a strong culture of innovation 

throughout the life of the project. This directly resulted in 

a number of novel solutions, modifications to proprietary 

and approaches to installation. The sections below 

outline the main innovations relating to the rockfall 

protection systems and were funded and supported by 

NZTA and KiwiRail during the NCTIR project.

3.6 QUALITY AND HANDOVER
Although not directly responsible for the quality and 

handover process on the project, the Design and 

CPS teams were involved with aspects of the process 

regarding the rockfall protection systems designed and 

constructed over the life of the project.

Major Learnings
•   It is beneficial to use tested and certified products 

(such as proprietary rockfall protection systems),  

as this simplified the design and construction of 

complex dynamic structures and provided assurance 

of their capability.

•   During the emergency response and rapid recovery 

stage, QA needs to be consistently captured to 

reduce the need for any re-work or poor work being 

accepted out of necessity. As-built information must 

be accurately captured throughout construction and 

finalised immediately after being built.

•   To minimise the time lag between completion and 

handover, regular (weekly or bi-weekly) meetings 

solely focused on QA tracking is essential. 

•   Provide the CPS Team with suitable time and 

resources to enable them to capture as well as review 

of QA documentation at the time of construction to 

facilitate the handover process.

Minor Learnings
•   Duplication of producer statements creates 

unnecessary paperwork. If standard producer 

statements are required, then internal ones should not 

be created. The value of an internal design certificate 

PHOTO 4 – Accumulation of debris will require ongoing clearance and maintenance of the structures.
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4.1 DEVELOPED SOLUTIONS

Self-Cleaning Canopy (SCC)

A horizontally installed rockfall fence above the road, 
with an angled mesh to direct material over the road – a 
dynamic rockfall shelter. 

Requires specific site geometries to be applicable, mainly 
a near vertical source and narrow (<15m) carriage way.

Timber Debris Interception (TDX) Wall

A 3m high steel king post wall with timber lagging, 
designed for high-accumulating, low-energy debris slides. 

Constructed gap in the lagging at 2m to enable material 
depth to be monitored without accessing behind the 
structure. Lagging can be removed to clear debris.

Modular Block Wall

A three-layered wall with gabion baskets, sand and 
concrete blocks. Designed and tested for moderate to 
high energy impacts. 

Small footprint for construction, and can be constructed 
placing the concrete blocks first to provide protection 
during installation.

Machine Access Debris Flow Bridges

Debris flow bridges were designed with openings to 
enable machinery to be driven through them. This 
provides access for clearing debris, and removes the 
need for rail and road crossing into the catchment area.

Debris Flow Screen

In-channel debris flow screens constructed from large 
steel beams designed to disrupt the flow and initiate 
deposition of debris upstream to reduce the volume 
of material entering the culvert. Provides easier access 
for maintenance when used in association with a debris 
catchment area.
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•   GIS Based Data Collection – Fulcrum was used 

to collect and standardise field capture, including 

construction observations, slope movement reports 

and quality information. This system is beneficial if 

implemented as early as possible on a project.

•   TARP (Trigger Action Response Plan) – a risk 

management tool that considers a number of 

factors ranging from weather forecasts to real-time 

monitoring. Can be developed further in place of 

structures to manage risk.

•   Earth Fill Bunds – Assessing and using appropriate 

landslide debris as fill for earth bunds. Cost and time 

efficient.

•   Rock Milling – Can be used to effectively scale 

rock faces below around 8m and can remove larger 

features on the rockface compare to conventional 

scaling.

•   Digital Terrain Models – Using UAVs or helicopters 

to collect aerial imagery to build photogrammetric 

DTMs for use in analysis of the slope and boulders, 

identification of hazards, and in design.

•   Digital Design Approach – Using the DTMs as a base 

to design structures in 3D using digital modelling 

software, this is more suitable for complex structures 

on challenging terrain.

•   Realignments – Realign the transport corridor away 

from hazards where possible, is a very effective 

solution with minimal maintenance.
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4.2 MODIFIED STRUCTURES
•   Hybrid Attenuator Barriers – Increasing the length 

of the attenuator tail to reach close to road or bench 

level to improve ease of clearance.

•   Removal of ‘apron’ on Shallow Landslide Barriers 

– If appropriate, removal of the uphill apron greatly 

improves maintenance behind the structure without 

impacting overall performance.

•   Winglet Detail on Fences – At the lateral extents of 

rockfall fences and attenuators continue the mesh 

along the lateral ropes to create ‘wings’ to increase the 

catch area of the structure.

•   Transmission Rope – An additional rope installed 

horizontally across the middle of a rockfall fence 

can significantly reduce the overall deflection when 

working in a narrow area.

•   Additional Cable for Clearance – A tether can be 

attached to the centre of each span of a dynamic 

fence/barrier to facilitate in lifting the bottom cable to 

clear material from the structure.

•   Turnbuckle on Bottom Rope – Install a turnbuckle 

on the bottom rope of an active mesh and/or drape 

system to facilitate easier release of material during 

clearance.

•   Draped Debris Flow Barrier – Modify a debris flow 

barrier to have an extended drape covering a steep 

channel to provide storage for debris as well as better 

access for clearance of debris.

•   Grade Marker for Bunds – Use a grade marker to mark 

the backslope of the bund, such that during clearance 

the profile of the bund can be visually identified to 

prevent damage to the structure.

•   Concrete Roadside Barrier as Rockfall Protection 

– Using TL4 and TL5 concrete roadside barriers as 

part of the overall system to manage debris entering 

the transport corridor. May require modifications 

depending on energies.

•   Seawall Block Bund – Using seawall blocks to 

construct bunds / bund facing, proved to be more 

time efficient than gabion baskets.

•   Reinforced Erosion Matting as Temporary Drape – 

MacMat-R and similar products proved to be good 

temporary drape solutions across unstable slopes. 

It is relatively quick to install, can attenuate larger 

material and the fine poly matrix reduces the amount 

of nuisance debris released.

4.3 APPROACHES
•   Epoxy Coated Galvanised Bars – The use of epoxy-

coated galvanised bars to provide a Class 2+ level 

of protection. This approach was considered by the 

design team and the KiwiRail/NZTA SMEs to be a 

practical, cost effective solution, and appropriate for 

the situation and systems used. A Departure from 

NZTA was required for their use on NCTIR.

•   Early Contractor and Manufacturer Involvement – This 

is critical for any project to understand the limitations 

of construction during the design phase.
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THE AUSTRALIAN ANTARCTIC Division (AAD) is in 

the process of investigating the feasibility of providing 

year-round aviation access to the continent through 

the construction of a paved runway near Davis Station, 

East Antarctica. Currently access to Davis is limited 

to icebreaker ships throughout the summer season, 

approximately 2 weeks travel time from Hobart, 

Tasmania; or by air via the summer-only link from Hobart 

through the Wilkins aerodrome ice runway, located 

approximately 70km inland from Casey station. Travel 

between the stations can result in significant delays due 

to weather, and the requirement for good ice conditions 

at Wilkins means this route is only open for a few 

weeks at the start and end of summer, as midsummer 

temperatures soften the ice surface. Additionally, early 

season access to Davis is achieved by the construction 

of a skyway on the sea ice near station, the condition of 

which varies year to year. 

Davis Station is located on a rocky outcrop on the 

coast of the Vestfold Hills, a predominantly ice-free 

area covering approximately 410 square kilometres. The 

station is located 20km from the edge of the ice plateau, 

and conditions are somewhat mild for an Antarctic 

station, with temperatures around zero degrees through 

the height of summer, and reaching as low as -40C in  

the winter. 

With its location in the Vestfold hills, one of the only 

ice-free areas of East Antarctica, Davis Station presents 

an opportunity to develop a more reliable air-link to 

Australia, which can be functional throughout the 

winter months, as well as being less reliant on stable ice 

conditions to allow travel in summer. 

Along with the AAD, AECOM have been undertaking 

investigations into potential runway sites for a number 

of years and, having identified a potential candidate, a 

ground investigation program was developed to sample 

the permafrost sediments and bedrock across the site 

to assist with the detailed engineering design, delivery 

and construction methodology process, pending project 

approval. In order to limit environmental impacts from 

drilling and reduce disturbance to native fauna typically 

present during the summer months, the program was 

planned to be carried out in winter. A team consisting 

of specialist drillers from Northern Canada and a 

Geotechnical Engineer from AECOM New Zealand were 

engaged to carry out this field investigation. They would 

Winter drilling in Antarctica

Tiarnan Colgan, AECOM

Tiarnan Colgan
AECOM
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drilling program began within station limits, while work 

carried on to ensure the appropriate controls, training 

and support were in place for drilling off-station. A 

number of shallow boreholes were drilled across the 

wider station area, intended to support the design of 

future station infrastructure, for temporary support of 

the Davis Aerodrome construction, and for the future 

development of Davis station. Throughout the next few 

weeks of drilling the field team worked to come up with 

processes to deal with drilling in the worsening winter 

conditions, including travelling onto the now formed sea 

ice to drill holes and pump seawater to use as drilling 

fluids, combating rapidly freezing water hoses and 

aggressive permafrost threatening to grind progress to 

a halt and lock drill rods into the ground, and coercing 

machinery to start in the sub-zero temperatures. 

One of the biggest challenges was dealing with the 

weather, which is very difficult to predict due to the lack 

of monitoring locations across the continent. Throughout 

the winter the weather typically fell into one of two 

broad patterns: stable high pressure systems, with 

relatively low winds, clear skies and cold temperatures; 

or low pressure systems which brought comparatively 

warmer weather, but high winds and snow. High winds 

and low visibility during the low pressure systems made 

work unsafe, with blizzards routinely exceeding 50 knot 

sustained winds (90km/h) and entombing buildings 

be joined by 22 other expeditioners at Davis for the 

winter season.

After jumping through COVID hoops to get as far as 

Hobart, the team departed by ship in late February. After 

two and a half weeks crossing the Southern Ocean, the 

group arrived at Davis, and began the task of unloading 

the ship and resupplying station before the previous 

wintering group departed. Over the next few weeks the 

drill rig was put together from the numerous shipping 

containers of equipment sent down from Canada, 

temperatures fell and winter began to set in.

Due to the fact that contact with the outside world 

is limited to a satellite internet link over winter, and 

getting people in or out is almost impossible, medical 

emergencies have to be handled on station with limited 

support. Medical facilities are relatively limited, so health 

and safety practices, and accident/injury prevention 

are of key importance. With plans to drill off-station 

throughout winter, with cold temperatures, limited 

weather forecasting ability, and with no sunlight for a 

significant portion of the winter, the next few weeks were 

spent working to develop robust safety documents and 

plans for all aspects of the drilling program, as well as 

preparing emergency management plans and conducting 

exercises with the station Search and Rescue team. 

Once the documentation for drilling practices had 

been finalised and signed off, the initial part of the 
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the winterers maintained their first layer of protection 

against the cold throughout the season. 

Those willing to brave the temperatures outside got to 

see auroras overhead throughout the winter, occasionally 

on their way back to the mess hall for lunch during the 

darkest months. After everyone had completed their field 

travel and survival training (including spending a freezing 

night out in a plastic bivvy bag in -30C overnight temps), 

groups were able to travel on the sea ice to reach the 

four field huts spread across the area for recreational 

overnight trips, and to see the sights of the Vestfold 

hills. To mark the midwinter solstice, a huge feast and 

celebration was prepared, and a large hole was cut 

in the sea ice to prepare for the traditional midwinter 

swim. Air temperature on the day was -23C, with a water 

temperature of -1.8C keeping the swims short and sweet. 

Eventually all of the paperwork, training and planning 

came together to allow the drilling program to progress 

off-station. Under strict environmental controls and 

permits, the rig was moved from drill site to drill 

site, along the route of the proposed access link and 

aerodrome site, drilling boreholes ranging from 4 to 

40m in depth. The sites covered varied terrain, with core 

samples recovered from hard metamorphic bedrock, to 

and the drill rig in large snow drifts. The highest winds 

experienced during the winter reached over 94 knots 

(175km/h) and required multiple days to dig the buildings 

and roads around station free. Drilling was focused 

around the calmer days where work could be carried 

out more safely, however these days were typically 

much colder, which brought its own challenges, such as 

keeping drilling fluids liquid, getting equipment started 

and keeping it running, and avoiding cold injuries from 

exposure to wind chill temperatures, which reached -46C 

on our coldest day. 

Throughout this period the wintering team settled 

into their new home on station, complete with lots 

of comforts and distractions to keep everyone happy 

throughout their stay. The station spent time working on 

hobbies in the workshop, keeping fit in the gym, as well 

as many nights playing pool or watching movies from 

the extensive DVD collection in the cinema, and more 

than a few hours spent in the station bar or making more 

supplies in the (now defunct) station brewery. An inter-

station darts competition was held between the four 

Australian Antarctic and Subantarctic stations, with Davis 

topping the table, took an award in the 48 hour Antarctic 

Winter Film Festival and the on-station chef ensured 
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in maintaining the integrity of the recovered permafrost 

samples, and core boxes had to be quickly ferried back 

from site into refrigerated shipping containers to avoid 

losing the ice from the cores. 

By early November, the team reached the far end 

of the site alignment, and completed all of the main 

priority boreholes. After this the rig was brought back 

to station in order to be dismantled, washed down and 

packed away for transport back to Canada, while the 

team got ready to hand the station over to the next 

group of expeditioners coming in for the summer season. 

The warmer weather brought wildlife back to station for 

the first time since March, and the last few recreational 

trips were made to see the nearby penguin colonies and 

newborn Weddell seal pups on the ice. The first plane 

landed on the sea ice outside station in mid-November, 

and the winterers of the 74th ANARE gradually departed 

station to fly to Casey station on their way back to 

Tasmania, with the team having successfully completed 

their winter drilling season in Antarctica.

sediment filled valleys with permafrost and extensive 

subsurface ice lenses. The frozen ground surface acted to 

limit water infiltration from drilling, and the utmost care 

was taken not to impact the fragile environment of the 

investigation sites. Temporary access tracks were formed 

to allow the drill rig to reach the investigation sites, with 

extensive documentation of the existing conditions to 

allow reinstatement after the work is complete. 

Progress along the site alignment carried on 

throughout the rest of the winter, interspersed with 

frequent blizzards which required clearing snow from 

the station and access roads before the drill rig itself 

could be reached to be dug/melted out of the snow. The 

use of tracked vehicles, Hagglunds, to access site sped 

this process up a bit, however between the weather and 

the challenges of drilling and moving the rig around the 

site throughout winter, progress was still limited to 1-2 

boreholes a week. 

By early September, the strong polar sun made 

the days considerably warmer, and while this made 

drilling progress easier, it posed additional challenges 
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ABSTRACT
This study investigated the performance of geogrid 

reinforced bridge abutments for their use in New 

Zealand. Over the past couple of decades geosynthetics, 

and geogrids in particular, were employed to create 

a reinforced soil block that supports the bridge 

superstructure and resists lateral earth pressures, 

especially seismic actions. Many geogrid reinforced soil 

abutments were built overseas and they have performed 

very well, especially during large seismic events. In New 

Zealand these structures are not prevalent. 

This study will review international case studies 

from the past two decades to draw out design and 

construction considerations and potential advantages. A 

key focus will be on the seismic performance of geogrid 

reinforced abutments, including seismic performance 

in past events derived from long term monitoring and 

large-scale laboratory testing. 

This study then reviews current international design 

best practice and compares it to New Zealand’s design 

approaches for geogrid reinforced abutments in the 

context of Waka Kotahi’s Bridge Manual. Roadblocks to 

wide-spread implementation on New Zealand’s roading 

network are discussed and potential changes to current 

design guidance are suggested. 

1. INTRODUCTION
This study examines the use of geogrid reinforcement in 

bridge abutments. While these structures are common 

overseas, and exhibit very satisfactory performance, 

they are not frequently used in either New Zealand or 

Australia. This study was initiated on the question ‘Why 

are these structures not more prevalent in New Zealand?’

This paper will review case studies and design 

approaches used internationally, including the use of 

these structures in high seismic environments. The 

second part will describe current best design practice 

and explore the potential integration into New Zealand 

design practice. 

2. BRIDGE ABUTMENTS
(Structure, Components and Parts 2020) defines key 

elements of bridge structures, namely: 

Jan Kupec
Aurecon
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Figure 1 Components of a bridge 

This study concentrates on bridge abutments, as those collect and resist lateral actions, both 
deformations and imposed stresses. Those actions derive from soil that forms part of the approach 
fill and vertical loads from the superstructure, including the bridge self-weight and traffic loads. 
Abutments are connected to shallow or deeply embedded foundations, (Rajapakse 2016). 
Abutments must be stiff to resist imposed loads and deformations, and to transfer those to the 
foundations. The performance of an abutment is integral to the overall performance of a bridge, 
(Wilson and Tan 1990) and (Wood 2015). Abutments are generally earth retaining structures and can 
be made from a monolithic block of reinforced concrete, or comprise soil bodies with or without 
facing elements to retain the fill.   

3. Geogrid reinforced soil abutments 
Geogrid reinforced soil [GRS] abutments are bridge abutments comprising interlayered granular soil 
and geogrid materials. 

In recent years, applications of the GRS technology for bridge-supporting structures have gained 
increasing attention on the international stage. Depending on the facing rigidity, GRS bridge-
supporting structures can be grouped into two types: “rigid” facing and “flexible” facing structures. A 
“rigid” facing is typically a continuous reinforced concrete panel, either precast or cast-in-place, 
connected to geogrid reinforcements using a full-strength coupler or bodkin joint. A “flexible” facing, 
on the other hand, typically takes the form of wrapped geogrid, dry-stacked concrete modular 
blocks (segmental block wall), timber, natural rocks, or gabions. In contrast to a “flexible” facing, a 
“rigid” facing offers a significant degree of “global” bending resistance along the entire height of the 
facing panel, and thus offers greater resistance to “global” flexural deformation caused by lateral 
earth pressure exerted on the facing, (NCHRP Report 556 2006). 

Since 1994, the Japan Railway has constructed a large number of full-height concrete facing GRS 
bridge abutments and piers, (Tateyama, et al. 1994), (Kanazawa, et al. 1994) and (Tatsuoka, 
Uchimura, et al. 1997) using a rigid wall GRS system developed by Tatsuoka and his associates at the 
University of Tokyo. These GRS bridge-supporting structures were constructed in two stages. The 
first stage involves constructing a wrapped-faced GRS wall with the aid of gabions, and the second 
stage involves casting in-place a full-height reinforced concrete facing over the wrapped face and 
connecting it with small anchors to the gabions. Field measurement has shown that these structures 
experienced little deformation under service loads and have performed far better than conventional 
reinforced concrete retaining walls and abutments during the 1995 Japan Great Hansin earthquake 
that measured Mw7.2, (Tatsuoka, Uchimura and Tateyama 1997), or VIII on the Modified Mercalli 
Scale. GRS bridge-supporting structures with a flexible facing have been the subject of several 

•   Superstructure: mounted on the substructure and 

includes decking, girders, slabs, cable stays or 

suspended systems that collect the traffic loads. 

•   Substructure: comprises piers, abutments, bearings 

and all components collecting actions from the 

superstructure and transferring those into the 

foundations;

•    Foundations: which transfer the weight of the bridge 

and any loads on it to a competent bearing strata;

Figure 1 sets out their relationship to each other.

This study concentrates on bridge abutments, as they 

collect and resist lateral actions, deformations and 

imposed stresses. Those actions originate from the soil 

that forms part of the approach fill and vertical loads 

from the superstructure, including the bridge self-weight 

and traffic loads. Abutments are connected to shallow 

or deeply embedded foundations, (Rajapakse 2016). 

Abutments must be stiff to resist imposed loads and 

deformations, and to transfer those to the foundations. 

The performance of an abutment is integral to the overall 

performance of a bridge, (Wilson and Tan 1990) and 

(Wood 2015). Abutments are generally earth retaining 

structures and can be made from a monolithic block 

of reinforced concrete or comprise soil bodies with or 

without facing elements to retain the fill. 

3. GEOGRID REINFORCED SOIL 
ABUTMENTS
Geogrid reinforced soil [GRS] abutments are bridge 

abutments comprising interlayered granular soil and 

geogrid materials.

In recent years, applications of the GRS technology 

for bridge-supporting structures have gained increasing 

attention on the international stage. Depending on 

the facing rigidity, GRS bridge-supporting structures 

can be grouped into two types: “rigid” facing and 

“flexible” facing structures. A “rigid” facing is typically 

a continuous reinforced concrete panel, either precast 

or cast-in-place, connected to geogrid reinforcements 

using a full-strength coupler or bodkin joint. A “flexible” 

facing, on the other hand, typically takes the form of 

wrapped geogrid, dry-stacked concrete modular blocks 

(segmental block wall), timber, natural rocks, or gabions. 

In contrast to a “flexible” facing, a “rigid” facing offers a 

significant degree of “global” bending resistance along 

the entire height of the facing panel, and thus offers 

greater resistance to “global” flexural deformation caused 

by lateral earth pressure exerted on the facing, (NCHRP 

Report 556 2006).

Since 1994, the Japan Railway has constructed a 

large number of full-height concrete facing GRS bridge 

abutments and piers, (Tateyama, et al. 1994), (Kanazawa, 

et al. 1994) and (Tatsuoka, Uchimura, et al. 1997) using 

a rigid wall GRS system developed by Tatsuoka and 

his associates at the University of Tokyo. These GRS 

bridge-supporting structures were constructed in two 

stages. The first stage involves constructing a wrapped-

face GRS wall with the aid of gabions, and the second 

stage involves casting in-place a full-height reinforced 

concrete facing over the wrapped face and connecting 

it to the gabions with small anchors. Field measurement 

has shown that these structures experienced little 

deformation under service loads and performed far 

better than conventional reinforced concrete retaining 

walls and abutments during the 1995 Japan Great 

Hansin earthquake that measured Mw7.2, (Tatsuoka, 

Uchimura and Tateyama 1997), or VIII on the Modified 

Mercalli Scale. GRS bridge-supporting structures with a 

flexible facing have been the subject of several studies 

that will be discussed in the following sections. These 

structures were investigated as they have shown great 

promise in terms of ductility, flexibility, constructability, 

and cost, but also because they feature decades of 

operational performance with no signs of distress, and 

on some occasions have been subjected to high intensity 

earthquake shaking. 

(Koerner 2012), (Detert and Thomson 2013) and 

(Zornberg, et al. 2018) describe the history of using GRS 

in bridge structures in the United States and Europe 

which started approximately 25 years ago. GRS was 

used initially in the construction of the front face and 

wingwalls of bridge abutments, while the abutment 

itself was supported on separate conventional rigid 

foundation systems, often deep piles, refer to Figure 2a). 

An alternative application was developed to isolate the 

rigid components of the abutment from horizontal earth 

pressures generated by the backfill. This is achieved by 

leaving a gap between the back of the rigid abutment 

wall and the GRS. The gap could be left open or filled 

with compressible material, refer to Figure 2b). Over the 

FIGURE 1 Components of a bridge
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4. GEOGRID REINFORCEMENT
Prior to turning to case studies it is important to 

understand how geogrids work in soil and what 

composite behaviour they establish in it. In general, 

reinforced soil or mechanically stabilised soil are 

combinations of alternating layers of compacted earth 

fill with relatively closely spaced tensile reinforcement 

elements to create an earth composite structure, whose 

properties and performance depend on the interaction 

between the soil and the reinforcement. The reinforcing 

elements may be metallic, polymeric or even natural 

materials, and may take the form of sheets, rods or grids. 

A number of terms are used in published literature to 

describe reinforced soil systems, a common term in New 

Zealand is MSE (mechanically stabilised earth), which can 

include metallic and polymeric reinforcements in various 

forms such as straps, grids and meshes. In this paper, 

only Geogrid Reinforced Soils (GRS), a special subset of 

geosynthetic reinforced soils systems that use layers of 

polymeric grids, is being investigated. 

Geogrids may be constructed from polyester 

[PET], polyvinyl alcohol [PVA], polyethylene [PE] 

or polypropylene [PP]. Geogrids can be divided 

into uniaxial, biaxial and more recently triaxial grids. 

Uniaxial geogrids have one principal orientation and 

are significantly stronger in one direction. They are 

usually employed in earth structures where ‘plane strain’ 

conditions persist. Biaxial geogrids feature equal strength 

in two orthogonal directions and are usually used in 

horizontal applications such as load bearing pads, 

pavements or load transfer platforms. Triaxial grids have 

three in plane directions and were primarily developed 

for pavement reinforcements. This study focuses on 

uniaxial geogrids as they are the main reinforcement 

elements for reinforced soil abutments.

4.1 ELASTIC-VISCOUS-PLASTIC BEHAVIOUR
Geosynthetics, and geogrids in particular, are tested 

in air (characteristic tensile strength or long duration 

creep tests), but their performance in air [under normal 

laboratory tensile test conditions] is very different to 

their working conditions once they are embedded 

past two decades attention has turned to supporting 

superstructures directly upon a specifically designed 

GRS. The deck loads are transmitted via bearings or 

foundations directly onto the GRS and through the GRS 

to the competent native soils, refer to Figure 2c). 

In this study, the GRS abutments are implemented 

without construction of conventional rigid foundation 

systems such as deep pile foundations. Such systems are 

variously termed in publications but are referred to in 

this paper as GRS abutments. 

Design considerations include contact pressures 

between the bearing or bank seat, which are relatively 

low, under normal operational conditions; typically in 

the range of 150 to 250 kPa, (Kessel van and Hangen 

2015). The bearing or bank seat is typically located at a 

setback of about 1.0m from the edge of the facing and 

at the top of the GRS. Due to the concentrated load, the 

reinforcement is more closely spaced directly underneath 

the bearing / bank seat, typically with 200mm to 

300mm vertical spacings, as opposed to the main soil 

body where the main reinforcement spacings is 450mm 

to 600mm apart. 

Rigid or flexible facings can be provided to the GRS 

abutment, and a variety of geogrid reinforcement types 

are possible which may have constant or varied spacing 

within the GRS and be of uniform or varied strength 

and length within the abutment. As with normal earth 

retaining structures, reinforced concrete panel walls 

connected to geogrids can create GRS abutments with 

‘rigid’ facings. Facings such as smaller individual concrete 

panels, modular blocks, or wrapped-around construction 

are considered ‘flexible facings’; with increasing degrees 

of flexibility, respectively, (FHWA 2015).

Bridge structures may be integral i.e. where there 

is no provision for expansion joints between the 

superstructure and the approach embankments. 

Alternatively they may feature separation joints between 

the bridge superstructure and sub-structure.     

In summary, this paper solely refers to geogrid 

reinforced soil abutments, mostly using uniaxial geogrids, 

where the bridge superstructure is directly supported on 

the reinforced soil block. 

studies that will be discussed in the following sections. These structures were investigated as they 
have shown great promise in terms of ductility, flexibility, constructability, and costs, but also 
because they feature decades of operational performance with no signs of distress, and on some 
occasions being subjected to high intensity earthquake shaking.  

(Koerner 2012), (Detert and Thomson 2013) and (Zornberg, et al. 2018) describe the history of using 
GRS in bridge structures in the United State and Europe which started approximately 25 years ago.  
GRS was used initially in the construction of the front face and wingwalls of bridge abutments while 
the abutment itself was supported on a separate conventional rigid foundation systems, often deep 
piles, refer to Figure 2a).  An alternative application was developed to isolate the rigid components 
of the abutment from horizontal earth pressures generated by the backfill.  This is achieved by 
leaving a gap between the back of the rigid abutment wall and the GRS.  The gap could be left open 
or filled with compressible material, refer to Figure 2b).  Over the past two decades attention has 
turned to supporting superstructures directly upon a specifically designed GRS.  The deck loads are 
transmitted via a bearings or foundations directly onto the GRS and through the GRS to the 
competent native soils, refer to Figure 2c).   

In this study, the GRS abutments are implemented without construction of conventional rigid 
foundation systems such as deep pile foundations.  Such systems are variously termed in 
publications but are referred to in this paper as GRS abutments.   

 
Figure 2 Configuration of geogrid reinforced soil in bridge abutments, (after Detert et al 2013) 

Design considerations include contact pressures between the bearing or bank seat. Those are 
relatively low, under normal operational conditions; typically in the range of 150 to 250 kPa, (Kessel 
van and Hangen 2015).  The bearing or bank seat is typically located at about 1.0m setback from the 
edge of the facing and at the top of the GRS.  Due to the concentrated load, the reinforcement is 
closer spaced directly underneath the bearing / bank seat, typically 200mm to 300mm vertical 
spacings, as opposed to the main soil body where main reinforcement spacings is 450mm to 600mm 
apart.  

Rigid or flexible facings can be provided to the GRS abutment, and a variety of geogrid 
reinforcement types are possible which may have constant or varied spacing within the GRS and be 
of uniform or varied strength and length within the abutment.  As with normal earth retaining 
structures, reinforced concrete panel walls connected to geogrids can create GRS abutments with 
‘rigid facings’. Facings such as smaller individual concrete panels, modular blocks, or wrapped-
around construction are considered ‘flexible facings’; with increasing degree of flexibility, 
respectively, (FHWA 2015). 

FIGURE 2 Configuration of geogrid reinforced soil in bridge abutments, (after Detert et al 2013)
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development under normal operational conditions. 

In summary, practitioners and designers may not 

fully account for the in-soil behaviour of geogrids 

once they form a composite with the soil. Elastic-

viscous behaviour should be positively attributed as it 

shows a very high capacity to take short term actions 

like earthquakes or accidental over load, (Tatsuoka, 

Uchimura, et al. 1997) and (Kupec 2000).

4.2 CONFINEMENT
The composite behaviour between granular soil and 

geogrid reinforcement relies on interaction between 

both materials. This is because it requires strain 

compatibility (large deformations in load supporting 

structures like pavements and very small deformations 

in earth structure applications such as retaining walls 

or abutments), (Uchimura, et al. 2004). In geogrid 

reinforced soils, stability is achieved by lateral support 

of soil particles enabling significantly higher vertical 

(axial) stresses to be carried. The reinforcement 

resists the stresses in tension, a mechanism termed 

“confinement”, refer to Figure 4. 

4.3 DYNAMIC INTERLOCK
(McGown, Yeo, et al. 1990) identified in the early 

1990s that ‘dynamic interlock’ induced by compaction 

stresses or repeated dynamic actions (such as traffic 

loading) significantly enhances the performance of 

geogrid reinforced granular soils. Later studies using 

transparent granular soil (fused quartz in mineral oil) at 

the Geoengineering Centre at the Royal Military College 

in Kingston, Canada, demonstrated the previously 

postulated interactions of geogrids with granular soils. It 

was confirmed that geogrid interacts differently with soil 

than purely frictional inclusions, such as sheets or strips, 

e.g. steel strips and strap reinforcement, (Fawzy and 

Bathurst 2014). This finding is important to distinguish 

between purely frictional interactions, which are usually 

found with metallic reinforcements such as Reinforced 

Earth™ or Terra Armée™ systems, and geogrids where 

composite action is achieved with confinement and 

dynamic interlock. 

in competent engineered fill materials, (McGown 

and Kupec 2001), (Kupec and McGown 2004) and 

(Kongkitkul, et al. 2004). 

Their elastic viscous plastic (creep) behaviour was 

often stated as an adverse material behaviour, but creep 

characteristics determined in laboratory testing (in-air) 

are very different once soil and geogrid are working 

together, (Kupec 2004). Further, modern geogrids, 

developed over the past two decades for use in Earth 

Structures, feature a high initial stiffness and a low 

creep tendency at their operational strain levels, usually 

around 1 to 2% upper bound design strain levels, i.e. a 

fraction of their ultimate tensile strain capacity, refer to 

Figure 3. Long term strains measured insitu in monitored 

Earth Structures exhibit less than 0.2% to 0.5% strain 

 

Figure 3 Isochronous stress strain curves [tx] showing high initial stiffness [k] and low creep susceptibility at operational 
strain levels and design strength [TD] 

1.2. Confinement 
The composite behaviour between granular soil and geogrid reinforcement relies on interaction 
between both materials because that requires strain compatibility (large deformations in load 
supporting structures like pavements and very small deformations in earth structure applications 
such as retaining walls or abutments), (Uchimura, et al. 2004).  In geogrid reinforced soils, stability is 
achieved by lateral support of soil particles enabling significantly higher vertical (axial) stresses to be 
carried. The reinforcement resists the stresses in tension, a mechanism termed “confinement”, refer 
to Figure 4.  

 

 

Figure 4 Effect of confinement on increasing axial load bearing capacity 

1.3. Dynamic interlock 
(McGown, Yeo, et al. 1990) identified in the early 1990s that ‘dynamic interlock’ induced by 
compaction stresses or repeated dynamic actions (such as traffic loading) significantly enhances the 
performance of geogrid reinforced granular soils. Later studies using transparent granular soil (fused 
quartz in mineral oil) at Geoengineering Centre at Royal Military College in Kingston, Canada, have 
demonstrated the previously postulated interactions of geogrids with granular soils, confirming that 
geogrid interacts differently with soil than purely frictional inclusions, such as sheets or strips, e.g. 
steel strips and strap reinforcement, (Fawzy and Bathurst 2014). This finding is important to 

FIGURE 3 Isochronous stress strain curves [tx] showing high 
initial stiffness [k] and low creep susceptibility at operational 
strain levels and design strength [TD]

FIGURE 4 Effect of confinement on increasing axial load bearing capacity
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has increased, several design approaches have been 

developed for GRS structures that only support lateral 

earth pressures. These include specific design methods 

for GRS abutments. In the USA, where GRS abutments 

have been most frequently used in roading and highway 

construction, a significant volume of research has been 

carried out under the National Cooperative Highway 

Research Program (NCHRP) by the Transportation 

Research Board of the United States of America in 

developing appropriate design methodologies for GRS 

abutments, (NCHRP Report 556 2006). 

The various studies conducted by NCHRP have 

included

•  Literary reviews and summary of research studies,

•  Summary and evaluation of state-of-the-art practices, 

•  Large scale instrumented structures, 

•  Centrifugal models, 

•  Evaluation and re-evaluation of field monitoring data, 

•   Inspection of as-built structures under normal service 

conditions and following seismic events, 

•  Numerical analyses. 

NCHRP investigated the use of GRS abutments to 

develop design and construction guidelines for GRS 

abutments subject to self-weight and loading from the 

bridge structure. The study considered static ground 

conditions only. The results are presented in NCHRP 

Report 556 published in 2006, (NCHRP Report 556 

2006). A subsequent round of studies, considered design 

guidelines for GRS abutments subjected to seismic loads 

to expand the guidelines from Report 556 to include 

seismic forces, (Helwany, Wu and Meinholz 2012). 

More recent studies by the NCHRP detailed in NCHRP 

24-21 (2018), investigates design refinements that can 

be incorporated into GRS and GRS abutment design 

processes, and defines a distinction between widely 

and closely spaced GRS structures, (US Department of 

Transportation 2018).

Dynamic Interlock is created by the applied loads 

causing lateral movement in the soils in contact with the 

geogrid, which in turn cause tension forces to develop 

in the geogrid. Tension forces are generated by frictional 

contact and interlock with the geogrid apertures, (Peng 

2017). Stiffness of the reinforced fill (backfill) is increased 

by interacting with the geogrid, which in turn is a direct 

function of the stiffness of the geogrid. Thus, strain 

compatibility of the soil and geogrid is critical to the 

overall performance of the structure, (McGown, Yeo, et 

al. 1990). Further studies at the University of Strathclyde 

indicated that geogrids achieve greater stability by 

pre-tensioning through the soil, which is also observed 

as a reduction in creep, (Kupec and McGown 2001) 

and (Kupec 2000). This tensioning effect was studied 

by Japanese researchers at the University of Tokyo, 

(Uchimura, et al. 2004) and is now widely used in the 

construction of reinforced earth structures in Japan by 

vertically prestressing GRS abutments. 

The composite behaviour explains why GRS 

structures, including abutments, outperform traditional 

retaining structures that rely on resistance of earth 

pressures alone. Composites often behave differently to 

their individual components and only provide different 

material properties in combination. Glass fiber reinforced 

plastics, or reinforced concrete, are some engineering 

composites where the combination of material properties 

create new, and often surprising, characteristics.

5. GLOBAL USE OF GRS ABUTMENTS
Figure 5 shows the global distribution of locations where 

GRS abutments have been implemented over the past 

two decades, (Detert and Thomson 2013). Regions where 

GRS abutments are most prevalent are the United States, 

Northern Europe, and Japan. GRS abutments feature 

heavily in seismically active areas, including Japan and 

the West Coast of the United States.

As the prevalence of gravity loaded GRS structures 

 

Figure 5 Global distribution of GRS abutments, countries standing out are USA, The Netherlands and Japan, followed by 
Brazil and the UK (correspondence with G Stevens) 

The various studies conducted by NCHRP have included 

 Literary reviews and summary of research studies, 

 Summary and evaluation of state-of-the-art practices,  

 Large scale instrumented structures,  

 Centrifugal models,  

 Evaluation and re-evaluation field monitoring data,  

 Inspection of as built structures under normal service conditions and following 
seismic events,  

 Numerical analyses.   

NCHRP investigated the use of GRS abutments to develop design and construction guidelines for GRS 
abutments subject to self-weight and loading from the bridge structure.  The study considered static 
ground conditions only.  The results are presented in NCHRP Report 556 published in 2006, (NCHRP 
Report 556 2006).  A subsequent round of studies, considered design guidelines for GRS abutments 
subjected to seismic loads to expand the guidelines from Report 556 to include seismic forces, 
(Helwany, Wu and Meinholz 2012).  

More recent studies by the NCHRP detailed in NCHRP 24-21 (2018), investigates design refinements 
that can be incorporated into GRS and GRS abutment design processes, and defines a distinction 
between widely and closely spaced GRS structures, (US Department of Transportation 2018). 

The NCHRP studies are considered progressive, rigorous and comprehensive, and the developed 
guidelines for design and construction are directly relevant to practice in New Zealand.  Selected 
aspects of the studies are discussed in greater detail in the subsequent sections of this paper.   

Several published documents are currently available from the NCHRP with regard to the design and 
construction of GRS abutments, (Helwany, Wu and Meinholz 2012) and (State New York Dep of 
Transportation 2015).   

FIGURE 5 Global distribution of GRS abutments, countries standing out are USA, The Netherlands and 
Japan, followed by Brazil and the UK (correspondence with G Stevens)
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abutments have been constructed from angular crushed 

stone fill with uniaxial geogrids at 400mm spacings 

and a flexible facing of segmental blocks mechanically 

connected to the geogrids. The GRS is supported 

on competent bedrock. The separation between the 

edge of the footing and the interior face of the wall is 

approximately 1.35 m (see Figure 7). The tensile strength 

of the geogrids ranges from 40 to 160 kN/m with higher 

(tensile) strength geogrid layers used beneath the bridge 

footings than within the backfill material. The vertical 

foundation walls are backed with a layer of polystyrene 

to reduce lateral earth pressures on the facing. A 

drainage system is incorporated into the backfill. 

Numerous studies report on monitored displacements 

during construction and creep deformations post 

construction, (Abu-Hejleh, et al. 2002), (Abu-Hejlah, et al. 

2000), and (Bathurst 2014).

The Colorado DOT made the following 

recommendations for design and construction of  

GRS abutments:

•   The foundation soil for these abutments should be 

firm enough to limit the post-construction settlement 

of the bridge sill to 75 mm.

•   The designer should plan for a bridge sill settlement 

of at least 25 mm caused by the bridge superstructure 

loads.

•   The maximum tension line needed in the internal 

stability analysis should be assumed bilinear, starting 

at the toe of the wall and extending through a straight 

line to the back edge of the bridge sill at the mid 

height of the wall, and from there extending vertically 

to the back edge of the bridge sill.

•    Ideally, construction should take place during the 

warm and dry seasons.

•    The backfill behind the abutment wall should be 

placed before the girders.

TAKE OUT: Geogrid reinforced abutments performed 

satisfactorily over several decades showing no adverse 

effects or any structural distress.

CASE HISTORY 2 – Maringa Railway Line Bridges 
in Brazil
In this case GRS was used to support the side walls of 

an excavation for a railway corridor. Four, at grade, single 

span road over rail bridges were then constructed across 

the excavation with the abutments bearing upon the 

GRS, refer to Figure 8. The abutment heights range from 

8 to 9 metres, (Brugger, Gomes and Conte 2012) and (Da 

Silva, Brugger and Engenharia 2012).  

The GRS was constructed on native soil deposits. 

The sidewalls of the trench were constructed using fine 

grained fill material with layers of geogrid reinforcement 

at 400mm to 600m vertical spacing. The vertical spacing 

of the geogrids was closer below the bearing seat, 

becoming more widely spaced with depth. A polyvinyl 

alcohol (PVA) type geogrid was used with tensile 

strengths ranging from 110kN/m to 200kN/m. The lower 

strength geogrid was used in proximity to the underside 

of the bridge bearing seat (foundation). Flexible facings 

The NCHRP studies are considered progressive, 

rigorous and comprehensive, and the developed 

guidelines for design and construction are directly 

relevant to practice in New Zealand. Selected aspects 

of the studies are discussed in greater detail in the 

subsequent sections of this paper. 

Several published documents are currently 

available from the NCHRP with regard to the design 

and construction of GRS abutments, (Helwany, Wu 

and Meinholz 2012) and (State New York Dep of 

Transportation 2015). 

In 2018 the US Department of Transportation 

Federal Highways Administration published Design and 

Construction Guidelines for Geosynthetic Reinforced 

Soil Abutments and Integrated Bridge Systems which 

references these studies, with particular emphasis on 

recent investigations, into better understanding aspects 

of the composite behaviour such as the effect of 

vertical spacing of the geosynthetic reinforcement, (US 

Department of Transportation 2018). 

6. INTERNATIONAL CASE HISTORIES
The case histories in this chapter were selected to 

represent international case studies of design and 

construction best practice for GRS systems used to 

support bridge structures, including bridge abutments 

and piers. The case histories present the evolution 

of GRS abutments and their increasing breadth of 

applications on infrastructure projects. The selected case 

histories include flexible and rigid facings, as well as a 

varying range of geogrid reinforcement being used. Case 

histories 7 to 9 focus on GRS structures in seismically 

active regions and their performance in strong and 

long duration earthquakes. Overall, the case histories 

demonstrate benefits to the use of GRS abutments in 

comparison to conventional structures which include: 

•   Space saving through construction of near vertical 

slopes; 

•  Simple and efficient construction techniques; 

•   Ability to tolerate relatively large deformations without 

distress; 

•   Outstanding seismic performance, (Zheng, et al. 2017) 

(Morsy and Zornberg 2017); 

•   Lower cost than traditional walls (reinforced concrete), 

after (Helwany, Wu and Meinholz 2012) and (Zornberg, 

et al. 2018).

•   Very low rate of failure, generally directly attributed to 

incorrect material specification of reinforcement and 

backfill

CASE HISTORY 1 – Founders / Meadows Bridge, 
United States
The Flounders / Meadows Bridge was constructed in 

1999 and was the first major highway bridge in the USA 

to use GRS abutments (see Figure 6). The bridge is a 

two-span road overbridge structure and the abutments 

are 4.5 metres and 5.9 metres high, (Bathurst 2014).

Both the bridge abutments and the approach 

embankments are supported by GRS. The GRS 
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were installed consisting of gravel filled hollow segmental 

blocks with the connection between the geogrid and 

the blocks maintained by friction. The geogrid was also 

wrapped against the facing and into the next layer. The 

separation distance from the bearing seat (foundation) 

and the interior of the facing ranged from 0.5 to 1.5 

metres.

Note that the reinforced soil block is significantly 

smaller than the Founders/Meadow Bridge, recognising 

the lack of deformation in the reinforced backfill wedge 

behind the bank seat.

TAKE OUT: Past research and monitoring of existing 

structures enabled optimisation of the reinforced soil 

block geometry and reinforcement layout (lengths, 

spacings and geogrid strength)

CASE HISTORY 3 – Ilsenburg Bridge in Germany
Ilsenburg Bridge consists of a single span road bridge 

constructed in 2000 over the River Ilse and was the first 

bridge in Germany to use GRS abutments. The bridge 

was heavily instrumented and monitored for more than 

a decade, with numerous reports providing long term 

performance information, (Herold 2002), (Herold 2005), 

FIGURE 6 View of completed Founders / Meadows Bridge and approaches, Colorado, USA, after (Zornberg, et al. 2018)

FIGURE 7 Typical cross section showing abutment and approach embankment, after (Zornberg, et al. 2018)

FIGURE 8 Cross sectional layout of PVA geogrid reinforced 
bridge abutment, after (Da Silva, Brugger and Engenharia 2012)
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other abutment was sloped at a conventional angle such 

that GRS was not required for both sides of the bridge. 

Backfill to the GRS abutments consists of crushed 

recycled materials, interlayered with two high strength 

geogrid reinforcements (increasing in strength in 

proximity to the bearing seating) at 500mm spacings. 

Polyvinyl alcohol [PVA] geogrids with a tensile strength 

of 400kN/m and 200kN/m were used. Modified gabion 

bags were used for the facing. 

In line with Japanese practice for railroad abutments, 

(Tatsuoka, Uchimura and Tateyama 1997), the GRS 

abutments were preloaded for a period of two months 

prior to construction of the bearing seat to reduce long 

term creep. The performance of the GRS abutments 

was monitored during the preloading by settlement 

monitoring of the top of the abutment and the base of 

the GRS wall. Following installation of the bearing seat 

and superstructure vertical and horizontal deformations 

were measured and resulting settlement was mainly 

attributed to subsoil compression, (Detert and  

Thomson 2013).

(Van Duijnen, et al. 2012) describes the monitoring 

of the Venlo Bridges in detail. Figure 10 shows the 

location of the monitoring points on each abutment and 

photographs of the bridge during the surcharge and on 

completion of construction. 

The Venlo Bridges monitoring showed that post-

construction deformations can be controlled and 

reduced to only account for the compressibility of  

the subsoils.

TAKE OUT: Post construction deformations, even for 

flexible facing systems, can be effectively controlled 

and reduced further by surcharging.

CASE HISTORY 5 – Nagoya Bridge in Japan
Constructed in the early 1990’s, the single span Nagoya 

Bridge supports the Japanese Bullet Train passing over 

a roadway at Nagoya Station, (Kasugai and Tateyama 

(Herold 2006) and (Herold, Aydogmus and Sander 

2008). The abutments are 2.7 metres high. 

Backfill consists of recycled crushed concrete, with 

layers of geogrid at 350mm spacing beneath the bearing 

seat. The geogrid was a polyvinyl alcohol geogrid, with 

a tensile strength of 140kN/m manufactured by Fortrac. 

The facing of the GRS abutment consists of stone filled 

gabion baskets which are mechanically connected to the 

geogrid (see Figure 9). The bearing seat was constructed 

at a setback of 1.6 metres.

The performance of the GRS abutments was 

monitored by instrumentation consisting of vertical 

inclinometers installed to measure horizontal 

deformations of the abutment, and settlement gauges 

installed in the bridge superstructure, bearing seat, and 

abutment wings. The maximum reported horizontal 

deformation measured after 5 years was 0.2mm, while 

the maximum settlement recorded at the surface of  

the abutment, was 4.5 mm, likely due to the 

compressible subsoil strata. The bridge was subjected 

to static and dynamic load testing after two years in 

operation, (Herold 2002), with lateral earth pressures 

being monitored. 

TAKE OUT: Long term performance is equal to 

conventional abutment structures with creep 

deformation being low and not affecting the  

long-term performance

CASE HISTORY 4 – Venlo Bridges in the 
Netherlands
The Venlo Bridges are two parallel single span road 

bridges in the Netherlands which were constructed 

in 2011 on GRS bridge abutments. The height of the 

abutments is 10m for one bridge and 7.4m for the other 

with a 31m span (Van Duijnen, et al. 2012). 

The bridges span a low-lying area. A vertical face 

(supported using GRS) was constructed on one side 

of the low ground area while the ground in front of the 

FIGURE 9 View of the geogrid reinforced bridge abutment of 
gabions (flexible facing), after (Herold 2006)

FIGURE 10 A Venlo Bridge abutment with flexible wrap around 
facing, showing concrete block surcharge to control post 
construction settlement, after (Huesker 2012)
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CASE HISTORY 6 – New South Wales Bridge  
in Australia

The New South Wales Bridge is a nine-span road bridge 

on the Pacific Highway which spans the Tweed River. The 

bridge was constructed in 1994 using GRS abutments 

and is considered to be the first use of GRS abutments 

in Australia. The abutments are 6.5 and 9.5 metres in 

height. The GRS was not constructed with a continuous 

vertical face, but was tiered over sections offsetting 

the facings, (Won, Hull and De Ambrosis 1996), refer to 

Figure 11. 

The abutments were constructed using sand backfill 

interlayered with uniaxial geogrid reinforcement. 

High density polyethylene [HDPE] geogrids with a 

characteristic tensile strength of 80kN/m were used 

in the upper portion of the GRS and a characteristic 

tensile strength of 110kN/m in the lower portion. Higher 

strength reinforcement was used in proximity to the 

bearing seat. The vertical spacing of the geogrid was 

1992). The bridge abutments are 6 metres in height. The 

structure was the first example of structures that are 

now common on the bullet train network with the main 

design characteristics of high seismic resilience and  

low maintenance. 

The GRS abutments were constructed from well 

graded gravel with vinyl chloride coated vinylon geogrid 

reinforcement at 0.3 metre vertical spacings. The tensile 

characteristic strength of the geogrid was 60kN/m. 

The setback of the bearing seat was approximately 

300mm to 500mm and a gabion wall interior facing 

was constructed with the geogrid wrapped around 

the gabions. To meet maintenance requirements and 

add seismic resistance, a full height rigid concrete wall 

was constructed against the gabions anchored into the 

reinforced soil block. 

Take Out: Japan implemented highly resilient designs 

on single span bridges, providing an environment for 

further development of this technology. 

FIGURE 11 First Australian geogrid reinforced abutment (NSW), after (Lo 2004)

FIGURE 12 Cross section and reinforcement layout, after (Won, Hull and De Ambrosis 1996)
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400mm at the lower portion of the GRS abutment 

and increased to 600mm in the upper portion, refer 

to Figure 12. The facing consisted of doweled and 

gravel filled hollow masonry blocks, with 3-metre-wide 

horizontal offsets applied between 2 metre vertical wall 

sections. The performance of the GRS abutments was 

monitored for up to 40 months following construction. 

A maximum vertical displacement of 80mm was 

measured at the rear of the abutment. It is not stated in 

the case study whether the settlement was due to the 

fill or the subsoil, however, the magnitude of vertical 

displacement remained constant for approximately 40 

months following construction, which suggests that the 

settlement occurred in the fill, (Lo 2004).

TAKE OUT: Extensive long-term monitoring generally 

indicates that deformations occur within the backfill 

and foundation soil, rather than manifesting as creep of 

the geogrid in the reinforced soil body.

CASE HISTORY 7 – San Francisco Bridge in Chile
The San Francisco Bridge is a single span road over rail 

bridge constructed in 2001 in Chile. The abutments are 

approximately 7.7 and 8.5 metres in height. The bridge 

supports a railway line in the Mostazal, O’Higgins Region 

of Chile, (Zornberg, et al. 2018).

The bridge was supported on pre-stressed concrete 

girders skewed at an angle of approximately 40°. 

The girders in turn were supported by bearing seats 

constructed on a GRS abutment. A granular backfill 

material was used in the GRS with high density 

polyethylene [HDPE] uniaxial geogrids. Three different 

strength geogrids were used with the highest strength 

reinforcement used at the base, and the strength 

reducing with proximity to the bearing seats. The 

characteristic tensile strength of the geogrids were 

144kN/m, 114kN/m and 70kN/m in the lower, mid, and 

upper portion of the GRS respectively. The vertical 

spacing of the geogrids varied vertically and laterally. 

Throughout the side slopes, geogrid spacings of 

600mm were used. Within one of the abutments the 

spacings ranged from 400mm in the upper and lower 

portions with 600mm spacings in between, the other 

abutment the spacing was 400mm and 200mm in 

the lower and upper portions, respectively. A flexible 

block facing was constructed. The bridge was in service 

for one decade before being subjected to the fifth 

strongest ever recorded earthquake, (Mid-America 

Earthquake Centre 2010). The earthquake intensity in 

the vicinity of the bridge was estimated to be VII on the 

Modified Mercalli Intensity Scale, with a strong shaking 

duration of over 3 minutes. 

The bridge was inspected following the 2010 Maule 

earthquake with no signs of lateral or vertical movement 

due to the earthquake at either abutment. Some damage 

to the bridge was noted, however this damage was not 

attributable to the GRS abutment construction as it 

comprised superficial superstructure damage. 

TAKE OUT: GRS abutment demonstrated high resilience 

in strong and long duration earthquakes 
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TAKE OUT: Japanese experience provides examples 

where GRS abutments survived extreme seismic events 

with full serviceability being maintained. Note: Current 
Japanese practice in coastal areas is to consider 
tsunami inundation including potential for over topping.

CASE HISTORY 9 – GRS abutments in the U.S.A.
Transfund (1998) summarises a study into the 

performance of five GRS structures which were subject 

to seismic loading during the Loma Prieta Earthquake 

in 1989. All five structures were undamaged by the 

earthquake and to date remain in service. 

GRS abutment development over the past two 

decades in the USA focused on large scale testing 

(shake table results) and insitu monitoring of new built 

structures. (Helwany, Wu and Meinholz 2012) reported 

shake table results with input motions of up to 1g, 

refer to Figure 14. The abutment was found to be fully 

serviceable after being subjected to 1g of direct shaking, 

with facing blocks exhibiting minor cosmetic damage.

TAKE OUT: Large scale testing on shaking tables is 

corroborating numerical analyses, including full 3D 

FEM and FDM, and field observations (seismic and long 

duration performance)

FAILURES
The development of design approaches and construction 

of GRS abutments were not without issues. Some of the 

very early structures constructed in Australia and New 

Zealand have exhibited deformations in excess of the 

design assumptions. 

CASE HISTORY 8 – GRS abutments in Japan
Transfund (1998) details the condition of 15 GRS 

structures following the 1995 Kobe earthquake where a 

seismic intensity of VIII on the Modified Mercalli Intensity 

Scale was recorded. The inspections were carried out by 

the Japanese Geogrid Research Board and the Public 

Works Institute. The GRS structures were supporting 

highways and railway lines as well as parking areas. All 

inspected structures were in a serviceable condition 

following the earthquake, with little or no damage. The 

GRS structures had demonstrated a high level of seismic 

resistance, (Murashev 1998). 

Similarly, Professor Fumio Tatsuoka and his research 

team from Tokyo University, observed and analysed 

multiple GRS structures that were subject to strong and 

long-lasting earthquakes and which showed none to very 

limited damage, (Soga, et al. 2018). This experience of 

lack of damage contributed to a revision of Japanese 

design codes of practice. 

(Shindo and Tatsuoka 2017) reported on the 

restoration of coastal railway lines in Japan after the 

Great Honshu earthquake of 2011, which had similar 

duration and shaking intensity to the Maule earthquake 

along the coastal areas between Iwaki and Hachinohe. 

The majority of bridge abutments and embankments 

were reconstructed using geogrid reinforced soil to 

provide seismic and wave inundation resistance.  

The Japanese researchers have developed integral 

bridges that are connected to the GRS block, 

significantly increasing bridge deck survivability, refer  

to Figure 13).

FIGURE 13 GRS integral bridge at Genshu for Kyushu Nagasaki Shinkansen route, after (Soga, 
et al. 2018)
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In Australia, discussion with practitioners indicated 

that “..once the patent for reinforced earth walls 

expired and before RMS [Roads Maritime Services] 

had a specification for RS walls [R75], several RS walls 

were constructed in NSW with geosynthetic straps. 

Unfortunately, on many of these projects (e.g. RS 

walls on the City West Link and the bridge on Victoria 

Road over James Ruse Drive) large wall deformations 

occurred. On James Ruse Drive the deformations were 

so large the bridge bearings were damaged and the 

joints on the drainage pipes opened up, so they leaked 

excessively and the pavement cracked badly. The RS 

walls on this bridge have been strengthened using soil 

nails and ground anchors with a concrete facing. It 

was determined that with our high temperatures and 

high radiant energy the straps near the facing get very 

hot and creep excessively. RMS Specification R57 still 

allows geosynthetic straps but I understand the design 

provisions for their use are so conservative that they are 

not really viable”, (Personal correspondence).

The Australian failures may relate to multiple issues. 

In all reviewed cases the geosynthetics were straps, not 

geogrids. Polymeric straps were a direct replacement 

In New Zealand, one of the early GRS bridge 

abutments was constructed in the early 2000s in Albany, 

to the north of Auckland, refer to Figure 15. The bridge 

structure was supported on piles, (refer Figure 2b). The 

abutment was made from concrete segmental blocks 

connected to uniaxial geogrids. Despite best practice at 

that time indicating that well graded granular soils, i.e. 

gravels, should be the preferred choice, the abutment 

was built with cohesive backfill, i.e. clay or silt. Cohesive 

materials are notoriously difficult to compact and prone 

to consolidation settlement. There were concerns over 

the stability of the abutments as the facing deformed 

after construction, but after a period of one and half 

years no further deformations were noted, indicating  

that the backfill achieved equilibrium. The structure 

continues to support State Highway 1 without any  

further distress. In this particular instance the choice  

of backfill appears to have been inappropriate,  

possibly combined with inadequate compaction near 

the face. Previous case studies clearly indicate the 

importance of granular backfills that can be appropriately 

placed and can advantageously interact with the  

geogrid reinforcement.

1.9 Case History 9 – GRS abutments in the U.S.A. 
Transfund (1998) summarises a study into the performance of five GRS structures which were 
subject to seismic loading during the Loma Prieta Earthquake in 1989.  All five structures were 
undamaged by the earthquake and to date remain in service.  

GRS abutment development over the past two decades in the USA focused on large scale testing 
(shake table results) and insitu monitoring of new built structures. (Helwany, Wu and Meinholz 
2012) reported shake table results with input motions of up to 1g, refer Figure 14. The abutment 
was found to be fully serviceable after being subjected to 1g of direct shaking, with facing blocks 
exhibiting minor cosmetic damage. 

 

Figure 14 Damage after seismic excitation large scale testing, after (Helwany, Wu and Meinholz 2012) 

Take Out: Large scale testing on shaking tables is corroborating numerical analyses, including full 
3D FEM and FDM, and field observations (seismic and long duration performance) 

1.10 Failures 
The development of design approaches and construction of GRS abutments were not without issues. 
Some of the very early structures constructed in Australia and New Zealand have exhibited 
deformations in excess of the design assumptions.  

In NZ, one of the early GRS bridge abutments was constructed in the early 2000s in Albany, to the 
north of Auckland, refer to Figure 15. The bridge structure was supported on piles, refer Figure 2b). 
The abutment was made from concrete segmental blocks connected to uniaxial geogrids. Despite 
best practice at that time indicating that well graded granular soils, i.e. gravels, should be the 
preferred choice, the abutment was built with cohesive backfill, i.e. clay or silt. Cohesive materials 
are notoriously difficult to compact and prone to consolidation settlement. There were concerns 
over the stability of the abutments as the facing deformed after construction, but after a period of 
one and half years no further deformations were noted, indicating that the backfill achieved 
equilibrium. The structure continues to support State Highway 1 without any further distress. In this 
particular instance the choice of backfill appears to have been inappropriate, possibly combined 
with inadequate compaction near the face. Previous case studies clearly indicate the importance of 
granular backfills that can be appropriately placed and can advantageously interact with the geogrid 
reinforcement. 

FIGURE 14 Damage after seismic excitation large scale testing, after (Helwany, Wu and Meinholz 2012)

 

Figure 15 Lucas Creek GRS Abutment on SH1 near Albany, showing excessive deformations of the segmental block facing 
occurring shortly after construction (G Stevens personal library)  

 

In Australia, discussion with practitioners indicated that “..once the patent for reinforced earth walls 
expired and before RMS [Roads Maritime Services] had a specification for RS walls [R75], several RS 
walls were constructed in NSW with geosynthetic straps.  Unfortunately, on many of these projects 
(e.g. RS walls on the City West Link and the bridge on Victoria Road over James Ruse Drive) large wall 
deformations occurred.  On James Ruse Drive the deformations were so large the bridge bearings 
were damaged and the joints on the drainage pipes opened up, so they leaked excessively and the 
pavement cracked badly.  The RS walls on this bridge have been strengthened using soil nails and 
ground anchors with a concrete facing.  It was determined that with our high temperatures and high 
radiant energy the straps near the facing get very hot and creep excessively.  RMS Specification R57 
still allows geosynthetic straps but I understand the design provisions for their use are so 
conservative that they are not really viable”, (Personal correspondence). 

The Australian failures may relate to multiple issues. In all reviewed cases the geosynthetics were 
straps, not geogrids. Polymeric straps were a direct replacement to metallic straps, attempting to 
introduce polymeric reinforcement to Reinforced Earth type walls. However, straps feature a very 
different soil interaction compared to geogrids. Straps are mechanically connected to the facing and 
transfer their loads via friction only into the backfill, whereas, geogrids strengthen the soil by 
provisioning tensile capacity via increased confinement achieved by dynamic interlock, refer to 
1.3above.  

Backfill appears to have been a local sand mix with few coarse particles. There are multiple failures 
of reinforced abutments in Australia related to sand backfill being either not sufficiently compacted 
or able to be washed out. One notable example is the Tallon Bridge failure. Collapse can be directly 
attributed to fine grained backfill washing out in flood events and causing a structural collapse of the 
abutment, refer to Figure 16. Note that the bridge was piled and suffered no ill effects, but the RECO 
abutment had to be completely rebuilt. 

FIGURE 15 Lucas Creek GRS Abutment on SH1 near Albany, showing excessive deformations of the 
segmental block facing occurring shortly after construction (G Stevens personal library) 
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whereas, straps connected to the facing are likely to 

have experienced significant daily temperature changes. 

It is not known what polymers were used in the bridge 

construction but some polymers are more affected 

by temperature than others. Whilst geosynthetic 

reinforcements received criticism, metallic reinforcements 

are not without issues, notably early onset of severe 

metallic corrosion from chlorides by environmental 

exposure or chemical composition of backfill.

In summary, the investigated failures have not been 

connected to geogrid reinforced abutments and clear 

design deficiencies were found, such as inappropriate 

backfill selection. Notably in the New Zealand example, 

it is questionable whether the choice of reinforcement 

would have made any difference, with metallic strips 

likely performing worse that geogrids in clay backfill.

7. OVERVIEW OF NEW ZEALAND STUDIES 
RELEVANT TO GRS ABUTMENTS 
Studies of GRS structures in New Zealand were carried 

out by Transfund New Zealand in 1998 and 2003 with the 

findings provided in Transfund Report No’s 123 and 239, 

respectively, (Murashev 1998) and (Murashev 2003). 

The first study conducted a literary review of 

international design methods and records of measured 

behaviour of GRS structures under static and seismic 

conditions with particular focus being placed on 

projects in USA and Japan (both featuring higher levels 

of seismicity), (Murashev 1998). The reports reviewed 

design, construction, and post construction records for 

GRS structures in New Zealand and compared predicted 

performance with actual observed behaviour under static 

and seismic conditions. The study found GRS structures 

to be cost effective compared to traditionally used 

retaining structures. 

The second study was conducted to prepare 

guidelines for design and construction of GRS structures 

in New Zealand, (Murashev 2003) particularly the 

design of reinforced walls and slopes. These structures 

are defined as special cases of soils reinforced with 

geosynthetics, walls being defined as mechanically 

stabilised earth (MSE) incorporating geosynthetic 

reinforcement having face inclinations between 60 and 

90 degrees from horizontal, and slopes being defined 

as being similar to walls but with face inclinations less 

than 60 degrees from horizontal. GRS abutments are not 

discussed in detail in the guideline. 

The current research indicated that there are few 

recognised and current guidance documents or codes for 

the use of GRS structures and abutments on Transport 

Agency’s projects. The information currently being relied 

upon by the Bridge Manual is considered to no longer be 

up to date with current technical knowledge.

8. ROADBLOCKS TO IMPLEMENTATION OF 
GRS ABUTMENTS IN NEW ZEALAND
Version 3 of the Bridge Manual describes MSE 

[Mechanically Stabilised Earth] systems as “relatively new 

materials with widely varying properties and a relatively 

to metallic straps, attempting to introduce polymeric 

reinforcement to Reinforced Earth type walls. However, 

straps feature a very different soil interaction compared 

to geogrids. Straps are mechanically connected to the 

facing and transfer their loads via friction only into 

the backfill, whereas, geogrids strengthen the soil by 

provisioning tensile capacity via increased confinement 

achieved by dynamic interlock, refer to section 4.3. 

Backfill appears to have been a local sand mix 

with few coarse particles. There are multiple failures 

of reinforced abutments in Australia related to sand 

backfill being either not sufficiently compacted or able 

to be washed out. One notable example is the Tallon 

Bridge failure. Collapse can be directly attributed to fine 

grained backfill washing out in flood events and causing 

a structural collapse of the abutment, refer to Figure 16. 

Note that the bridge was piled and suffered no ill effects, 

but the RECO abutment had to be completely rebuilt.

Design deficiencies to account for temperature 

effects which caused excessive deformations of the 

facing were also a potential factor. When straps were 

directly connected to the concrete panel facing, the 

temperature transferred into the strap and adversely 

affected the highly tensioned polymeric material. Creep 

or time dependent viscous-plastic deformations are 

highly temperature dependent. A small increase in 

temperature creates a disproportionate increase in creep 

deformations. Temperature effects should have been 

considered with the soil-strap reinforcement interaction. 

Notably geogrids exhibit relatively minor stresses at 

the facing connections, with principal stresses being 

distributed well within the soil body. Facing connections 

are not considered critical for overall stability in 

geogrid reinforced structures but they are critical for 

strap reinforcements irrespective of whether metallic 

or polymeric. Temperature of the soil mass remains 

constant and records indicates that it is significantly 

lower than air temperature. Soil mass temperature of an 

abutment or retaining wall, is not directly affected by 

the daily temperature changes and remains constant, 

FIGURE 16 Tallon Bridge failure by backfill washout 
(G Stevens personal library)
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•   Geogrids and their in-soil performance are not well 

understood and are stigmatised by past failures that 

arguably were not related to them.

•   The first generations of geosynthetic reinforcements, 

mainly made from HDPE with significant amounts 

of amorphous polymer structures, did exhibit creep 

at higher stress levels – this was seen as a negative 

material behaviour, despite operational stress levels 

being well below any Sherby-Dorn2 instability levels, 

as materials were characterised at rupture strain levels 

rather than actual operational strain levels. 

9. DESIGN FRAMEWORKS
The following sections review international design 

approaches for GRS abutments and draw out the key 

issues that need to be considered in New Zealand. 

Geotechnical engineering design practice, for the most 

parts, utilises Limit Equilibrium approach. This approach 

often conflicts with structural engineering design, where 

Limit State design is the norm. 

With respect to the introduction of geogrid reinforced 

structures into modern Civil Engineering practice 

during the 1970’s, the design methods were based on 

established Limit Equilibrium approaches, (McGown 

and Ozelton 1973). Many of these early design methods 

utilised a number of empirical assumptions and large 

Global Factors of Safety were introduced to ensure 

that collapse did not occur, (Holtz and Massarsch 1976). 

Despite this, the design outcomes were still generally 

more economic than other geotechnical solutions 

available at that date. As a result, GRS structures were 

rapidly accepted (Jarret, Lee and Riddell 1977).

In the 1990’s, the Limit State design approach system 

was developed in geotechnical engineering. This involved 

fundamental changes in the basic design philosophy 

from previous Limit Equilibrium approaches. Calculations 

of deformations or strains within the reinforced soil 

mass were introduced as an important design criterion, 

rather than strength of the material. In the beginning 

of the first decade of the 21st Century, national and 

international design codes and methods employed in the 

design of GRS were seeking to implement the Limit State 

design approach. However, in most cases Partial Factors 

in combination with Global Factors of Safety were 

introduced, to ensure that design outcomes were close 

to those based on the Limit Equilibrium design codes 

and methods. Thus, the possible improvements and 

economies to be derived from designs employing the 

Limit State approach were not being achieved, (McGown 

2000) and (Bathurst 2014).

Whilst most countries adopted Limit State principles, 

many design approaches still utilise earlier design 

evolutions. Accordingly, great care is needed to adopt 

design codes in New Zealand on the basis of designs 

developed in other parts of the world. In contrast, 

countries like Australia and New Zealand can greatly 

2  Plot showing creep strain rate versus applied stress, indicating 

instability ranges where strain rate accelerates to failure

limited history of application and proven performance” 1. 

Version 3 of the Bridge Manual was the first version to 

include an acceptance process for MSE – in response to 

the rapid development of the technology which occurred 

during the 1990s and early 2000’s. MSE structures in 

the context of the Bridge Manual are all reinforced soil 

structures, with metallic or geosynthetic reinforcements. 

In recent years, common application for MSE 

structures on infrastructure projects in New Zealand have 

been in reinforced embankments and reinforced slopes. 

A natural development in the use of this technology 

is to explore the use of reinforced abutments in New 

Zealand. The Bridge Manual v3.3 currently does not 

allow ‘extensible’ reinforcement for use in abutments. 

Under the Bridge Manual only metallic reinforcements 

are permitted in bridge abutments directly supporting 

bridges, (refer to Figure 2c).

Despite the fact that there is a project specific 

Departure Process under the Bridge Manual that would 

potentially allow for these structures; this process is 

not preferred by designers and contracting partners as 

it presents a risk of noncompliance, creates potential 

conflict with peer reviewers and can be time consuming 

to prepare and get approval for.  

The fact that GRS abutments are specifically 

excluded in Waka Kotahi guidance documentation 

makes them a difficult choice to adopt by designers and 

peer reviewers, even outside Waka Kotahi’s projects as 

most councils also rely on the Bridge Manual for council 

vested roading projects. 

The inability to use GRS abutments for Waka Kotahi 

projects creates pinch points. For starters there is 

only one product type and supplier in the market; 

the Reinforced Earth Company (RECO) using metallic 

(inextensible) reinforcements as defined in the Bridge 

Manual. 

GRS abutments structures, for all intents and purposes 

do appear to work, and international experience suggests 

that they technically and economically outperform 

traditional abutment structures, (Morsy and Zornberg 

2017) and (Zheng, et al. 2017). So why are practitioners 

not designing these structures, and clients not 

demanding them?

Discussions with designers, Waka Kotahi subject 

matter experts, suppliers, contractors and academic 

researchers indicated:

•   Lack of knowledge on how GRS abutments work, 

including reluctance by bridge designers to use ‘novel’ 

design and construction approaches. 

•   Specifiers fear that changes to the overall design 

framework may have unintended consequences, 

affecting well established designs that have worked 

for the past decades.

1 This is ironic since structures using polymeric materials were 

successfully built since 1960’s, and Ziggurats in Mesopotamia that used 

reeds are well over 6,000 years old (and still standing, despite multiple 

attempts to destroy them, including the latest attempt by the US Army 

in 2003 at the City of Ur)
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2018). Limit State design is considered the current best 

practice with Limit Equilibrium or Hybrid approaches 

being mothballed (but still very much around). The 

design of GRS abutments should be undertaken using 

Limit State principles, especially seismic design. This 

would align New Zealand design with international best 

practice. Refer to Figure 17.

Geogrid materials should have a long-term 

performance record, but creep elongation for modern 

materials is of a lesser consideration as the characteristic 

design strength is determined at low elongations (<2% 

strain). Structural monitoring of GRS abutments indicated 

that strains developed under operational conditions are 

significantly smaller, often 0.2 to 0.5%, than those used to 

determine the material characteristic strength at rupture 

with strain levels often exceeding 5%, (Abu-Hejlah, et al. 

2000), (Abu-Hejleh, et al. 2002), (Bathurst 2014), (Detert 

and Thomson 2013), (Herold 2005), (Tatsuoka, Uchimura 

and Tateyama 1997), (Uchimura, et al. 2004), and (Van 

Duijnen, et al. 2012). Most modern geogrids show small or 

negligible creep elongations at operational stress levels.

Soil has to consist of geotechnically competent 

materials, generally well graded granular angular fill 

with high crushing resistance, able to be consistently 

compacted well in excess of 98% of its Maximum Dry 

Density at or very near its Optimum Moisture Content. 

Composite behaviour between the geogrid and the 

backfill is achieved by a combination of reduced 

benefit from research and design development elsewhere 

and manage their design standards to achieve safe and 

economic highway structures without replicating efforts 

made elsewhere.

Advanced seismic design is only practiced by a few 

countries in the world, especially considering strong and 

prolonged earthquake shaking (>0.35g for >20sec). Any 

design approach adopted in New Zealand will need to 

include provisions of state-of-the-art seismic design.

10. DESIGN CONSIDERATIONS
Geotechnical design approaches developed in the past 

decade in North America and the European Union 

shifted to full Limit State design to align geotechnical 

and structural design and achieve satisfactory soil-

structure-interaction [SSI]. New Zealand geotechnical 

practice has readily adopted US and European based 

design methods, as most European and US geotechnical 

design guidance documentation is freely available and 

in English. 

The latest and currently considered the most 

advanced GRS abutment design guidance,3 was 

published in 2018 by the US Department of Transport. It 

details the design for integrated bridge systems and non-

integrated bridges, (US Department of Transportation 

3  Based on discussions with geosynthetics manufacturers, leading 

researchers and suppliers

FIGURE 17 Summary of important considerations for GRS abutments
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11. NEW ZEALAND DESIGN GUIDANCE
The current Waka Kotahi design guidance for bridge 

structures on their roading networks is given in the 

Bridge Manual. The current version (V3) was issued in 

2013 by the New Zealand Transport Agency, setting out 

the criteria for the design and evaluation of bridges for 

use on State Highways. Due to lack of other guidance 

documentation or standard codes of practice in New 

Zealand, it forms the basis for design for bridge works 

elsewhere in New Zealand. Version 3 was the first 

to include an acceptance process for mechanically 

stabilised soil using geosynthetics. Amendments were 

subsequently introduced, with Version 3.3 current as 

of October 2018. Most of the revisions were aimed at 

seismic design of bridge structural systems.

11.1 BRIDGE MANUAL V3.3
The Bridge Manual (BM) contains only three (relatively 

brief) pages on the specification of material properties 

and design outcomes relating to GRS abutments. 

BM 3.3 Section 6.8.1 sets out requirements for GRS 

and geosynthetic product approval, (Waka Kotahi Oct 

2018). Approval to use geosynthetics in abutments is at 

the discretion of SMEs (subject matter experts) at Waka 

Kotahi. An approval process is necessary to provide a 

spacing, as well as high quality, well-compacted backfill 

specifications and consideration for facing stiffness. 

Vertical spacing of the geogrid layers, especially near 

the bank seat, are recommended to be about 250 to 

300mm and 450mm to 600mm in the main soil body. 

Facings are not considered structural elements and 

are provided as a means of confinement for compaction 

and to prevent loss of material, and are selected based 

on project durability, maintenance needs, aesthetics 

and other requirements. This allows for wrap around 

construction with false (non-structural) cladding, 

common in Japan. 

Mechanical connection of the geogrid to the facing is 

not necessary, as the lateral earth pressures at the face of 

a GRS mass is not significant and a connection failure is 

not a critical failure mode. 

External stability of the GRS abutment must be 

verified against possible failure modes including sliding, 

bearing resistance and global stability, especially 

considering seismic actions. Overturning is not 

considered a possible failure mode due to the  

restraint from the bridge superstructure and abutment 

geometry. Internal stability checks include bearing 

resistance, deformation, settlement and required 

reinforcement strength. 
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and could be very loosely interpreted as ULS [ultimate 

limit state] and MCE [maximum credible event] – 

both are important seismic performance limits states 

ensuring service provision on the roading network.

•   Changes to Section 6 of the Bridge Manual to permit 

‘extensible’ reinforcements used in abutments, subject 

to satisfactory deformations being maintained. Terms 

‘extensible’ and ‘inextensible’ are defined in BM 3.3 

Section 6.6.8 and refer to ‘inextensible’ (usually 

steel) or ‘extensible’ (usually geogrid) reinforcement, 

and it is considered to be an archaic way to classify 

materials.

•   Updating the Bridge Manual geotechnical reference 

documentation, listing relevant design documentation 

for MSE structures in general, and GRS abutments 

in particular. This section would need to be updated 

to reflect design guidance using the Limit State 

approach.

•   Definition of load and resistance factors for GRS 

abutments and MSE structures in general.

•   Definition of MSEW (mechanically stabilised earth 

walls) and RSS (reinforced soil slopes), while 

independent from GRS abutments, and changes to 

design framework these structures.

The above amendments would be aimed to update critical 

references and allow designers to use GRS abutments 

within the design framework of the Bridge Manual. 

However, as GRS abutments are considered a specialist 

design discipline, steps will need to be taken to ensure 

satisfactory design outcomes, including the selection of 

peer reviewers knowledgeable and experienced with GRS 

abutments and close supervision of the designs by the 

Waka Kotahi SMEs and industry experts. 

11.3 LONG TERM AMBITIONS
Over the longer term, the industry should focus on 

developing New Zealand specific case studies and 

capturing experience in construction of these structures 

by contracting partners of Waka Kotahi. While initially 

GRS abutments may only be proposed for single span 

bridges (simple structures), more complex structures are 

likely to benefit. 

A review of Japanese case studies is highly 

recommended, especially collaboration with Prof 

Tatsuoka’s group at Tokyo University that lead the 

seismic design of GRS abutments used on major public 

infrastructure, including most bullet train bridges in high 

seismic areas and tsunami inundation zones. At the same 

time Prof Zornberg’s team at the University of Texas has 

made important contributions to state-of-the-art design 

and their input is seen to be critical to implement a full 

Limit State design and appreciate the soil-structure 

interaction between the bridge superstructure and the 

reinforced ground.

GRS abutments could offer significant advantages 

in the D&C [design & construct] space where cost 

effective, smart and fast solutions are needed 

and enable cost and programme savings. It is not 

framework within which an application can be made 

in an efficient manner, and which safeguards the Waka 

Kotahi’s approach to the delivery of quality infrastructure 

works that equal or exceed global standards. The 

approval process set out in the Bridge Manual is unique 

to geosynthetic materials. 

Reduction factors applied in the design shall be as the 

manufacturer / supplier recommends, or a combination 

of the manufacturer / supplier recommendations and 

default values recommended by NZTA research report 

No. 239. Noting that this report No. 239 is at the time of 

writing almost 20 years out of date, and refers to Limit 

Equilibrium and Hybrid design approaches. The author 

notes that all design values derived by this approach 

should be considered with great care within a Limit State 

design framework as they may not be appropriate.

BM 3.3 Section 6.8.2 further sets out requirements for 

GRS material properties and performance, quality control 

procedures, and design factors. The manual requires the 

use of integrally connected polymer reinforcement with 

apertures that permit ‘significant’ mechanical interlock 

with the surrounding soil or rock. A 100-year design life 

is required. 

BM 3.3 Subsection 6.8.3 sets out requirements for 

quality assurance and index properties of GRS materials 

to demonstrate compliance with the values identified in 

the Transfund New Zealand Research Report No. 239. 

Transfund New Zealand Research Report No. 239 (as 

referenced under BM 3.3. Subsection 6.8.2 of the Bridge 

Manual) published in 2003 provides guidelines for design 

of GRS walls and GRS slopes including design examples. 

Design of GRS walls and slopes considers internal and 

external stability considerations for static and seismic 

loading conditions. Pseudo-static stability methods are 

used to verify internal stability under seismic loading. 

Although GRS abutments are identified in the report no 

specific design guidance for GRS abutments is provided.

11.2 AMENDMENTS
This study indicated that the following items could be 

included in a future revision of the Bridge Manual to 

include GRS abutment design:

•   Definition of terms is to be updated to define earth 

slopes and earth retaining structures, including 

geosynthetic reinforced slopes and walls. This 

amendment would bring the Bridge Manual in 

line with other international codes and guidance 

documents and sets the scene for geotechnical 

design. FHWA guidance for example matches 

geotechnical design with established structural  

bridge design.

•   Clarification of performance criteria, e.g. permissible 

settlement of an abutment. This amendment would 

set standards and limits for displacement criteria, 

including clarification of post construction settlement 

and settlement at various performance limits, namely 

SLS [serviceability limit state], DCLS [damage control 

limit state] and CALS [collapse avoidance limit state]. 

DCLS and CALS are terms specific to Bridge Manual 
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•   Ductility of GRS structures is generally not considered 

by current design methods, however, as they are 

‘flexible’ structures they will exhibit ductile behaviour. 

•   Integral bridge-abutments were pioneered in Japan 

and were extensively used on the recovery of coastal 

transport corridors after the March 2011 Earthquake 

and Tsunami. These systems were designed to be 

extremely resistant to strong and prolonged seismic 

shaking and inundation from flood waters, including 

overtopping.

This study did identify a number of roadblocks affecting 

geosynthetic MSE structures and GRS abutments in 

particular. However, changes to the Waka Kotahi Bridge 

Manual and updating of the relevant supporting guidance 

documentation to the latest state of knowledge can be 

considered straight forward as there are international 

precedents. 

13. CONCLUSIONS
The findings from the literature review clearly indicated 

that GRS abutments do work, and they are able to 

significantly outperform conventional bridge support 

structures. This applies internationally and there are no 

apparent reasons why it would not apply on the New 

Zealand roading and rail networks. 

Whilst, the above work focused on Waka Kotahi, who 

have the responsibility for the State Highway network, 

it is anticipated that once GRS structures are included 

in the Bridge Manual, local roading authorities will 

most likely start to use these structures. Cost conscious 

clients that do not depend on the Bridge Manual design 

guidance, including mine operators, already utilise GRS 

abutments to support their bridges, in some instances 

to support significant traffic loads from mining 

operations. 

In summary, the overall goal arising from this work is to 

focus on communication and education of practitioners 

and contracting partners to ensure that implementation 

of innovative and new construction methods is executed 

without excessive design and construction risks, at lower 

costs than conventional approaches.
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Where is your hypothesis
Geology, risk, hypothesis, model, investigation

Dan Sandilands, Aurecon

INTRODUCTION
First of all, what is a hypothesis? You might remember 

writing a hypothesis in high school chemistry class or a 

science fair, like ‘will chilling an onion before cutting it 

keep you from crying’? As defined by Google Dictionary 

(Oxford Languages), a hypothesis is ‘a supposition or 

proposed explanation made on the basis of limited 

evidence as a starting point for further investigation’. 

It should explain what you anticipate, be easily 

understandable, and be testable.

So, what does a hypothesis have to do with our 

geotechnical and geological work? Well, quite a lot 

it turns out. When undertaking a site investigation or 

geotechnical assessment, it is fundamental to have a 

hypothesis. Otherwise, how do we know what we are, 

and are not, meant to be looking for. We are much more 

likely to misinterpret the ground conditions if we don’t 

have a hypothesis. Misinterpretation of ground conditions 

is our biggest risk and is the most common reason for 

liability claims made against geotechnical engineers 

(Lucia et. al. 2017).

STATE OF PLAY
I have written this piece, because in my view most 

geotechnical projects are lacking a hypothesis and have 

room for improvement in this space. I believe that often 

ground models1 are not reviewed critically during design. 

It is all too easy to focus on the geotechnical engineering 

facets of a design, this calculation or that, when the 

ground model is clearly illustrated on cross sections and 

plans subdividing a block coloured stratigraphy using 

discrete lines. It is also very difficult to see beyond a 

cross section, to understand the potential for different 

ground conditions and incorporate that risk prudently 

into the design. 

A robust hypothesis developed at the start of the 

project, to refine and challenge over the project lifecycle 

will help form a better ground model and manage 

project risk. Note that a hypothesis can be similar or 

analogous to a conceptual engineering geological model 

(Parry et. al. 2014). 

1 Or geological or engineering geological model depending on which 

terminology you prefer.

Dan Sandilands
Aurecon
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Figure 2. These mechanical interpretations seem to be 

common across our profession, noting that curved lines 

can be mechanical too, not just straight ones. 

•   The green line and to a slightly lesser extent the red 

line, has a hypothesis developed at the outset and 

a rigorous desktop study has been completed. The 

hypothesis is challenged during the investigation 

process and the physical investigation results are 

integrated with the hypothesis (conceptual model), to 

build the observational model used for design. This is 

practically the reverse of the process followed by the 

blue line and is significantly more robust i.e. ‘fitting’ 

the investigation results within the conceptual model 

framework as opposed to fitting the model to the 

investigations.

Figure 1 depicts three trend lines for the development 

of site geological knowledge over the basic stages of a 

project.

•   The blue line I think shows the typical process in 

New Zealand. There is no hypothesis developed at 

project commencement, limited desktop study and 

only a brief site walkover where little site observations 

are recorded. The (observational) ground model 

developed for design therefore heavily relies on, and is 

essentially fitted to suit the results of physical ground 

investigations, such as boreholes, Cone Penetration 

Tests etc. This is a key pitfall, because somewhat blindly 

fitting the model to the investigation results might not 

necessarily make geological sense. This could result 

in a ‘mechanical’ interpretation such as that shown in 

 

 

 
Figure 1: Development of site geological knowledge over the basic stages of a project. Reproduced from Fookes et. al. 
(2015). 

 

 
Figure 2: Example of a mechanical interpretation (upper section) by somewhat blindly fitting the cross section to the 
investigation data, and a more realistic interpretation (lower section) by integrating the investigation data with geological 
concepts. Reproduced from Baynes et. al. (2020). 

FIGURE 1: Development of site geological knowledge over the basic stages of a project. 
Reproduced from Fookes et. al. (2015).
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HOW TO DEVELOP A GOOD HYPOTHESIS
I’m no expert on geology or conceptual models, but here 

are some ideas:

•   Undertake a thorough desktop study. What is the 

regional geological setting? Consider geomorphology 

and not just geology maps, look at soil maps too. 

Review historical photos, it is easy to make stereo-

photos using freeware. Retrolens.nz is a great  

resource for historical vertical aerials, so are sources 

such as the National Library of New Zealand for 

historical oblique aerials.

•   Learn about geological concepts and processes, to be 

able to define more realistic subsurface profiles. I keep 

a personal library of photos of soil and rock exposures 

for reference. 

•   Consider the conditions we can anticipate  

(Skipper, 2017):

– Environments of deposition

–  Post depositional changes (chemical, biological, 

gravity)

– Tectonic (faulting, uplift)

–  Quaternary changes e.g. sea level rise  

and fall downcutting and infilling  

paleochannels, temperature changes, erosion, 

slope failures

–  Anthropocene effects such as construction, 

earthworks, agriculture

NEED MORE CONVINCING?
a)  An insurance company in the US undertook a study 

of liability claims against geotechnical engineers, over 

the 25 year period from 1988 to 2013 (Lucia et. al. 

2017). The main findings were: 

–  Out of 1500 total claims against engineering 

companies, 897 were for geotechnical 

engineering.

–  The majority of claims against geotechnical 

engineers related to site investigation and 

inadequate site characterisation, accounting for 

56% of the total loss severity ($69.4M of the 

total $124.1M from the 897 claims). The study 

states that these claims originate primarily from 

‘incorrect characterisation of the subsurface 

stratigraphy (including missing a geologic 

feature), groundwater conditions, and the 

associated engineering properties of each layer’.

–  The critical recommendation made by the study 

to mitigate geotechnical risk and demonstrate 

that ‘standard of care’ is met, is to develop a 

hypothesis of the expected site conditions prior 

to physical site investigations, based on desktop 

study information.

b)  Over 80% of 71 major tunnel failures worldwide which 

occurred between 1964 and 2015 were attributed to 

unexpected geological or hydrogeological conditions 

(Hong Kong geotechnical engineering office 2015).

 

 

 
Figure 1: Development of site geological knowledge over the basic stages of a project. Reproduced from Fookes et. al. 
(2015). 

 

 
Figure 2: Example of a mechanical interpretation (upper section) by somewhat blindly fitting the cross section to the 
investigation data, and a more realistic interpretation (lower section) by integrating the investigation data with geological 
concepts. Reproduced from Baynes et. al. (2020). 
FIGURE 2: Example of a mechanical interpretation (upper section) by somewhat blindly fitting the cross section to the investigation 
data, and a more realistic interpretation (lower section) by integrating the investigation data with geological concepts. Reproduced 
from Baynes et. al. (2020).
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The third approached the animal,

And happening to take

The squirming trunk within his hands,

Thus boldly up and spoke:

“I see,” quote he, “the elephant

Is very like a snake!”

The fourth reached out an eager hand,

And felt about the knee.

“What most this wondrous beast is like

Is mighty plain”, quote he;

“Tis clear enough the elephant

Is very like a tree!”

The fifth who chanced to touch an ear,

Said “E’en the blinded man

Can tell what this resembles most;

Deny the fact who can

This marvel of an elephant

Is very like a fan!”

The sixth no sooner had begun

About the beast to grope,

Than, seizing on the swinging tail

That fell within his scope,

“I see”, quote he, “the elephant

Is very like a rope!”

And so these men of Indostan

Disputed loud and long,

Each in his own opinion

Exceeding still and strong,

Though each was partly in the right,

And all were in the wrong!
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hazards: how does the ground get to be ‘unexpected’?

•   Illustrate or write down your hypothesis and 

concepts. Don’t keep it locked up in your mind, 

you’d be surprised of the gaps and improvements 

only noticeable once it is down on paper. Drawing a 

conceptual cross section or block diagram without 

any ground investigation data will force in-depth 

brainstorming.

•    Justify the physical ground investigations and 

laboratory testing, by type and location. For example, 

create a table with proposed scope in the left side 

column, and purpose of scope in the right side 

column.

•   Communicate geological and geotechnical risks 

associated with the hypothesis to the project team 

using the help of pictures.

•   Involve both engineering geologist and geotechnical 

engineer on projects to bridge the knowledge gap, 

and ensure collaboration between the two. What does 

the engineering geologist want to know? How does 

that relate to the goals of the geotechnical engineer 

and vice versa? Apply perspective, what part of the 

ground do we want the hypothesis to focus on, this 

will likely depend on the type of project, whether a 

subdivision, bridge, building, tunnel, or something else.

CONCLUSIONS
To finish, the story of The Blind Men and an Elephant is 

shared below, from the John Godfrey Saxe (1816-1887) 

poem of ancient Indian story. It is about a group of 

blind men who have never seen an elephant, and must 

conceptualise the shape of the elephant by touch. This 

is a pertinent metaphor for the obscured lens through 

which engineering geologists and geotechnical engineers 

see the earth. To me it also highlights the importance 

of experience and teamwork, to manage risk and help 

practitioners avoid mistaken deductions.

It was six men from Indostan 

To learning much inclined,

Who went to see the elephant

(Though all of them were blind),

That each by observation

Might satisfy his mind.

The first approached the elephant,

And happening to fall

Against his broad and sturdy side,

At once began to bawl:

“God bless me! – but the elephant

Is very like a wall!”

The second, feeling of the tusk,

Cried, “Ho, what have we here

So very round and smooth and sharp!

To me ‘tis mighty clear

This wonder of an elephant

Is very like a spear!”
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Questions from Chile
Below are a series of questions put to Laurie Wesley by Rafael Iglesies, 
with Laurie’s responses. The Editors thank Laurie for sharing these 
thoughts and insights, they make interesting reading!

Laurie Wesley

1. In many parts of Chile we can easily find high-rise 

residual soil slopes right next to highways and roads. In 

multiple documents you comment on the importance 

of visual inspection in the stability analysis of this type 

of slopes. What are the most important indicators to 

observe in the field to assess the stability of these 

types of slopes? What visual indicators may warn us 

that the analyzed slope is susceptible to a landslide 

or to some type of damage? What is your assessment 

of the future of analytical procedures for evaluating 

residual soil slope stability?  

I doubt that analytical analysis will ever have more than a 

minor role in assessing the stability of slopes in residual 

soils for the following reasons:

•   Residual soils are seldom homogeneous so it is 

not possible to determine reliable shear strength 

parameters

•   The seepage state in residual soils usually changes 

with the seasons and the weather, and the worst 

condition can only be guessed at. It is possible to 

create a worst seepage state using a programme like 

SeepW and assuming the rain falls long enough to 

establish a steady state seepage condition. This is 

likely to be excessively conservative.

•   Careful visual inspection is always the most reliable 

guide, and examining the geology and aerial 

photographs, if available also provide useful information. 

The following is an interesting observation of Terzaghi:

 “However, as soon as we pass from steel and concrete 

to earth, the omnipotence of theory ceases to exist. 

In the first place, the earth in its natural state is never 

uniform. Second, its properties are too complicated 

for rigorous theoretical treatment. Finally, even 

an approximate mathematical solution of some of 

the most common problems is extremely difficult” 

(Terzaghi, 1936).

Regarding evidence of instability or potential instability 

from visual inspection, it depends whether the slope is a 

natural hillside or a cut slope. If it is a natural slope it is the 

shape of the surface that indicates whether or not a slip 

has occurred in the past. If the slope is smooth without 

unexplained irregularities it is unlikely to have had instability 

in the past. If its surface is uneven with humps or hollows 

these are likely to have resulted from past slip movement. 
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One last comment is that if I wished to improve my 

competence in assessing the stability of natural slopes, 

I would not be taking a course in constitutive modelling 

or any other form of theoretical analysis. Instead I would 

be taking some papers in geology, as understanding the 

geology of a site is always valuable for whatever project 

you are planning.

 

2. Throughout your career as a geotechnical engineer, 

which has been the most challenging project you 

have ever worked on? Could you briefly explain the 

difficulties you had to face, and how you solved them?

In 1982 I was asked to go to Malaysia to produce a 

proposal for remedial work on a large number of cut 

slopes on a major highway between the capital, Kuala 

Lumpur, and a place called Karak. The four lane highway 

was not very old and had been built to a high geometric 

standards which meant that a large number of very 

high cut slopes were made, some as high as 70m. The 

material was mostly highly weathered granite soil at 

surface, and the usual deep weathering profile below 

that. I was given two weeks to examine all the major cuts, 

which I recall were over fifty, and produce my report. I 

was supplied with a car and driver, as well as a technician 

to hold one end of a tape plus an Abney level for 

measuring slope inclinations. I was young and fit in those 

With cut slopes the situation is quite different. If a cut 

is being planned for a specific project, it is generally the 

case that some cuts have already been made in that area. 

Inspection of those cuts is then the most useful source of 

information with which to plan future cuts. The inspection 

does two things. Firstly, it tells you about the height and 

inclination of existing stable cuts. and secondly it provides a 

picture of the local geology. 

I have been involved with assessing the stability of 

cut slopes on roads in Malaysia and Indonesia. The only 

useful guidance on this issue at the time was an excellent 

paper written by a British geologist in 1968. (Bulman, 

1968). The paper is based on inspections of a very large 

number of highway cuttings and provides guidelines for 

selecting slope angles in a range of geological materials. 

It appears that it is still the best available guide for 

highway planners in Malaysia. Indonesia’s soil types are 

very different from those in Malaysia, and a similar study 

would be very useful in Indonesia. In other words, studies 

of this sort are vastly more useful than analytical analysis. 

Unfortunately, universities do not encourage studies of 

this sort, as resulting papers are unlikely to be accepted 

by prestigious journals. 
Bullman, J.N. (1968) A survey of road cuttings in Western Malaysia. 

Proceedings First Southeast Asian Regional Conference on Soil 

Engineering, Bangkok, 1968

210mm wide x 148mm high

MCMILLAN
DrillingGROUP

Established since 1947, 
McMillan’s have steadily 
grown to become one of 
New Zealand’s largest 
and leading multifaceted 
drilling companies. 

www.drilling.co.nz

South Island
Phone: +64 3 324 2571 
Fax: +64 3 324 2431 
email : admin@drilling.co.nz 

North Island 
Phone: +64 9 238 5138 
Fax: +64 9 238 5132 
email : admin@mcdni.co.nz 

16HM
DG20161110

Creating tailored innovative 
foundation solutions

explore, strengthen, sustain

Ensuring the accurate assessment 
of complex ground conditions

including ultra-sensitive 7.5MPa range 
and high capacity 15cm2 CPT cones

sCPTu + sDMT



TECHNICAL

NZ GEOMECHANICS NEWS • DECEMBER 202190

days so had little difficulty climbing or “scrambling” to 

the top of the cuts. The photo below shows a typical cut 

slope about 70m high. This was a double cutting, so I 

took this photo from halfway up the cut on the opposite 

side of the road. 

The photo clearly shows that the main problem was 

erosion rather than slope stability. I learnt from that job 

that weathered granite is normally highly erodible. So 

1.5 or 2.0
1.0

Original ground
     surface 

Large open 
  cut-off drain

Soil

“rock” 

Face to be protected
  with shotcrete

New cut to be protected 
   with vegetation

ABOVE A typical cut slope on the highway, showing severe erosion and a shallow surface slip

BELOW My proposed remedial measures shown diagrammatically.

my problem was what to do about it. I soon made some 

Important observations. In particular it appeared that the 

lower part of each slope was behaving rather more like a 

rock than a soil. It appears that the designers made this 

assumption as the cuts were much steeper at their base 

than higher up. However, all the material seemed to be 

equally highly erodible. So I decided as follows

•   A judgement would have to be made as to the level 
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4. What are you currently working on, and how has 

been the last year considering the Covid situation?

I think the best answer is that I am currently working on 

enjoying being retired. On 2 Sept I will be 85 and my wife 

and I will celebrate our Diamond Wedding Anniversary 

(60 years).

However, I still get asked to do various consulting roles 

and, if they are interesting and in my field, I usually can’t 

resist taking them on. Having said that I remind myself 

always that there are more important things in life than 

geotechnical engineering, especially at my age. The 

Covid situation in New Zealand had a big effect during 

the 7 weeks of our severe lockdown in March-April last 

year. Since that time, we have lived normal lives except 

that we cannot travel overseas and people cannot visit 

New Zealand. 

 

5. Looking back, can you tell a specific moment or a 

turning point in your career that led you to become a 

Geotechnical Engineer? Is there any message or advice 

that you could give to the new generations of Chilean 

Geotechnical engineers?

Soon after graduating I went to Indonesia under 

a Volunteer Scheme to work for the Indonesian 

Government. I was assigned to their Institute for Soil and 

Highway Investigations. The Institute had been set up by 

the Dutch when Indonesia was The Dutch East Indies, 

and it was well set up with both laboratory and field 

testing equipment but when I went there in 1960 it was 

desperately short of staff. The result was that I played 

a key role in the institute for four years and I found 

the work so interesting that I settled for geotechnical 

engineering as a career. When I began work there, the 

below which the material could be treated as rock and 

above as soil 

•   The rock part could then be “tidied” up a bit by filling 

in the erosion channels and then faced with shotcrete 

to prevent further erosion.

•   The only feasible way the “soil” could be protected 

was to cover the face with vegetation. To do this 

the slope would need to be flattened to 1V to 2H or 

possible 1V to 1.5H. I was not knowledgeable enough 

in this area to make a firm judgement. 

•   A wide “bench” was to be made at the boundary 

between the rock and the soil, so that a large lined 

permanent cut off drain could be placed here.

The diagram (left) shows my concept. The contractor 

my report was prepared for did not get the job, but the 

contractor who was given the job apparently did what 

my report recommended.  

 

3. In 2019 you published the book: “The Bishop Method: 

The life and achievements of Professor Alan Bishop, soil 

mechanics pioneer”. What has been the reception of 

the community? Could you briefly tell us what we can 

learn by reading the book? How would you describe 

Professor Bishop’s influence on your career?

Re your first question, I have no categorical answer here as 

it depends on the person. Some people, including me, have 

a natural interest in the past, while other have no Interest at 

all. I have had very positive reviews of the book, mostly by 

soil mechanics people, but last year the publisher sent me 

a review by a structural engineer who did not know Bishop 

or me. I will send it as a separate attachment.

Re your second question you will learn that Bishop 

played a critical role in sorting out how to measure the 

shear strength of soil and how to apply the results of 

measurements to practical situations, especially the stability 

of slopes. In effect, he settled the questions about the shear 

strength of cohesive soils that Terzaghi had addressed but 

failed to answer. One reviewer (Mick Pender) commented 

that Part 2 of the Bishop biography would provide a good 

basis for a course in basic soil mechanics

Re your third question, Bishop’s lectures for the one 

year M.Sc(Eng) degree in 1964-65 straightened out my 

confused understanding of total stress and effective 

stress analysis. I did my undergraduate degree in the 

1950s when Bishop was leading the way to providing a 

clear answer to this issue. Geotechnical engineers would 

benefit from reading his 1960 paper with Bjerrum:
Bishop and Bjerrum “The relevance of the triaxial test to the solution of 

stability problems” ASCE Research Conference on Shear Strength of 

Cohesive Soils, Boulder, 1960 

I should add also that reading my textbook 

“Fundamentals of Soil Mechanics for Sedimentary and 

Residual Soils” will, hopefully, be more use technically 

than reading the Bishop biography. At present I am 

helping my good friend, Omar Nunez. produce a Spanish 

edition of that book. Omar is doing the translating I am 

just helping with the figures. 

ABOVE A CPT test being carried out for a new 
bridge in Sumatra Indonesia. 
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only countries that used the CPT test were Holland, 

Belgium and Indonesia, so I learnt very quickly what a 

useful tool the test was. All the devices in use at that 

time were mechanical devices. Regarding advice to 

Chilean geotechnical engineers, I will include this in my 

answer to your Question 7. 

6. In comparison with other areas of civil engineering 

(such as hydraulics, mechanical, or structural 

engineering), Geotechnical Engineering is a very 

young discipline. What would you say has been the 

most significant advancement or breakthrough in 

Geotechnical Engineering during the last 20 years?

My view is that the golden years in the development 

of Geotechnical Engineering were in the 1940s to 

the 1960s, when soil mechanics established a sound 

understanding of the shear strength of cohesive soils 

as described above in my comments about Bishop. I 

doubt that there are any dramatic breakthroughs still to 

be made except possibly in the issue of soil liquefaction 

during earthquakes. However, there have been steady 

and very useful advances made in construction methods. 

Reinforced earth, soil nailing, diaphragm walls, and 

piling methods come to mind. I suppose the advent 

of the computer has been beneficial to geotechnical 

engineering, but I have serious reservations about that. 

 

7. What do you think of the newest advancements in 

Geotechnical Engineering? Do you think we may be 

approaching to a turning point, especially regarding 

new technologies such as artificial intelligence (AI)? 

How do you predict or expect Geotechnical engineering 

will evolve?

This is a rather broad question, and I will answer it in 

general terms. I do not think we are at a turning point, 

or if we are it may well be the wrong turning point. 

Geotechnical engineering has changed greatly since I 

began my career. In short, geotechnical engineers today 

tend to be what I would call “textbook engineers” They 

solve problems by identifying the appropriate formula or 

method of analysis (or which computer programme to 

use) and putting it to use. As long as they have followed 

a learnt or standard method they will be satisfied with 

whatever answer they get. Textbook engineers are what 

they are because all of their learning has been from 

lectures and textbooks. 

On the other hand, there are what I will call “broad 

based or mature engineers” for want of a better term. 

Broad based engineers are what they are because 

their knowledge of soil behaviour has come from 

a combination of formal learning and first-hand 

experience. This first-hand experience may be simple 

visual observation, or handling soil samples, especially 

taking block samples. Broad based engineers will have 

a sufficiently good “feel” for their subject that they may 

well know (at least approximately) the answer before 

they make use of formulas and theoretical methods. 

What makes a “textbook” geotechnical engineer and a 

“broad based” geotechnical engineer is an interesting 

Geosolve
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this, but to add to it you need to practice observation, 

which was one of Terzaghi’s dominant attributes, but 

is lost sight of today. You should observe behaviour in 

the field whenever the opportunity arises to do this. I 

don’t mean special opportunities, just the opportunities 

you come across incidentally in daily life. These include 

excavations, especially deep ones, trenches, and the cut 

slopes beside highways or even footpaths. Trenches are 

particularly useful because they are so plentiful these 

days — for installing or repairing (or re-repairing) services 

Also, you should use every opportunity to familiarise 

yourself with laboratory testing and spend time in the 

field observing drilling and sampling techniques and the 

execution of other in situ tests, especially SPT and CPT 

tests. Without such exposure you will not be in a position 

to judge the reliability of data coming from field or 

laboratory tests.

8. Covid-19 has changed the way classes are taught all 

over the world, from 5 years old kids to Ph.D. students. 

Some of the best universities in Europe have even gone 

so far as to replace Geotechnical field trips for a virtual 

format. What pros and cons do you see in replacing 

the face-to-face teaching method with online classes? 

Do you expect the teaching method to change forever 

once the Covid crisis ends?

That is an interesting question, and I think it will be 

a backward step if teaching continues to be online. I 

believe education should be an enjoyable and indeed 

a memorable experience, and I don’t see how this can 

be possible except by face to face contact between the 

teacher and the student. 

The photo is me (a younger version) teaching 

Indonesian engineers and technicians how to do 

Atterberg Limits. I don’t think I could do this effectively 

on-line.

question. It may have some connection with genes, but 

much more likely it is the culture of their native country. 

Historically, New Zealand has been a very “classless” 

society in which everyone is more or less equal. This 

means most people are accustomed to doing manual 

work of some sort. For example, I built an additional 

room on to my house many years ago. I dug the trench 

for the foundations and mixed and poured the concrete 

and so on. At the same time I built a new garage for my 

car. When growing up my friends and I had bicycles, 

and we regularly took the wheel hubs apart to grease 

them. We were careful to count the ball bearings and 

make sure we put back the same number as we took out.

These are just examples of the day to day culture of New 

Zealand, but what it means is that we obtained a good 

“feel” of the way the natural world works from our own 

experience of it.

In contrast, especially in many Asian countries, there 

is strong class consciousness, and the upper class is 

not involved in doing any manual things. The result is 

they gain little understanding of how the physical world 

works. It appeared to me while teaching at Auckland 

University that the only knowledge or understanding 

some overseas students had of soil behaviour was 

from text books or lecture notes, and they did not 

relate this knowledge to their own experience of the 

physical world around them. We should be clear on one 

thing — a prime challenge for geotechnical engineers is 

making judgements as to the extent to which theoretical 

concepts can be applied to the situations they are 

addressing. It really takes broad based engineers to have 

the ability to do this. 

Finally, some comments on computers. This is an 

all pervasive influence today that I never experienced 

during my education or while working as a geotechnical 

engineer. For the analysis of complex situations it may be 

a marvellous tool but for routine geotechnical issues I’m 

not sure that its positives outweigh its negatives. Sound 

geotechnical engineering cannot be done in front of a 

computer screen, although it is easy to think so. I have 

reviewed reports on the stability of natural slopes that 

rely entirely on pages of computer-generated printouts 

of slip circle analysis (with assumed strength parameters) 

but make no mention of what a visual inspection of the 

site has revealed. Pages of multi coloured slip circle 

printouts certainly impress clients with no knowledge 

of the subject but leave others cold. The idea that 

theoretical analysis of natural slopes can take the place 

of other non-analytical methods, especially careful visual 

inspection of the site, is ludicrous. I once heard of an 

American consulting company that forbade its new staff 

from using computers for the first several years of their 

employment. I thought that was a very sound idea.

Regarding advice to young geotechnical engineers I 

can offer the following. I think a clear grip of basic soil 

behaviour is an essential attribute. You may already have 
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What’s On at Waka Kotahi
Stuart Finlan  
Lead Advisor Geotechnical Transport Services Programme and Standards

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

SLOPE ASSESSED RISK LEVEL COURSE(S)
The Waka Kotahi/NZTA ARL slope assessment courses 

previously detailed in the June and December 2020 

Geomechanics News, have been delayed by Covid-19 due 

to the international travel restrictions applied by the New 

Zealand Government affecting the Australian trainers. 

The resurgence of C-19D has resulted in a further change 

to February 2022, though looking at two courses running 

centred in the North Island and a further course (or two) 

in October/November 2022 likely in the South Island. 

Those who were accepted for the first course will retain 

first right of refusal for that course with the additional 

course to be provided to enable further participation.

Those seeking more information can contact ARL_

Course@nzta.govt.nz

Stuart Finlan
Waka Kotahi

FIRST ROCKFALL CANOPY IN  
NEW ZEALAND
Kaikōura has seen many rockfall protection systems 

being constructed as part of the NCTIR works; from 

meshed areas to bunds and fences and now the 

completed (and first in Australasia) rockfall canopy. 

There’s a paper about its construction in this issue 

so I will leave you to read that but would like to 

acknowledge the tireless inputs of the NCTIR design 

and CPS teams and the main suppliers Geobrugg 

and RockControl.  
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or holding the back door open, or even somewhere on 

that flash drive, it would be great to receive a copy to be 

added: geotechnics@nzta.govt.nz

LESSONS LEARNT
In our separate organisations we hear so much about 

‘lessons learnt’ but sadly (in my personal experience) 

such lessons seldom reach our designers. In this 

edition you’ll find an interesting paper on lessons 

learnt at NCTIR. A number of us are passionate about 

promulgating what we have learnt to the benefit of those 

that follow. You could use your influence to do the same 

in your organisation! Thanks to the NZGS for providing a 

vehicle to do this outside of conferences.

INDEPENDENT PROFESSIONAL ADVISORS
Our procurement team is updating the IPA process. In 

the geotechnical space there are a few changes (subject 

to ratification) that may be of interest. The process now 

recognises the individual rather than their organisation 

which opens up IPA applications to more of the 

profession. Have also been successful in recognising not 

only those with long standing experience who are not 

chartered, but also Professional Engineering Geologists 

(PEngGeol). I expect this will result in a more diverse 

range of skill sets being available to Waka Kotahi  

going forward. 

PASSING OF COLLEAGUES
I’d just like to take a moment of your time to 

acknowledge our missing colleagues (so many over the 

last twelve months) who have given to, and guided, 

our industry. We all read the obituaries and ponder the 

loss of friends and colleagues and possibly our go-to 

‘wise-head’. Such loss affects us all differently: I tend 

to associate people with (for me) something they were 

instrumental in. What we should also be doing though 

is thinking about the people around you now and make 

sure you say to them the things you’d wish you’d had 

when they are no longer here. 

CLIMATE CHANGE ADAPTATION
It should come as no surprise that Waka Kotahi is 

actively looking in this space and developing its policies 

and requirements for the future. Whilst this is likely 

to take some time to come through to the industry in 

full, there are a number of areas that are already being 

actively ‘looked at’. Ability to reduce CO2 emissions and 

locking CO2 up are receiving favourable recognition. 

Implications of climate change are of course very 

significant not least in regard to rising groundwater, 

coastal inundation, sea level rise (and associated river 

and stream level); all of which state highways seem to 

follow. More landslips and debris flows are anticipated 

as well as more general land instability on neighbouring 

properties affecting the state highway. So, develop your 

‘rainy’ sky thinking and look outside the box because this 

is all coming our way sooner than you think: and not just 

associated with our roading networks. 

S6 BRIDGES, GEOTECHNICAL STRUCTURES 
AND OTHER SIGNIFICANT STRUCTURES  
INSPECTION POLICY
 The latest version of S6 policy was published in February 

2020 and introduces geotechnical structures for the first 

time: S6_Waka Kotahi 

The next step is the production of a geotechnical 

structures specific policy (S7) together with an associated 

inspection manual and course. We are currently working 

on this in the anticipation of implementation in 2022 

subject to ratification and funding. If you have any aspects 

that you feel would merit consideration be sure to let us 

know: geotechnics@nzta.govt.nz

GEOTECHNICAL MANUAL: GOOD IDEA?
We are currently considering a ‘geotechnical manual’ 

which would sit alongside the Bridge manual. The 

geotechnical manual would be developed over a 

number of years (added to) to become the source 

of geotechnical requirements and guidance. Initially 

the document would pull together all the current 

geotechnical aspects covered by many NZTA/WK 

documents including the State Highway Procurement 

Manuals, which would be an immediate benefit  

for practitioners!

If you have any views, again let us know: 

geotechnics@nzta.govt.nz

SHARING RESEARCH
We are all aware of the lack of visibility of research done 

on WK projects and how the sharing of such work could 

be beneficial to designers and reduce future project 

costs where similar conditions prevail. We are looking 

at pulling these together and include them on the HIP 

(Highways Information Portal) for easy access. Of course, 

we don’t necessarily know of all the research that has 

been done for Transit/NZTA/Waka Kotahi, so if you are 

aware of any; have a copy under your computer monitor 
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PROF. PAUL MARINOS passed 

away in Athens on 9 October 

2021, after being awarded the 

title of the Honorary President 

of the International Association 

of Engineering Geology and the 

Environment (IAEG) at the 3rd 

European Conference of the IAEG 

on October 8th. 

Prof Marinos was a leading 

figure in Engineering Geology and 

Rock Mechanics. He was Emeritus 

Professor of Engineering Geology at 

the National Technical University of 

Athens, past President of the IAEG, 

and an independent consulting 

engineer providing expert opinion 

on major infrastructure projects in 

Greece and around the world. 

Following the legacy of his 

father, who was also an Engineering 

Geologist and a Professor, 

Paul Marinos received a Mining 

Engineering degree from the School 

of Mines of the National Technical 

University of Athens in 1966. This 

was followed by a postgraduate 

degree in Applied Geology from 

the University of Grenoble, France, 

and by his Doctorate in Engineering 

Geology from the same University 

in 1969. 

He worked for French and 

Greek design and construction 

companies until 1977 and then was 

elected as Professor at Democritus 

University in Northern Greece. From 

1988 Dr Marinos was Professor 

of Engineering Geology in the 

School of Civil Engineering in the 

National Technical University of 

Athens and served as head of the 

Geotechnical Section of the School 

for several years. He was also a 

visiting Professor in the Geology 

Department of the University of 

Grenoble (1987) and of the School 

of Mines in Paris (2003).

Prof Marinos was an 

internationally renowned 

engineering geologist who authored 

or co-authored over 300 papers 

in journals or major conference 

proceedings. He was a key or 

invited lecturer at more than 50 

conferences or special events and 

was particularly well known for his 

work with Evert Hoek to create 

and refine the Geologic Strength 

Index (GSI) system of rock mass 

classification. 

In the 2000s, when the 

construction industry in 

Greece flourished, Prof Marinos 

contributed to embed and expand 

the application of GSI in big 

infrastructure projects, such as 

the Athens Metro and the 600 km 

long motorway Egnatia Odos, and 

for the incorporation of GSI in the 

contractual documents of these 

projects. His work in the tunnels of 

Egnatia Odos motorway led to the 

development of the modified GSI 

classification for heterogenous rock 

masses, such as flysch. 

During his career, he gave 

University Courses or Workshops all 

over the world, was editor in chief 

of the journal “Geotechnical and 

Geological Engineering” and also 

a member of the Editorial Board 

of a number of prominent journals 

focussed on engineering geology. 

He received several prestigious 

awards, including the Hans Cloos 

medal of IAEG, and the Andre 

Dumont medal of the Geological 

Society of Belgium. 

In addition to his special emphasis 

on rock mass characterization for 

engineering design and construction 

of tunnels and underground works, 

his work also covered landslides 

and dam geology. Prof Marinos 

had extensive industrial experience 

having served as consultant, 

independent reviewer and member 

of consulting boards or panel of 

experts on major civil engineering 

works and water resources projects 

in many countries in Europe, Africa 

and the Middle East. He was also an 

expert advisor of the World Bank. 

His other significant interest was the 

protection of historic monuments 

and archaeological sites. 

PERSONAL RECOLLECTIONS 
FROM ELENI GKELI
Prof. Marinos was the instigator 

and served as Director of a very 

successful Postgraduate Course 

in Tunnelling and Underground 

Construction for the National 

Technical University of Athens, 

which I had the honour and 

pleasure to attend in its first year of 

implementation in 2001, and to have 

Prof Marinos supervising my thesis. 

For his students, Prof Marinos 

will be remembered as a beloved 

Professor and a passionate mentor. 

He had an exceptional talent in 

teaching, not only transferring his 

knowledge to the audience but 

also his passion. Every year, he led 

the legendary Europe field trip 

for the civil engineering and the 

postgraduate tunnelling students; a 

12-day tour around Italy, France, and 

Switzerland visiting and studying 

big infrastructure projects, historic 

failures, such as the Malpasset 

Dam and Vajont Reservoir, but also 

monuments and historic sites. His 

passion and energy during these 

trips outran 20 -year-old students, as 

Professor Paul Marinos 

(1944 – 2021)
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he was tirelessly leading an intense 

program of visits until the late 

evening hours. These field trips are 

included in the highlights of my life, 

and I am sure of all the students who 

had the exceptional luck to follow 

since 1992. 

His whole course and attitude 

were guiding my professional 

life, and will form an example 

for younger colleagues and next 

generations in the geotechnical 

engineering community around  

the world. 

TOP RIGHT From his last “response” 
issued to his friends and colleagues 
in 2021, from his visit in Abyssinia 
(Ethiopia) in 2012, advising on the 
construction of Dams in the area but also 
reporting on Lucy, a 3.2-million-year-old 
skeleton, perhaps the ancestor of homo 
sapiens. 

BOTTOM RIGHT From the NTUA Field 
trip in Europe. Prof Marinos teaching the 
civil and tunnel engineers the failure of 
Vajont Dam in Longarone, Italy. 

Information from: 

https://www.geoengineer.org/

education/history/in-memoriam-

announcements/in-memoriam-

distinguished-professor-paul-g-

marinos-1944-2021 

https://ecopress.gr/teleftaio-antio-

ston-pavlo-marino-omotimo-

kathigiti-eb/ 

https://www.geoengineer.org/

gallery/albums/a-field-trip-for-

civil-engineering-students-to-

demonstrate-the-importance-of-

engineering-geology
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Richmond Douglas (Dick) Beetham 
1947 – 2021

DICK RECEIVED a BE Civil (Hons) 

and a BSc in Geology at Canterbury 

University in the early 70’s going on 

to spend most of his career as an 

engineering geologist with GNS but 

in later years with the private sector. 

In the early 80’s he obtained a DIC 

from Imperial College London.

Throughout his career he was 

known for his generosity to others 

and always giving of his time 

assisting and mentoring work 

colleagues, also spending many 

extended periods overseas working 

in third world countries. In 1971 and 

1972 he joined the NZ Volunteer 

Service Abroad programme in 

Central Java, Indonesia working on 

volcanic lahar control structures. 

1973 was spent in Bali on similar 

works. In more recent years he was 

offshore frequently for extended 

periods including a secondment to 

the UN for the recovery of the island 

of Nias on the west coast of north 

Sumatra in the aftermath of the 

2005 earthquake there.

technical excellence with a kind, 

gentle and compassionate approach. 

Dick was always positive about 

the future of engineering and the 

importance of the geology to any 

project. Everywhere he worked he 

provided a great mentor for the 

team. His passion and enthusiasm 

for mentoring the next generation 

of geologists and engineers was 

outstanding.

Outside of his professional 

activities, Dick was an accomplished 

tennis and squash player and had 

a strong love of the outdoors 

with a keen interest in climbing, 

tramping, kayaking and mountain 

biking. During his university years he 

achieved, with University mates, a 

first ascent of Mt Whitcombe, while 

in his mid to late 60’s he competed 

in two Coast to Coast events, 

winning the over 60’s competition in 

the 2 day/ 2 person team category 

with his long-time friend Clive 

Tilby. He ran many marathons and 

competed numerous times in the 

Kaweka Challenge.

Dick remains highly respected by 

his colleagues and his contribution 

to the field of engineering geology 

both in NZ and abroad will be well 

remembered. Like many of us, 

Dick always kept up to date on the 

latest research on the Alpine Fault 

recurrence interval as it got shorter 

and shorter. He was sure it would 

happen in our lifetime. We can be 

sure that one of Dick’s regrets will be 

that he never got to see the Alpine 

Fault “go”.

Clive Tilby with contributions by  

Don Macfarlane, Bernard Hegan, 

Julia Riding, Stuart Read and  

Chris Thompson

Dick joined the NZ Geological 

Survey (now GNS) in 1977 and cut 

his teeth on the Tongariro Power 

Development logging tunnels and 

advising on support systems for 

both Ministry of Works and private 

contractors. Along with Peter 

Millar, Bernard Hegan and others 

he soon became an expert on the 

construction challenges presented 

by the prevailing greywacke and 

argillite crushed zones with very 

high groundwater pressure heads 

such as in the 29km Moawhango to 

Tongariro Tunnel.

After leaving Turangi he 

completed a DIC at Imperial College 

with a dissertation on Seismicity and 

Landsliding with special attention 

to New Zealand. From 1983-1985 

he worked at Cromwell (along with 

others, including Royden Thomson, 

Graham Salt, Don Macfarlane and 

Graeme Halliday), focussed on 

hydro development options on the 

Kawarau River between Queenstown 

and Cromwell. He relocated to Lower 

Hutt when a Conservation Order 

was placed on the Kawarau in 1985 

but returned to Cromwell with the 

landslides stabilisation project where 

he led one of the site geological 

teams through the design and 

construction phases in 1989-1992.

Dick left GNS and joined GHD 

in 2012, moved to Christchurch in 

2014 and moved across to Coffey 

in 2018. GNS remember him as “the 

guy for whom no risk was too high, 

no job too small”; GHD remember 

that “nothing ever fazed Dick, it was 

just a challenge”. Coffey remember 

him as the “geology oracle”, he knew 

more than the geology map, didn’t 

matter where we asked about, and as 

an exceptional individual, combining 



99DECEMBER 2021 • NZ GEOMECHANICS NEWS

OBITUARY

GRANT ALAN LONEY passed 

away on Sunday, 17 October 2021, 

surrounded by his family. He was a 

much-loved husband, father, colleague 

and friend, who is sorely missed. 

After finishing school in Thames, 

Grant studied Civil Engineering 

at the University of Auckland, 

before starting his career with 

the Ministry of Works. He joined 

Tonkin + Taylor in 1980, before 

broadening his experience working 

with Worley, then Barrett Fuller. In 

those formative years, he worked 

on a variety of projects including 

the Brewery Creek Landslide 

stabilisation at the Clyde Dam and 

the Arapuni Dam headrace. 

Grant returned to Tonkin + Taylor 

the Coromandel was one of Grant’s 

favourite places to work. His years 

working on the conundrums of 

the Golden Cross project in Waihi 

were amongst his happiest, and he 

contributed a wealth of technical 

expertise. Grant loved creating 

better outcomes for our clients and 

communities and was just as happy 

working on small jobs, like houses on 

difficult sites, and seeing this turn out 

well for their owners. 

Grant’s career highlights included 

dams at New Zealand Steel, Kerikeri 

#8 and Aomarama. He led large 

geotechnical investigations and 

design for landslips and cliff top 

failures, and foundation design 

for well-known buildings and 

infrastructure, including TVNZ 

Headquarters, Thames Hospital 

redevelopment and Whangamata 

Marina. He enjoyed working on 

fun projects, including Cape 

Kidnappers Golf Course Lodge, 

the Hyatt Hotel in Bora Bora, Kelly 

Tarlton’s Underwater World and the 

redevelopment of Eden Park, and 

the challenge of providing expert 

evidence at a range of hearings 

including the Environment Court, 

local authority and mediation.

Grant had outstanding technical 

abilities, but it was his other 

attributes that set him apart. He 

stopped to smell the roses, enjoying 

the journey his work took him and 

others on. He had time for people 

and was generous in giving it to 

them. His positive and irrepressible 

attitude meant he connected 

with people deeply, and he had 

a humility that made others feel 

they belonged and had something 

valuable to offer. 

Grant was the glue that bound 

our whānau together. We are 

grateful for the contributions  

Grant made to our business and 

industry and will remember him as 

a Tonkin + Taylor icon, culture setter 

and leader. 

Grant Loney

in 1993 and worked under Peter Millar, 

who says “I thought of Grant as a 

“Duracell battery.” He was irrepressible 

and enduring – whatever you said to 

him, he would always bounce back 

with energy and kindness.”

Grant became an influential 

leader at Tonkin + Taylor and 

turned his efforts to developing 

the younger members of his team, 

providing guidance when they were 

struggling and helping them to 

find the best in themselves. He was 

a wonderful person to work with, 

as demonstrated by the enduring 

respect our people and clients have 

for him and his work.

With its varied geology and terrain, 

and extensive geotechnical challenges, 

Grant at Castle Rock in the Coromandel, an area he loved for its varied geology 
and terrain

Grant (R) with 
T+T geotechnical 
colleague Jamie Yule
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International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE) 
Vice President — Regional Report for Australasia

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

The President invited the Board 

and Board-Level Committee Chairs 

to continue in their present posts 

until the new Board elections and 

the duration of next Board will still 

be approximately 4 years starting 

from May 2022. Congratulations 

to Graham Scholey, who has been 

nominated to represent Australasia 

on the ISSMGE Board.  

4. ISSMGE VIRTUAL 
UNIVERSITY AND 
CONFERENCES
The following have recently been 

added to the website: How to 

perform reliability analyses on 

a spreadsheet – Dr Lei Wang; 

Collapse of Fujinuma Dam by the 

2011 Great East Japan Earthquake 

and its reconstruction — Prof. 

Fumio Tatsuoka and Dr. Antoine 

Duttine Probability Analysis in Civil 

Engineering — Prof. Jie Zhang.

For a listing of all ISSMGE and 

ISSMGE supported conferences, 

and full information on all events, 

including deadlines, please go to the 

Events page at https://www.issmge.

org/events. However, for updated 

information concerning possible 

changes due to the coronavirus 

outbreak (ie. postponements, 

cancellations, change of deadlines, 

etc), please refer to that specific 

event’s website.

5. ISSMGE TIME CAPSULE
The Time Capsule Project (TCP) aims 

to create and sustain a conversation 

about the past, present and future 

of geotechnical engineering to the 

benefit of our over 20,000 members. 

Contributions from all sectors of the 

ISSMGE, including legacy material, 

will be held and promoted through 

an online platform. This platform will 

be formally launched at the 20th 

ICSMGE.

From November 2021 onwards, 

The ISSMGE is the pre-eminent 
professional body representing 
the interests and activities 
of Engineers, Academics and 
Contractors all over the world 
that actively participate in 
geotechnical engineering. 

See the ISSMGE website –  
http://www.issmge.org/ for full 
details of all ISSMGE activities.

1. INTRODUCTION
What a year it has been! The 

following is a summary of recent 

highlights of ISSMGE activities 

regionally and internationally.

2. 20TH ICSMGE  
SYDNEY 2022
The ISSMGE Board agreed that while 

we had hoped that a full in-person 

conference and Council Meeting 

would be possible, the board 

supported the 20th ICSMGE being a 

hybrid conference. The organising 

committee has been working hard  

to develop a hybrid programme to 

suit a wide range of international 

time zones.

Dates have been confirmed for 

the conferences in Sydney as follows 

Sunday 1 May through Thursday 5 

May 2022 and registration is now 

open via the conference website 

https://icsmge2022.org/registration.

php The 7iYGEC will proceed the 

conference from Friday 29 April to 

Sunday 1 May 2022.

3. ELECTION OF ISSMGE 
PRESIDENT 2022-2026
As a consequence of the 

20thICSMGE being pushed back 

to May 2022, and in accordance 

with the Statutes and Bylaws, the 

deadline for receiving nominations 

for the next ISSMGE President has 

been extended to 30th January 

2022.  
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a series of informal and engaging 

“showcases” will be hosted to 

enable contributors to learn from 

each other’s experience. Even draft 

contributions can be presented so 

we can learn from each other. The 

concept is novel and exciting even 

for us in the TCP Design Team!

For further information, please 

make contact with TCP Design 

Team directly or through the form 

available at: https://www.issmge.org/

the-society/time-capsule.

6. ISSMGE FOUNDATION
The next deadline for receipt of 

applications for awards from the 

ISSMGE Foundation is the 31st 

January 2022. 

7. NEXT BOARD MEETING
The next ISSMGE Board Meeting will 

be held online 29 November 2021. 

Thank you for the opportunity to 

represent the AGS and NZGS on the 

ISSMGE Board this past few years. 

Graham, I wish all the best for your 

term on the board.

Best regards,

Philip Robins 

philip.robins@beca.com
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IAEG Report  
December 2021 

FINANCIAL
•   IAEG remains in strong / stable 

financial position with a surplus in 

2020 due to reduced operating 

costs because of Covid.  

•   2021-2023 budgets were 

approved on the basis that 

forecast costs would be matched 

to forecast income with surplus 

from 2020 to be considered for 

use to support initiatives, YGP and 

specific sponsorships.

•   The Council approved the 2020 

financial report and 2021-2023 

forward-looking budgets

•   The bulletin of Engineering 

Geology (BOEG)

•   BOEG remains strongly supported 

with an impact factor of Bulletin 

now at 4.298. 

•   Noting the published contributors 

to the BOEG are dominated by 

authors from only a few countries 

(mainly China) and the content 

is strongly geotechnical and 

analytical. Few papers are on 

engineering geology.  

•   Springer planned move to 

Continuous Article Publishing 

will be implemented in 2022 so 

there will be no more online first 

articles from 2022 onwards and 

advice that BOEG will converting 

to entirely open access in time, 

but this is very unlikely to happen 

within 5 years.

WEBPAGE
•   The web site remains active and 

well used and content updated.

•   A YouTube channel has been 

created and all the videos are 

available on YouTube.

•   Social network Facebook and 

Instagram were also presented.

•   General request for content and 

update of information

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

OVERVIEW
The main activities of the IAEG 
are summarised in most recent 
newsletter of the IAEG. 

Link provided. IAEG_
Electronic_Newsletter_2021_
Issue-No.2-1.pdf 

SUMMARY REPORT ON 
IAEG 2021 COUNCIL AND 
EXECUTIVE MEETINGS  
– 4 AND 5 OCTOBER 
CONFERENCES 
International conferences are now 

proceeding as blended live/virtual 

attendance. Several IAEG National 

Groups and Regions have restarted 

their programme of conferences. 

Of note are the following: 

•   Geoniagara – Canadian 

Geotechnical Soc. 26-29 Sep

•   Congress Argentino De Mecanice 

De Auelos Ingeniera Geotecnica 

– 2nd South American Regional 

Conference of the IAEG — Oct 1 

•   Euroengeo 2020 – 3rd European 

regional conference of IAEG 6-10 

October 2021

•   Preparation continues for XIV 

AIEG Congress September 12-13th 

2022 in Chengdu, China. Calls 

for papers have gone out and 

organisers are proceeding on  

the expectation at this will be 

strongly attended by international 

IAEG membership in numbers.  

A new executive will be elected  

at this meeting for the Term  

2023-2026.  

GENERAL 
•   The Council meeting was well 

attended with many national 

groups (who would not always 

have people attending the 

conference) able to join virtually

•   Officers’ reports received and AU 

and NZ are in the top 5 countries 

with a strong membership base. 
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IAEG YEG COMMITTEE 
•   Changes to the leadership of 

YEG (Stratis Karantanellis) and 

an update on activities of YEP 

provided.

•   YEG is building a network of YEG 

around the world and linked by 

media in Facebook, YouTube, 

Twitter and IAEG website.   

•   YEG monthly e-Webinar series 

(stated in June 2020) is well 

supported as is the “Get to know 

us better” section on the IAEG-

YEG website where interviews 

with young engineering geologists 

around the world are posted.

•    YEG activates (and reps) are not 

support by all national groups. 

The Council discussed and 

proposed that all national Groups 

should have YEG representation.  

•    A motion for nominating 

representative(s) for YEG by each 

national group was approved by 

the Council.

REPORT OF ADVISORY BOARD 
COMMITTEE
•    The chair of Advisory Board 

Committee noted of the 19 

commissions, 8 commissions (C17, 

C24, C25, C29, C34, C35, C36, 

C37) are very active with plans 

going forward. 4 commissions 

(C21, C28, C32) are not recently 

active but had plans for future 

activity. The rest were inactive.  

It is recommended that the 4 

commissions (C10, C16, C19 and 

C20) should be advised to close. 

•    In discussions the council deemed 

commission C4 to be important 

and it is agreed there would be a 

search to find right person to take 

over and led C4.

NEW ESTABLISHED AND 
RE-ACTIVATED NATIONAL 
GROUPS 
Representatives from the new 

National Groups gave presentations 

as follows:

•    Bolivia 

•  Costa Rica

•  Peru 

•  Belorussia 

•  Mongolia 

•  Chile 

•  Vietnam (Re-activated)

AWARDS
The following awards were 

announced:

•   Faquan Wu, from China (Hans 

Cloos Medal 2020)

•   Martin Culshaw, from UK (Marcel 

Arnould Medal 2020)

•   Dr. Kiril Anguelov, from Bulgaria  

(Honorary Membership 2019)

•   Prof.Victor Ivanovich OSIPOV, 

from Russia (Honorary 

Membership 2020)

•   Winner of 2020 Richard Wolters 

Prize Dr. Yifei Cui from China.

•   IAEG past President Paul 

Marinosas elected as the Honorary 

President of IAEG. 



NZ GEOMECHANICS NEWS • DECEMBER 2021104

International Society for Rock Mechanics  
and Rock Engineering (ISRM) 
Report for New Zealand – November 2021

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

The report addresses  
ISRM matters since the  
June 2021 edition of  
NZ Geomechanics News.

ISRM CONGRESS 2027 
HOSTING BID:
NZGS are bidding to host the 16th 

ISRM International Congress in 

2027! This is ISRM’s flagship event 

and occurs every four years. A little 

like the Olympic Games, potential 

host countries must bid many years 

in advance to be able to host the 

Congress. An organising committee 

has been formed which comprises 

Paul Horrey, Stuart Read, Eleni Gkeli, 

Romy Ridl and Christoph Krauss. 

The Committee, with the valued 

support of Tourism New Zealand has 

selected Christchurch as our host 

city and developed a promotional 

video and supporting information 

pack which were presented to the 

ISRM Council on 17 November. The 

Council will consider this over the 

next year and a vote will be held at 

next year’s Council Meeting which 

will be in Asuncion, Paraguay in 

October 2022. At that point we will 

know if we have been successful. 

Then the real work will start! The 

ISRM National Groups of Korea and 

China are also bidding to host the 

Congress.

BOARD AND COUNCIL 
MEETINGS:
The 2021 ISRM Council and Board 

meetings were held online 16-18 

November 2021.

ISRM AWARDS:
Nominations for the Rocha 

Medal 2023 are to be received 

by the ISRM Secretariat by 31 

December 2021. The winner will be 

announced during the 2022 ISRM 

International Symposium, LARMS 

2022 in Asuncion, Paraguay, and 

will be invited to receive the award 

and deliver a lecture at the ISRM 

International Congress in 2023. 

PRESIDENTIAL ELECTION:
The election of the ISRM President 

for the 2023-2027 term of office 

2023-2027 took place during 

the ISRM Council Meeting on 17 

November 2021. The successful 

candidate will become the President-

elect for the two years until 2023.

The candidates are Anna Maria 

Ferrero, nominated by Italy; Jian 

Zhao, nominated by Australia; 

Seokwon Jeon, nominated by 

Korea. At the time of writing an 

announcement was imminent.

INTERNATIONAL SYMPOSIA 
2022-43
•   Eurock 2022 — Rock and 

Fracture Mechanics in Rock 

Engineering and Mining in Espoo, 

Helsinki-region, Finland, 12 to 15 

September 2022.

•   The 2022 International 

Symposium will be held in 

conjunction with the IX Latin 

American Congress on Rock 

Mechanics, Rock Testing and Site 

Characterization in Asuncion, 

Paraguay on October 12-19, 2022. 

•   2023 ISRM 15th International 

Congress, Salzburg, Austria 9-14 

October 2023. 

•   Other regional events and 

specialised events are listed on 

the ISRM website.

WEBSITE
The ISRM website (www.isrm.com) 

has been updated. It has a new 

design and is more suitable for mobile 

phones and tablets and features new 

functionalities and easier access to 

content.

SOCIETY
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NEWSLETTER
The latest ISRM newsletter (No 55 

dated September 2021) is available 

on the ISRM website

NEW SUGGESTED  
METHOD VIDEO
A new video covering the Suggested 

Method for the Needle Penetration 

Index Test has been produced.

TRAINING OPPORTUNITIES
Your attention is drawn to the 

excellent technical resources available 

on the ISRM website. These include 

Suggested Methods, Reports, 

Glossary (multi-lingual), digital library, 

Slide Collection, Online Lectures, 

Videos, Online Courses and Book 

Series. Some items are available for 

purchase, but many are free of cost.

YOUNG PROFESSIONALS’ 
WEBINARS
The ISRM Young Rock Engineers 

group have set up an organizing 

community to establish the ISRM 

Young Members Monthly Seminars. 

The organizing community to date 

includes a Young Member from the 

following countries:

•  Spain

•  France

•  Japan

•  Italy

•  South Africa

•  New Zealand

The plan is to run eleven monthly 

seminars throughout the year, except 

for December. 

Each monthly seminar will 

comprise two presentations. Each 

presentation will be 20 minutes 

in length with 10 minutes of 

questions. Each seminar will seek 

to include both a research focused 

presentation and an industry focused 

presentation. The invited speakers 

will range from PhD students to 

early career professionals, 40 years 

old or younger. 

The primary purpose of the 

seminars are as follows:

•   Provide a platform for younger 

members of the ISRM to 

showcase their work,

•   Increase awareness of the ISRM, 

especially within the younger 

membership age group, and

•   Establish international 

collaborations within the younger 

members.

•   The seminar series is subject 

to ISRM Board approval. The 

organising team are currently 

putting together a schedule of 

potential speakers and topics for 

the coming year. 

ISRM ON-LINE LECTURES 
Two on-line lectures have been given 

since the last report: 

September 2021  

The 35th Online Lecture “Findings 

from Numerical Modelling at the Site 

of a High Dam on the Jinsha River” 

Dr. Christine Detournay

June 2021 

Rock Slope Engineering: A 

Combined Remote Sensing-

Numerical Modelling Approach  

Prof. Doug Stead

These have been recorded and are 

available on the ISRM website.

Paul Horrey

NZGS ISRM Liaison

Romy Ridl

NZGS ISRM YGP Coordinator

November 2021



NZ GEOMECHANICS NEWS • DECEMBER 2021106

SOCIETY

Young GeoProfessionals Report
Helen Hendrickson

2021 – WHAT A year! It’s been a 

rollercoaster of successes, steep 

learning curves, challenges and 

growth. If you were to tell us 2 years 

ago where we would be now, we 

would never have believed you.

We managed to pull off three 

excellent regional symposia 

between lockdowns and despite 

covid restrictions (summaries of 

each are on the following pages – 

thanks to the wonderful organising 

committees). 

We have also appointed young 

professional representatives on 

the 3 international societies. Sarah 

Barret (International Association 

for Engineering Geology- IAEG), 

Romy Ridl (International Society of 

Rock Mechanics- ISRM) and Nima 

Taghipouran (International Society 

for Soil Mechanics and Geotechnical 

Engineering — ISSMGE) have 

been working with me to identify 

opportunities for co-ordination and 

collaboration across the societies to 

maximise the benefits for our young 

members. They’ve got some exciting 

ideas to bring to you in the future.

Miles Buob and his team have 

been working away at a series of 

posters aimed at entry level geo-

professionals that cover the basics 

of a series of simple analyses which 

are commonly used. They are in the 

stages of drafting and reviews so 

watch this space!

And of course, Covid has 

presented its share of challenges 

with several conferences and events 

being postponed and/or cancelled. 

Our YGP’s tend to be social 

creatures who like to get out, meet 

new people and learn new things so 

it’s been particularly hard on us all.

I would like to acknowledge 

the hard work put in by everyone 

throughout the year, especially 

those who were organising and 

contributing to events which did not 

end up going ahead. Your work is 

appreciated all the same.

Looking ahead to 2022, we have 

a lot of exciting activities in the 

pipeline including the ANZ YGP 

Conference! It’s New Zealand’s 

turn to host and the committee is 

currently hatching a plan to make 

sure it goes off without a hitch. 

As always – get in touch if you have 

any questions / ideas or are keen to 

be involved in anything YGP or NZGS. 

You can get me at ygp@nzgs.org.

See you all next year.

Helen Hendrickson

YGP representative

Helen Hendrickson
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Climate Change Symposium Report
Jen Smith

IN EARLY NOVEMBER, despite 

Covid’s best efforts to thwart 

it, the NZGS in association with 

Engineering New Zealand and the 

Sustainability Society held a three-

day symposium on climate change 

with a focus on the geotechnical 

industry. This symposium aimed 

to be a starting point to kick off 

discussions and share ideas between 

geotechnical professionals, so that 

as an industry we can start working 

together to tackle the issue of 

climate change. The symposium 

covered both adaptation and 

mitigation: both how to design to 

account for the impacts of climate 

change, and how to reduce carbon 

or other impacts of construction 

to reduce the amount of climate 

change that occurs for future 

generations. 

The symposium kicked off with a 

presentation from Katie Symmonds 

from MBIE discussing the regulatory 

context behind climate change 

about what we can do as individuals 

and as a geotechnical profession to 

make a difference when it comes to 

climate change. 

WHAT’S NEXT?
We’re hoping to keep the 

momentum from the symposium 

going forward and look to build our 

knowledge as a group. 

To support this, the NZGS is 

seeking to facilitate some research 

on some of the topics and solutions 

showcased at the symposium to 

help make some of these blue-sky 

ideas practical options within the 

New Zealand context. What we’d 

like from you is your input on what 

topics or methods you’d like to see 

us support. 

We are looking for:

•   Any particular topics where 

research could help you or your 

business utilise alternative, lower 

carbon, or more resilient solutions

•   Any areas you see as “quick wins” 

where some further assessment 

(for example NZ context or 

specific geology) would help you 

respond to climate change

•   Other things you think we  

should consider

•   Send through an email to 

secretary@nzgs.org

We would also love to collaborate 

with businesses to fund and drive 

this research alongside NZGS. 

Therefore if your company would 

be interested in sponsoring 

research into climate change in the 

geotechnical industry, please get in 

touch with treasurer@nzgs.org. 

Jen Smith

adaptation and mitigation in the 

geotechnical field. It continued with 

talks from Ross Roberts of Auckland 

Council and Sjoerd Van Ballegooy on 

adaptation to climate change, and 

how councils and local authorities 

are approaching the problem of 

changing climate on their processes. 

The second day looked at what 

geotechnical designers can do 

to adapt to and mitigate against 

climate change in our work at 

the design stage. A very thought 

provoking talk by Pathmanathan 

Brabhaharan kicked off the day 

talking about a fateful trip that was 

impacted by a series of landslides, 

and brought us back to the “why”: 

why climate change has such an 

impact on us as a society and what 

our role here is as geotechnical 

engineers. We closed out the day 

with a talk about innovation from 

Tom Revell and Louis Collingwood 

who challenged attendees to change 

the way they think about problem 

solving and shift our mindsets.

Our third day focused more on 

construction, and a talk by Nick 

Wharmby talked us through a 

contractor’s perspective on climate 

change. Later backed up from Martin 

Larisch talking about embedded 

carbon in building foundations. 

This helped bring a practical 

perspective and to ground some 

of the discussion and ideas of the 

preceding two days. 

This symposium simply started 

discussion, and the NZGS challenges 

you and your colleagues to take this 

information and these ideas, and 

start applying them and thinking 
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SOUTH ISLAND YOUNG 
GEOTECHNICAL 
PROFESSIONALS 
SYMPOSIUM 2021
The South Island YGP Symposium 

was held in Christchurch on the 9th 

of June and was a great success. 

Congratulations to Tom Revell for 

winning the people’s choice award 

for his presentation on the southern 

hemisphere’s first rockfall canopy. 

Riwaj Dhakal took out the judges 

choice award with an enlightening 

presentation on liquefaction 

assessment methodologies for 

reclaimed land, with a particular 

focus on simplified procedures for 

reclaimed gravel.

Thanks to Geotechnics and 

Southern Geophysical who kindly 

sponsored this event. Julia Riding 

and Richard Justice provided 

mentorship throughout the day and 

also gave some pearls of wisdom 

about the experiences they have had 

throughout their careers to date. The 

day was capped off with a dinner in 

town which was a great opportunity 

to get to know fellow YGPs in a 

more informal setting.

WELLINGTON YOUNG 
GEOTECHNICAL 
PROFESSIONALS 
SYMPOSIUM 2021
In late July the 2nd NZGS Young 

Professionals Symposium was 

successfully delivered by the 

Wellington branch. 11 delegates,  

3 mentors (Eleni Gkeli, Ayoub Riman 

YGP Symposium Reports 2021

ABOVE: Attendees of the South 
Island YGP Symposium.

and Safia Moniz) and representatives 

from our two sponsors (Geotechnics 

Ltd and Redi-Rock International) 

attended this one-day symposium. 

The excellent presentations by 

the delegates showcased some 

of the interesting things people 

are working on, and it was also 

great for everyone to network 

with people across our industry. 

Congratulations again to Isabella 

Barbalich, Ribu Dhakal, and Joshua 

Lee for taking out the awards for 

best presentations. A special thank 

you goes out to our three mentors 

who shared their valuable experience 



NZGS 2021 
STUDENT 
PRESENTATION
AWARDS
POSTER 
COMPETITION

INVITATION  
TO PARTICIPATE
The New Zealand Geotechnical Society 
wishes to recognise and encourage student 
participation in the fields of rock mechanics, 
soil mechanics, geotechnical engineering  
and engineering geology.

The 2021 Student Presentation Awards will 
be a Poster Competition and is open to all 
students.

Posters will be displayed and awarded at a 
local branch meeting in April / May 2022.

REGISTRATION CRITERIA

●  Applicants must be enrolled as a full-time /
part time student at an appropriate University /
Institution in New Zealand

●  The topic of the poster should be relevant to
geotechnical engineering or engineering geology

●   There should be one registration form per poster
and one co-author is allowed per submission

●   The abstract must be no longer than 300 words
●   Submission of the abstract should be made on

the registration form or an attached Microsoft
Word or pdf document

●   One figure/image may be included with the
abstract but it must have a caption and be
referred to in the abstract

Registration forms can be downloaded from 
the NZGS website at http://www.nzgs.org/
awards/nzgs-student-awards/ and are  
to be submitted to secretary@nzgs.org by 
Friday 10th December 2021x  

Completed posters can be provided either at 
the same time or at any time up to the closing 
deadline on 31 January 2022.

POSTER CRITERIA

● Standard A1 size.
●  Should be submitted in Microsoft Powerpoint

or pdf format.

JUDGING

●  Judging will be conducted for all entries
across the country

●  A panel of three judges will be formed
to make the final decision

●  Posters will be displayed at a local branch
meeting

●  The awards will be presented at a NZGS
local branch meeting

PRIZE MONEY

● $1000 first
● $500 second
●

●

$300 third
 The top three posters will be displayed in the 
June 2022 issue of the Geomechanics News.

Judging will be based on the following criteria:
● Quality and clarity of the abstract
●  Academic content – appropriate introduction,

sound methodology, clear results and conclusion
●  Poster layout – appropriate use of figures, clear

and coherent text, structure and creativity
●  Overall poster appeal – concepts are easy to

understand, poster engages the viewer and
the quality of presentation

For further information or to join  
the Society (membership is free for 
students) please visit our website  
www.nzgs.org or contact the  
Society Management Secretary at 
secretary@nzgs.org

www.nzgs.org
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and provided good feedback 

to all delegates, and also to our 

sponsors and our host Engineering 

New Zealand for making this event 

possible. 

NORTHLAND AND 
AUCKLAND YOUNG 
GEOTECHNICAL 
PROFESSIONALS 
SYMPOSIUM 2021
The Northland and Auckland YGP 

Symposium was held in Auckland 

on 9th July 2021. It was a full-on 

day of high quality presentations 

from our 18 participants, and 

everyone agreed that they learnt a 

huge amount. Presentation topics 

varied from the highly technical to 

the not-so-serious. Congratulations 

to our two winners: Ashe Cooper 

(people’s choice award) and Gregory 

Clements (best presentation award). 

The day was concluded with dinner, 

which was a great time to relax 

and network. Many thanks to our 

mentors, Natasha Jokhan of Brian 

Perry Civil and Jethro Neeson of 

RDCL, who provided their guidance 

and expertise throughout the day. 

Thank you also to our sponsors 

who made the day possible: Cirtex, 

Geotechnics, RediRock and Beca.

ABOVE: Attendees of the 
Wellington YGP Symposium.

LEFT: Northland and Auckland 
YGP Symposium.



NZ Geotechnical Society  
2022 PHOTO  
COMPETITION

 CONDITIONS OF ENTRY

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

be published in subsequent  
NZ Geotechnical Society  
publications and material.

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

6.  NZ Geotechnical Society members  
only may enter.

 

The 2022 theme is 

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

• Entries close 30 September 2022

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

SEND YOUR ENTRY TO

$250
wins

The winning photo and the  
top runners-up will be printed  
in the December 2022 issue  
of NZ Geomechanics News

 Anything 
Geotechnical

 ENTRIES CLOSE
30 September

first prize
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Society Branch Reports

NORTH ISLAND

SOUTH ISLAND

Northland
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Bay of Plenty, Waikato 
Hamilton

CENTRAL East Coast 
Hawke’s Bay, Taranaki 
Wanganui

Wellington

Otago

International

Canterbury

Nelson
Marlborough

SEE THE  

EVENTS DIARY OR  

WWW.NZGS.ORG  

FOR FUTURE  

EVENTS
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Our new weekly email 
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Branch announcements 
normally sent to 
members, but in one 
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items to include to 
secretary@nzgs.org
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Auckland
As expected, the Auckland Branch 

has had a tricky few months 

navigating another lockdown and 

then what seems to be never ending 

Covid-19 restrictions. As a result, 

the branch unfortunately had to 

cancel two long-awaited in-person 

events, which was a shame for our 

members. The first of these was the 

panel session “The role of the peer 

reviewer”, which we were expecting 

would have a great turnout – this 

required a last minute cancellation 

as the lockdown was announced 

that evening! The second was to be 

presented by Laurie Wesley with the 

topic “The behaviour of a soft clay in 

relation to embankment stability, on 

such clay”. Both of these talks will be 

revisited once there is some surety 

on when and how, in-person events 

can be held. 

On a more positive note, although 

the Auckland Branch had intended 

to support the post-NZGS AGM 

talk by Sjoerd Van Ballegooy in 

person, with a bit of notice this was 

able to be presented via an online 

platform. The talk about modelling 

the impacts of liquefaction on the 

New Zealand residential building 

portfolio was very well received, with 

hundreds of people tuning in. 

Looking forward, Ben, Jay 

and Sirini are planning a number 

of events to keep our members 

entertained and well-informed. As 

this update is being written we are 

only days away from facilitating John 

Wood’s presentation on cantilevered 

timber pole walls, which was recently 

also presented in published form in 

the Geomechanics News. Finally, the 

team made the call to play it safe 

and take the annual Christmas mini-

symposium online – a first, with a 

novel approach… although this will 

have an Auckland centric focus, all of 

the NZGS members are welcome to 

contribute where relevant and take 

part in the webinars, which will be 

spaced weekly over the month 

of December. 

Ben, Jay and Sirini

 

Waikato
BRANCH EVENTS
No local branch events have 

happened due to COVID restrictions.

FUTURE EVENTS
As COVID alert restrictions are 

reduced, we plan to undertake 

site visits to the Peacockes Bridge 

construction site and the Ruakura 

Inland port. Details about these site 

visits will be given when further 

information has been provided about 

our transition into the new traffic 

light system for alert levels.

We have several other events in 

planning and will be notifying branch 

members as soon as we have details 

and dates confirmed.

Bay of Plenty
The Bay of Plenty branch of NZGS 

has had a quiet few months. There 

have been a number of online 

presentations and the recent NZGS 

Climate Conference which we 

hope our members have taken the 

opportunity to attend. We now have 

a new branch of GSNZ (Geoscience 

Society of New Zealand) in 

Tauranga and are looking forward 

to collaborating with them to 

bring good quality geological and 

geotechnical presentations to the 

region. We are now planning for next 

year’s presentations and welcome 

any suggestions from our local 

members. 

Hawkes Bay
Hawkes Bay Branch has been 

relatively quiet due to the covid 

lockdown, then dealing with the 

backlog in a busy local market as 

projects recommenced.  We continue 

to maintain close relationships with 

other technical branches and have 

heard that people have been taking 

advantage of the multitude of online 

conferences, presentations and 

shared sessions that have swept the 

globe. Our intention for next year 

is to get some more ‘real world’ 

events occurring to keep our local 

practitioners coordinated.

Wellington
The Wellington branch hosted 

a joint event with SESOC ESE 

at Engineering New Zealand in 

early July. The talk was about 

collaboration between structural 

and geotechnical engineers, and 

was presented by Stuart Palmer 

(Tonkin & Taylor, technical director) 

and Hamish McKenzie (Holmes 

consulting, immediate past 

President of SESOC). The aim was 

to help structural and geotechnical 

engineers to understand why 

collaboration is important and how 

good collaboration can help solve 

complex engineering problems, 

such as soil-structure interaction. 

The speakers suggested the key is 

to keep communicating using the 

same “engineering language”, get 

geotechnical engineers involved at 

the beginning of the project and, 

wherever possible, implement the 

KISS techniques (keep it simple, 

stupid).

In late July the 2nd NZGS 

Young Professionals Symposium 

was successfully delivered by the 

Wellington branch. 11 delegates, 3 

mentors (Eleni Gkeli, Ayoub Riman 

and Safia Moniz) and representatives 

from our two sponsors (Geotechnics 

Ltd and Redi-Rock International) 

attended this one-day symposium. 

The excellent presentations by 

the delegates showcased some 

of the interesting things people 

are working on, and it was also 

great for everyone to network 

with people across our industry. 

Congratulations again to Isabella 

Barbalich, Ribu Dhakal, and Joshua 

Lee for taking out the awards for 

best presentations. A special thank 

you goes out to our three mentors 

who shared their valuable experience 

and provided good feedback 

to all delegates, and also to our 

sponsors and our host Engineering 

New Zealand for making this event 

possible. 

We are currently planning the 

last NZGS Wellington Branch event 

for the year, which will be an online 

presentation by Chris Massey from 

GNS Science. More details will be 

provided in future NZGS emails. 
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We are always on the lookout 

for interesting presentations / 

workshops to share. If you have any 

ideas please feel free to contact any 

of the local branch committee. 

 

Christchurch
It has been a quiet year for the 

Christchurch branch, due to various 

Covid restrictions resulting in 

cancelled presentations, and the lack 

of visiting international academics 

who often make up a number of 

our talks. However, we were lucky 

enough to still have the following 

events run successfully:

•   Separation of pumice from soil 

mixtures – Mark Stringer

•   Assistance with geotechnical talks 

for the Christchurch 10 years on 

event series. 

•   Combined SESOC and NZGS 

presentation: Structural and 

Geotechnical panel discussion 

which was well attended

We are looking forward to 2022 

with hopefully more speakers and 

industry-led events, less presentations 

cancelling and more networking 

within the branch. We would like to 

work more closely with Canterbury 

University in the year ahead to foster 

the relationship between final year 

geotechnical & engineering geology 

students and industry. 

One event to look out for in the 

new year is a women’s networking 

lunch with informal presentations.

Otago
As with most branches, we haven’t 

been able to do much for our local 

members in the past six months or 

so. We had a presentation about 

the South Dunedin groundwater 

properties teed up, but had to 

postpone with the last lockdown. 

This is still on the cards and we 

expect to be hosting this in the 

new year, once we’re all vaccinated 

and restrictions ease up. As for 

other future events, we’re working 

on a couple ideas, and we will 

provide more details in due course. 

As always, we’d love it if our local 

members wanted to present to the 

branch, and we’d be more than 

happy to facilitate this – so please, 

get in touch with Hannah or Matt if 

you have something interesting to 

talk about!
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BEN FRANCIS
Ben is a geotechnical engineer 

with Tonkin & Taylor in 

Auckland and has a BE(Hons) 

and MEngSt(Geotech) from 

the University of Auckland. 

He has a broad interest in 

geotechnical engineering 

design, with a focus in 

liquefaction and geotechnical 

earthquake engineering. 

He works on technically 

challenging projects across  

NZ and internationally.

BFrancis@tonkintaylor.co.nz

AUCKLANDNORTHLAND

JAY DODDABALLAPUR 
Jay is a Chartered Principal 

Geotechnical Engineer with 

an MSc in Geotechnical 

Engineering from the University 

of Glasgow. He  

has worked in the UK, Middle 

East and New Zealand on 

buildings, infrastructure 

and marine projects. He has 

experience in design and 

management of temporary 

and permanent works with a 

particular focus on providing 

value engineered, sustainable 

and buildable solutions. 
jay.doddaballapur@aecom.com

WAIKATO

LUKE STANLEY
Luke is an engineering 

geologist with CMW 

Geosciences in Hamilton. 

He graduated from the 

University of Plymouth, UK 

with BSc (Hons), 2016 and 

MGeol Geology, 2017 before 

moving into the geotech 

sector. After working in the 

south-west of the UK, he 

decided to chase warmer 

climates and gain experience 

working with the very 

variable soils in the Waikato. 

He has been working with 

CMW since 2019 on projects 

throughout the central north 

island. lukes@cmwgeo.com

BEN SMITH
Ben is an engineering 

geologist with HD Geo in 

Hamilton. He graduated 

from the University of 

Waikato to complete a BSc 

in GeoSciences in 2013, and 

has since gained knowledge 

and experience working on 

projects through the central 

north island. Outside of work 

he enjoys the outdoors, 

surfing, music and the odd DIY 

renovation project.

ben.smith@hdgeo.co.nz

SHIMA SHEYBANI 
AGHDAM
Shima is a geotechnical 

engineer currently working 

at HDGeo in Hamilton.  She 

studied for a bachelor’s in 

structural engineering in 

Azarbaijan before graduating 

with a Masters in geotechnical 

engineering in 2015 from 

Shahid Rajaee University in 

southern Iran. She moved 

to New Zealand in 2016 and 

joined HFC in Canterbury 

before moving to join  

HDGeo in April 2019.

shima@hdgeo.co.nz

PHILIP COOK
I am a Chartered Professional 

Engineer. I have an interest in 

risk assessment, landslides, 

Northland Allochthon geology, 

liquefaction, and seismic 

assessment for earthquake 

resistant foundations, 

foundation settlement. I 

look forward to improving 

the geotechnical features of 

soils in Northland. I enjoy the 

coastal lifestyle of Northland

phil@coco.co.nz

Branch Coordinators

SIRINI DE SILVA
Sirini is an Engineering 

Geologist at Beca and 

also pursuing a Master of 

Engineering Geology at 

the University of Auckland. 

Previously, Sirini has worked 

for the Kaikoura earthquake 

infrastructure recovery project 

and then in the Hawke’s 

Bay. She is experienced in 

geotechnical site investigations, 

liquefaction assessments, 

construction monitoring, 

geomorphological mapping 

and ground modelling.  

 Sirini.DeSilva@beca.com
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KYLIE JOHNSON
I’m an Engineering Geologist 

working for CGW Consulting 

Engineers based in Nelson.  

I have been a NZ geologist 

for the past 9 years and 

a keen member of NZGS. 

I work closely with our 

Engineering NZ branch to 

bring events and functions 

to the nelson region. I have 

a strong interest in site 

investigations and mapping 

around the Top of the  

South Region.

kylie@cgwl.co.nz

WELLINGTON NELSON

FRANCIS NEESON
Frances is an Engineering 

Geologist and Eastern region 

Geotechnical Manager with 

LDE Ltd in Gisborne. She has 

over 12 years of experience 

having previously worked in 

Auckland, Christchurch, and 

Kaikoura. She has previously 

held the role YGP Rep on 

the NZGS Management 

Committee from 2014-2017. 

Frances is looking forward 

to building momentum with 

the new Gisborne Branch and 

actively contributing to the 

NZGS community again.

f.neeson@lde.co.nz

TOM GRACE
Tom is a geologist who 

has worked for consulting 

companies on a large 

range of projects — 

predominately mineral 

exploration, mining 

feasibility & development 

and geotechnical projects 

in Southeast Asia, 

Canada, Australia and 

New Zealand. Tom has a 

strong interest in ground 

testing (CPT, surface and 

downhole geophysics, 

downhole testing).

tgrace@rdcl.co.nz

GISBORNE HAWKE'S BAY

AIMEE RHODES
Aimee is a graduate 

geotechnical engineer with 

Opus. She recently completed 

her Masters degree in 

Earthquake Engineering with 

the University of Canterbury. 

Aimee has experience 

with liquefaction analysis 

and soil characterisation 

having worked on modelling 

liquefaction in stratified soils 

for her Masters research.

aimee.rhodes@wsp.com

SHIRLEY WANG
Shirley is a Geotechnical 

Engineer with 8 years of 

experience working at 

Tonkin & Taylor Wellington 

Office. She graduated from 

Canterbury University with 

a BE(Hons) in 2009. She 

has experience in seismic 

assessment, geotechnical  

and environmental 

investigation, slope stability, 

foundation design and 

construction monitoring.

SWang@tonkintaylor.co.nz

SAFIA MONIZ
Safia is a Chartered 

Professional Engineer 

who has worked in the 

Caribbean and New Zealand 

since graduating from the 

University of the West 

Indies with a Degree in Civil 

Engineering (Hons) in 2004. 

She completed a Masters in 

Geotechnical Engineering at 

MIT in 2009.  Recent projects 

include deep foundation 

design and ground 

improvement for buildings 

and bridges.

safia.moniz@

holmesconsulting.co.nz

KIM DE GRAAF
Kim is a Senior Lecturer at the 

University of Waikato and a 

Senior Geotechnical Engineer 

with ENGEO and is based in 

Tauranga. Kim’s experience 

includes earthworks, detailed 

seismic assessments, building 

foundation design, 3Waters 

projects and resilience.  

Kim’s research interests  

cross a broad range of 

geotechnical areas including 

the behaviour of pumiceous 

soils, ground improvement 

and soil-foundation- 

structure-interaction.

KDeGraaf@engeo.co.nz

JAMES GRIFFITHS
James is an Engineering 

Geologist with Beca in 

Tauranga. After a previous life 

working in outdoor education 

and guiding on the Fox 

Glacier for 7 years, James 

studied Geology  

at Otago University, 

graduating in 2014 with 

a BSc (Hons). James has 

worked on site hazard 

assessments, geotechnical 

site investigations and 

ground modeling for a  

broad range of clients and 

market sectors.

James.Griffiths@beca.com

BAY OF PLENTY
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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)  To advance the education and application of soil mechanics, rock mechanics and 

engineering geology among engineers and scientists.

b)  To advance the practice and application of these disciplines in engineering.

c)  To implement the statutes of the respective international  

societies in so far as they are applicable in New Zealand.

d)  To ensure that the learning achieved through the above objectives is passed on 

to the public as is appropriate.

All society correspondence should be  

addressed to the Management Secretary  

(email: secretary@nzgs.org). 

 

HANNAH UDELL 
Hannah is an Engineering 

Geologist at Tonkin & Taylor 

based in Dunedin, having 

previously worked out of the 

Christchurch and Hamilton 

offices. She has over 7 years’ 

experience predominantly 

based around geotechnical 

site investigations and a 

variety of natural hazard 

assessments.

HUdell@tonkintaylor.co.nz

MATT FITZMAURICE 
Matt is an engineering 

geologist in GHD’s Dunedin 

office. He has 9 years’ 

experience working in both 

the Western Australian mining 

industry (predominantly 

underground), and in New 

Zealand consultancies.  

Matt’s areas of interest 

typically revolve around  

rock mechanics, and he loves 

to get out of the office and 

walk around the hills looking 

at rocks.

matthew.fitzmaurice@ghd.com

PAUL JAQUIN
Paul is a Chartered Professional 

Engineer, and is Work Group 

Manager for Buildings and 

Structures in the WSP 

Queenstown office. He works 

across a range of disciplines, 

including building foundations, 

bridge assessment, retaining 

walls, rockfall and landslide 

analysis. Paul holds a PhD in 

unsaturated soil mechanics and 

is a recognised expert in mud 

brick construction, providing 

advice and engineering 

expertise internationally.

Paul.Jaquin@wsp-opus.co.nz

SAM BURGESS
Sam is a geotechnical 

engineer at Tonkin and Taylor 

in Christchurch. She has 

over 4 years’ experience in 

geotechnical engineering, 

predominantly based in 

tunnelling projects. Outside 

of work she enjoys rock 

climbing, mountain biking  

and skiing.

SBurgess@tonkintaylor.co.nz

CANTERBURY OTAGO

QUEENSTOWN

SARAH BARETT
Sarah is an Engineering 

Geologist at Beca Ltd 

in Christchurch. She has 

experience in natural 

hazard assessments and 

completed a PhD and post-

doctoral role researching 

geomorphic influences 

on observed liquefaction 

following the 2010-2011 

Canterbury earthquakes and 

2016 Kaikoura earthquake, 

and evidence for paleo-

liquefaction. In her spare 

time Sarah enjoys riding her 

horse and working on her 

lifestyle property.

sarah.barrett@beca.com

The postal address is  

NZ Geotechnical Society Inc,  

P O Box 12 241,  

WELLINGTON 6144. 
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WELCOME TO THE final issue 

of 2021. This year has flown 

by and despite Covid we 

have managed a Symposium 

as well as some great 

Webinars during lockdowns. 

Our website is continuously 

updated so please look out 

for new recordings and library 

additions. Have a happy 

holiday season and a safe  

New Year.

Teresa Roetman

 

Please remember 
to contact the 

Management Secretary 
(Teresa) if you 

wish to update any 
membership, address or 
contact details.  If you 

would like to assist your 
Branch, as a presenter 

or sponsor, or to provide 
a venue, refreshments, 
or an idea, please drop 
a line to your Branch 

Co-ordinator  or Teresa.  
If you require any 

information about other 
events or conferences, 
the NZGS Committee 
and NZGS projects, 
or the International 

Societies (IAEG, ISRM 
and ISSMGE) please 

contact the Secretary 
on secretary@nzgs.org  
You may also check the 

Society’s website for 
Branch and Conference 

listings, and other  
Society news:  
www.nzgs.org

Management Committee 2021-2022

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

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

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

• technical notes of any length

•  feedback on papers and articles 
published in NZ Geomechanics News

•  news or technical descriptions  
of geotechnical projects

•  letters to the NZ Geotechnical 
Society or the Editor

• reports of events and personalities

• industry news

• opinion pieces

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

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

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

www.nzgs.org

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

POSITION NAME EMAIL

Chair Eleni Gkeli chair@nzgs.org

Vice Chair & Treasurer Jen Smith treasurer@nzgs.org

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

Elected Member Richard Justice rjustice@engeo.co.nz

Elected Member Rolando Orense r.orense@auckland.ac.nz

Elected Member Ayoub Riman ariman@engeo.co.nz

Elected Member Emilia Stocks estocks@tonkintaylor.co.nz

Co-opted YGP 
Representative

Helen 
Hendrickson

ygp@nzgs.org

Co-opted Geomechanics 
News Editors

Camilla Gibbons
Don Macfarlane

editor@nzgs.org
 don.macfarlane@aecom.com

Co-opted Website Editor Olivia Gill Oliviag@cmwgeo.com

IAEG Australasian  
Vice President

Doug Johnson djohnson@tonkintaylor.com

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

ISSMGE Australasian 
Vice President

Philip Robins Philip.robins@beca.com

Appointed Secretary Teresa Roetman secretary@nzgs.org
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TYPE

BLACK  
AND 
WHITE COLOUR 

SPECIAL PLACEMENTS

SIZE
INSIDE FRONT 

OR BACK COVER
OPPOSITE 

CONTENTS PAGE

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

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

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

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

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

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

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

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

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

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

NOTES

1. All rates given per issue and exclude GST

2. Space is subject to availability

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

4. Advertiser to provide all flyers

5.  Advertisers are responsible for ensuring they have all appropriate 

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

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

approval of the NZGS committee.

Advertisers’ Directory

Letters or  
articles for NZ 

Geomechanics News 
should be sent to  
editor@nzgs.org

MEMBERSHIP
Engineers, scientists, technicians, 

contractors, students and 

others who are interested in 

the practice and application of 

soil mechanics, rock mechanics 

and engineering geology are 

encouraged to join.  

Full details of how to  
join are provided on  
the NZGS website  
http://www.nzgs.org/about/
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     2022    

20–23rd February
Cairo, Egypt

4th African Regional Conference on 

Geosynthetics

29th March–7th April
Mexico City, Mexico

6th International Symposium on 

Tunnels and Shafts in Soils and Rocks

 1–5th May
 Sydney, Australia

  20th International Conference  

on Soil Mechanics and 

Geotechnical Engineering

  This will be an in-person and 

hybrid event

15–18th May
Asuncion, Paraquay

LARMS2022 IX Latin American 

Congress on Rock Mechanics

23–25th June
Ohrid, Macedonia

ISRM 5th Symposium of the 

Macedonian Association for 

Geotechnics

     2023    

7–9th June 
Bucharest, Romaina

17th Danube-European Conference  

on Geotechnical Engineering

25–28th June 
Crete, Greece

9th International Congress on 

Environmental Geotechnics

17–21st September 
Rome, Italy

12th International Conference  

on Geosynthetics

9–14 October
Salzburg, Austria

15th ISRM International Congress  

on Rock Mechanics

     2024    

25–30th August
Lisbon, Portugal

XVIII European Conference  

on Soil Mechanics and  

Geotechnical Engineering

26–29th June
Santa Fe, USA

56 US Rock Mechanics/

Geomechanics Symposium

26–28th June
Chania, Greece

9th International Congress on 

Environmental Geotechnics

27–29th June
University of Cambridge, UK

TC204: Geotechnical Aspects  

of Underground

17–19th August
Xuzhou, China

ISRM 4th International Conference  

on Rock Dynamics

12–15th September
Helsinki, Finland

EUROCK2022

20–23rd September
Rotterdam, The Netherlands

11th International Conference on 

Stress Wave Theory and Design  

and Testing 

29–1st November
Melbourne, Australia 

AusRock2022 – 6th Australasian 

Ground Control in Mining Conference

LINKS ARE  

AVAILABLE FROM  

THE NZ 

GEOTECHNICAL 

SOCIETY WEBSITE  

WWW.NZGS.ORG 

International Events 



ROCKFALL AND

LANDSLIDE
PROTECTION

TECCO® slope stabilisation

T35  stainless steel rockfall barriers

SLOPE, 

SCC 500 rockfall canopy

Debris flow barriers Shallow landslide barriers

SPIDER®  rock stabilisation

Geobrugg (NZ)
Christchurch 

T: +64 220 499 897 
stu.mason@geobrugg.com 

www.geobrugg.co.nz
Your local Geobrugg specialist:
www.geobrugg.com/contacts



COMPANY PROFILE

www.menardoceania.com.auwww.menardoceania.com.au

Parakiore Recreation and Sport Facility ,
Christchurch

We’ve proudly participated in the
construction of what will be the largest
indoor aquatic and recreation facility in
the country. 
The seismic challenge of the site
required 7.200 stone columns, an
affordable and robust ground
improvement technique, increasing soil
bearing capacity, minimising long-term
settlement and reducing earthquake
induced liquefaction.

Ground
Improvement

Specialists
Jet grouting Soil Mixing

CMC Grouting

Vibro compaction Stone columns

and more...

SYDNEYBRISBANE PERTH MELBOURNECHRISTCHURCH

www.menardoceania.co.nzContact us!


