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CHAIRMAN’S CORNER

2000/2001 Management Committee
In November of last year, six nominations were received
for two vacancies on the management committee. A postal
ballot was held in December, resulting in Ian McPherson
being re-elected and Stephen Crawford elected to the
management committee. Congratulations to both of them.
The management committee for the current year is:
• Guy Grocott, Chairman
• Debbie Fellows, Secretary (appointed position)
• Ian McPherson, Treasurer
• John Berrill 
• Stephen Crawford 

Co-opted members:
• Grant Murray, Editor of NZ Geomechanics News, until

August at which time Grant takes up the position of
Australasian Vice-President ISSMGE

• Chris Bauld, Young Geotechnical Professional’s
representative

Ex officio:
• Bruce Riddolls, Australasian Vice-President IAEG
• Mark Randolph, Australasian Vice-President ISSMGE
• Chris Haberfield, Australasian Vice-President ISRM

It is very pleasing to note that Chris Bauld has agreed to
become a co-opted member of the management committee
in the capacity of young geotechnical professional’s
representative. The objective of the position is to encourage
participation in the management committee by younger
members of our society. Chris will be forming a liaison
group to give feedback to the committee on what younger
members want from the society.

Stephen Crawford has the considerable challenge of
organising the 9th ANZ Conference on Geomechanics to
be held in February 2004.

Incorporation
During the past year our members were invited to vote on
the Management Committee’s proposal for Society
incorporation. Initially, progress was slow towards
receiving the required number of votes. However, I am now
very pleased to report that a majority of members have
voted in favour of incorporation, and we have received all
approvals of our rules from the Companies office.

NZGS 2001 Symposium
Planning is proceeding with this year’s August
symposium in Christchurch, the title of which is

“Engineering and development in hazardous terrain”. As
the title states, the symposium is intended to encapsulate
the challenges of investigation design and construction of
all types of development projects encompassing the range
of hazards experienced in New Zealand, including slope
instability and erosion, flooding, seismic shaking and
faulting, volcanism, and man-made hazards arising from
contamination of the environment. The organising
committee led by Kevin McManus of Canterbury
University has received approximately 40 abstracts from
invited speakers for each of the main themes, as well as
participants who have responded to the invitation to
present papers and posters. It is particularly pleasing to
note that a number of abstracts have been received from
our Australian Geomechanics Society colleagues, as well
as a few from other countries. 

The symposium will include trade exhibitions and field
trips to visit SH73 Arthur’s Pass viaduct project, Candy’s
Bend reconstruction and major debris flow protection
structures at the Mount Cook tourist village. The
symposium will be preceded by an International
Association of Engineering Geology (IAEG) workshop,
the title of which is “Engineering geology in the computer
age – back to basics”. It is also intended to hold a
workshop style session on Section 36(2) of the Building
Act, a review of which is presently under way by the
Department of Internal Affairs. It is intended the session
will include invited participants from different industry
sectors (insurance, legal, territorial authorities,
geotechnical practitioners) who will offer a range of
opposing viewpoints on possible changes to the Act.
Warwick Prebble will present the Geomechanics Lecture
as part of the symposium. It offers to be an event with
something for everybody, so we encourage as many of our
members to come to Christchurch in August as possible.
Check the event out on the symposium web page:
www.conference.canterbury.ac.nz/ geotechnical.

IPENZ Review
One of the challenges facing the Society in the short term
is possible changes to the way IPENZ will charge technical
groups for services provided and requirements for
operating as an IPENZ technical group. Potentially, this
could result in considerable additional costs to our
members and in changes to the way we operate if current
proposals are implemented. The management committee is
presently reviewing the implications for the Society.

Guy Grocott
Chairman
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Another packed issue that had to be pared down at the last
minute in order to keep the number of pages down to
something that would not be too taxing on the attention
span of the average member. Sadly, this meant postponing
again the NZ publication of the excellent Robin Fell paper
presented last year as the EH Davis Memorial Lecture.

However, you will find some varied technical papers
including the follow-up article to Coping with Subsurface
Risks from Ric Donnelly and an interesting item from
CSIRO on the Calcite In Situ Precipitation System. I was
very pleased to capture an article from Andrew Dawson (a
recent visiting lecturer at the U of A) on granular materials
for pavements and I have also managed to find space for
my EQC sponsored paper to last year’s international
symposium on landslides. 

All the usual items are back although it is fair to say that
I was disappointed with the branch reports that I am sure
do not reflect the level of societal activity. Based on the
number of submissions for the photo competition it is
apparent that there are not nearly as many geotechnical
failures as you might believe. Congratulations to Ormiston
Associates, $200 will find its way to you shortly and well
done to Paul Finlay for making the effort.

Section 36(2) of the Building Act rumbles on and the
latest activities of the Working Party are reported here. It
is also apparent that there has been an enthusiastic
mobilisation of society resources to address the issue of
Expansive Soils – read all about it! 

Laurie’s Brain Teaser is a challenge and there are four
excellent book reviews. After the flurry of letters in the
last issue I was saddened to see that my post-bag was
empty this time around. However, Bob Wallace is still

ranting away and has devised a little role-playing game to
get you thinking. New features in this issue are the
Company and Personal Profiles. This month they were
selected at random but if you, or your company, wants to
be in the December issue just drop me a line.

Included with the Branch Reports is a technical
discussion paper presented by the Wellington
Coordinator, Ian McPherson. This has been included
because it is not our editorial policy to specifically exclude
anything that has been submitted in good faith and it is
also not our policy to substantially alter the technical
content of any submission. However, it was with some
interest that I read Ian’s Disclaimer at the close and we
must therefore assume that this paper is simply a reflection
of the state of practice for rock anchoring in Wellington.
For the sake of the Society’s credibility I sincerely hope
that the issues raised are responded to vigorously by the
membership.

In the next issue I will hopefully have the space for
Fell’s landmark treatise and I am also looking forward to
some contributions on the recently published
“Probabilistic Techniques for Optimising Cut-Slope
Earthworks” (Transfund New Zealand Research Report
RR189). In the interests of providing the Society with a
fair and balanced presentation of the issues perhaps I
could encourage the report authors to submit their
response to those that believe it is a blatant misuse of
statistical processes and makes no engineering sense
whatsoever.

Grant Murray
Editor

EDITORIAL

The Editorial Team:

Grant Murray
Editor
Sinclair Knight Merz
PO Box 9806
Auckland
GMurray@skm.co.nz

Sophie Pezaro
Debbie Fellows
Assistant Editors

Sally Fullam of ArtDesign
Design and typesetting
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EDITORIAL POLICY

NZ Geomechanics News is a newsletter issued to members
of the NZ Geotechnical Society. It is designed to keep
members in touch with recent developments within the
Geo-Professions both locally and internationally.

Persons interested in applying for membership of the
Society are invited to complete the application form in the
back of the newsletter. Members of the Society are required
to affiliate to at least one International Society and the rates
are included with the membership information details.

The editor’s team is happy to receive submissions of
any sort for future editions of NZ Geomechanics News.
The following comments are offered to assist potential
contributors. Technical contributions can include any of
the following:
• technical papers which may, but need not necessarily be,

of a standard which would be required by the
international journals and conferences 

• technical notes
• comments on papers published in Geomechanics News
• descriptions of geotechnical projects of special interest.

General articles for publication may include:
• letters to the NZ Geotechnical Society
• letters to the Editor
• articles and news of personalities
• news of current projects
Submission of text material in camera-ready format is not
necessary. However, typed copy is encouraged particularly
via e-mail to the editor or on floppy disk. We can receive
and handle file types of almost any format. Contact Grant
if you have a query about format or content.

Diagrams and tables should be of a size and quality
appropriate for direct reproduction. Photographs should
be good contrast black and white gloss prints and of a
suitable size for mounting to magazine format. NZ
Geomechanics News is a newsletter for Society members
and papers are not necessarily refereed. Authors and other
contributors must be responsible for the integrity of their
material and for permission to publish.

REPORT FROM THE SECRETARY

Society membership is currently flourishing with a total of 466 members. 

New Members
It is a pleasure to welcome the following new members into the Society since the last issue of NZ Geomechanics News:

Resignations
M G Scuderi and F R Smith have tendered their resignations from the Society.

Subscriptions
Invoices have been sent to all members late last year. To date, a large number have not been paid.

Society Incorporation
Incorporated status has finally been attained as of February 2001. A big thank you to all those who voted and assisted
in making the incorporation process happen.

Debbie Fellows
Management Secretary

PLEASE PAY YOUR SUBSCRIPTION PROMPTLY

D Reid
A Robinson
W Okada

W Price
L Billings
S Richards

M Preston
P Malan
S Pezaro

F Kerkslake
S Ward
G Dellow



GEOFOAM
SEMINAR 2001

USE OF POLYSTYRENE FILL IN 
BUILDING AND ROAD CONSTRUCTION

With special guest speakers and visual presentation.

Location: Waipuna Lodge
Date: 20th July 2001
Time: 10 am till 1 pm

Buffet lunch provided
Registration of interest by Fax: 09 277 6704

or email koolfoam@xtra.co.nz
Register by 7th July 2001 as numbers are limited

SPONSORED BY
Koolfoam Ltd Expol Ltd Long Plastics Ltd



A meeting of the Board of the ISSMGE was held at the
Melbourne Geo-Eng 2000 Conference in November 2000.
A number of issues were raised:
• Declining membership of ISSMGE (17,000 down to

15,700 since 1993), although regionally Australia and
New Zealand have increased membership.

• New Technical Committees (35 and 36) on micro-
geomechanics and soft soil foundation engineering (see
Table).

• Papers for the next ICSMGE at Istanbul are to be
submitted by February 2001.

• Very successful first International YGEC held in
Southampton in September 2000, with New Zealand and
Australia both well represented; proposal for further
such conferences every 3 years or so, but in response to
requests from Member Societies, rather than by formal
rotation. Decision on next venue to be taken at the
Council Meeting in August 2001 (guidelines to be
circulated beforehand to Member Societies).

• Further discussion on voting policy, trying to balance
the merits of single votes per country, or weighted votes
for those countries with large membership.

• Establishment of a web-based International
Geotechnical Services Directory through the ISSMGE
web site.

• ISSMGE Young Members Awards – nominations (one
per country) to Professor Neil Taylor by the end of
February 2001.

• Model Library – suggestions needed for good texts on
(a) ground reinforcement; (b) underground works; and
(c) environmental geotechnics.

• SGI-Line – this service is now free to all members of
ISSMGE, and provides an excellent database of
references.

There was also a meeting of the Joint Societies (ISSMGE,
ISRM and IAEG), where the discussion centred on

whether a repeat of Geo-Eng 2000 should be held.
Already, a bid had been received from Canada to hold a
similar jointly sponsored conference in 2004, but the
question remained as to whether such a series should be in
parallel with current 4-yearly conferences of each sister
society, or should replace them (perhaps in rotation).

Note that we are still hoping to get Professor Harry
Poulos elected as President, with the only other
nomination that I am aware of so far being that of
Professor William Van Impe (Belgium). Any help from the
NZ geotechnical community in lobbying for Harry
Poulos would be much appreciated.

The Secretary-General has recently sent a reminder to
ensure that the regional conferences for 2003/4 proceed
smoothly. Our next ANZ CSMGE is scheduled for
Auckland in 2004, and I trust that planning for this is
progressing. 

The next ISSMGE Board meeting will be in
Blacksburg, Virginia, in June 2001, and this will be
followed by Council and Board meetings at the Istanbul
ICSMGE.

Finally, can I offer my congratulations to Grant Murray
on his election to carry the baton of ISSMGE Vice-
President for Australasia for the next 4 years.

Mark Randolph
Vice-President (Australasia), ISSMGE

Professor M. F. Randolph FAA, FTSE
Centre for Offshore Foundation Systems
The University of Western Australia
Nedlands, WA 6907
Australia

Tel: +61 8 9380 3075
Fax: +61 8 9380 1044
Email: randolph@civil.uwa.edu.au
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INTERNATIONAL SOCIETY REPORTS

ISSMGE

Report on ISSMGE Activities: September 2000 – February 2001
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Technical Committee SMS Chairman Australian or (NZ) Fax Number  
Representative 

TC-1 Instrumentation for Geotechnical Monitoring Turkey Dr T Durgunoglu    

TC-2 Centrifuge Testing Canada Dr R Phillips Dr D P Stewart +61 8 9380 1044  

TC-4 Earthquake Geotechnical Engineering Portugal Dr P Seco E Pinto Prof M Pender (NZ) +61 9 3737 462  

TC-5 Environmental Geotechnics Germany Prof J L Katzenbach Mr R Parker +61 3 9818 7990

Dr M Bouazza +61 3 9905 4944  

TC-6 Unsaturated Soils Canada Prof D Fredlund Dr B Richards +61 7 3378 2078  

TC-7 Tailing Dams Chile Prof J H Troncoso A/Prof M Fahey +61 8 9380 1044  

TC-8 Frost Finland Prof E Slunga    

TC-9 Geosynthetics and Earth Reinforcement Japan Prof H Ochiai Prof M Hausman +61 2 9330 2633  

TC-10 Geophysical Site Characterisation Sweden Dr R Massarsch Mr B Whiteley  +61 2 9888 9977  

TC-11 Landslides Canada Dr J Locat Prof R Fell +61 2 9385 6139  

TC-12 Validation of Computer Simulations Australia  Prof J Carter Prof J Carter +61 2 9351 3343  

TC-14 Offshore Geotechnical Engineering Norway Dr S Lacasse Prof M Randolph +61 8 9380 1044  

TC-15 Peat Netherlands Mr R J Termaat    

TC-16 Ground Property Characterisation from In Situ Testing Canada Prof P K Robertson A/Prof M Fahey +61 8 9380 1044  

TC-17 Ground Improvement USA Prof I Juran Mr G Mostyn +61 2 9385 6139  

TC-18 Pile Foundation Belgium Prof W van Impe Prof H Poulos +61 2 9888 9977  

TC-19 Preservation of Historic Sites Italy Prof C Viggiani    

TC-20 Professional Practice India Prof V V S Rao Mr D Starr +61 7 3832 1687

Mr M Stapleton (NZ) +64 9 377 1170  

TC-22 Indurated Soils and soft Rocks  France Mr J L Durville Prof I Johnston +61 8 9639 0138  

TC-23 Limit State Design in Geotechnical Engineering S Africa Prof P Day Mr G Mostyn +61 2 9385 6139 

TC-24 Soil Sampling UK Dr D Hight   

TC-25 Tropical and Residual Soils Brazil Dr P T Cruz Dr J Simmons +61 7 3278 1004

Dr L Wesley (NZ) 

TC-26 Calcareous Sediments Australia Prof R J Jewell Dr M Khorshid +61 8 9367 7576  

TC-28 Underground Construction in Soft Ground UK Dr R Mair    

TC-29 Stress-Strain Testing Geomaterials in the Lab Japan Prof F Tatsouka Dr D Airey +61 2 9351 3343  

TC-30 Coastal Geotechnical Engineering Japan Prof A Nakase    

TC-31 Education in Geotechnical Engineering France Prof J P Magnan Prof H G Poulos +61 2 9888 9977  

TC-32 Risk Assessment And Management USA Dr E van Marcke Prof R Fell +61 2 9385 6139 

TC-33 Scour of Foundations USA Prof J L Briaud Dr L Cheng +61 8 9380 1018

Mr B Melville (NZ)   

TC-34 Deformation of Earth Materials Greece Prof Vardoulakis Dr Hans Muhlhaus +61 8 9389 1906  

TC-35 Micro-geomechanics UK Prof M D Bolton Dr Hackmet Joer +61 8 9380 7318  

TC-36 Soft Soil Foundation Engineering Mexico Prof G G Auvinet    

TC-37 Geotechnical Aspects of the Design and Europe

Construction of Pavements and Railtracks (ex-ETC11) 

ISSMGE Technical Committees

INTOROCK DRILLING

Geotechnical Investigation

Construction & Drainage Drilling

Mob: 025 488 248   Ans/Ph: 09 268 1046



Introduction
This report covers ISRM business for the period October
2000 to February 2001. The last Board meeting was held in
Melbourne at GeoEng 2000 on 18th November 2000 and
was continued on 20th November 2000. A combined
Board meeting with ISSMGE and IAEG was also held on
18th November 2000. The last Council meeting was held
in Melbourne on 19th November 2000.

Commissions
A new Commission on Information Technology has been
formed under the Chairmanship of Prof Ove Stephansson.

Interest Groups
Invitations to form interest groups in Blasting, Mines,
Petroleum and Tunnelling have been sent to Dr W
Fourney, Dr N van der Merwe, Dr J C Roegiers and Prof
G Barla respectively. The group on Mining is now
established, organisation for Petroleum is well advanced,
blasting is in the initial phases of development and
tunnelling is yet to be activated.

2001 ISRM Symposium
The 2nd Asian Rock Mechanics Symposium will be held
in Beijing, China, on September 11-14, 2001. Registration
Bulletin is now out and early registrations close 10th July
2001. Details can be obtained from :
Secretariat of ISRM 2001, 2nd ARMS
Institute of Geology and Geophysics, Chinese Academy
of Sciences
P O Box 9825 Qijiahuozi
Beijing 100029 CHINA
Fax +86 10 62040574
Email: egml@igcas.igcas.ac.cn 
Website: www-ext.lnec.pt/ISRM/isrmevnt.htm#china2001

Next President 
The next President will be elected in September 2001and
will act as President elect until 10th ISRM Congress in
2003. Nominations are being called from National Groups.

Rocha Medal
The Rocha Medal 2001 has been awarded to Dr Daniel
Francois Malan of South Africa for a PhD entitled “An
investigation into the identification and modelling of
time-dependent behaviour of deep level excavations in
hard rock”.

ISRM News Journal
G Mostyn and C Haberfield are currently preparing an
Australasian edition of the News journal. We have asked
several people and organisations for contributions, but
would welcome contributions from other parties. C
Haberfield is also putting together an issue of the journal
on GeoEng2000. 

X ISRM Congress
Organisation for the next ISRM Congress to be held in
Johannesburg, South Africa, 7-12th September 2003, is
well in hand.

XI ISRM Congress, 2007
Submissions for holding this congress have been received
from the Italian Geotechnical Society (Torino) and
Portuguese National group (Lisbon).

Vice-Presidents at Large
Following a proposal from the USA National Group, the
Board voted to increase the number of Vice-Presidents at
Large from 2 to 3 and to forward this motion on to
Council where it was accepted. This allows for a more
balanced representation of the strongest rock mechanics
communities on the Board.

First Vice-President
Chris Haberfield, Vice President for Australasia has been
elected First Vice-President.

8 Year Plan
The immediate past Board prepared an 8 year plan for the
ISRM. This plan was acknowledged and accepted by the
current Board. Copies can be obtained from Chris
Haberfield.

Cooperation Between ISRM, IAEG 
and ISSMGE
A combined Board meeting of the three Societies was held
at GeoEng2000. In particular the proposal from Prof
Morgenstern for the creation on an International
geotechnical Union was discussed. The ISRM Board
agrees in principal with more cooperation between the
Sister societies, but there are a lot of details to work out.
The next joint meeting will be held in Beijing in September
2001.
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ISRM

Vice President’s Report to NZGS Management Committee and AGS National Committee, February 2001:



Task Force on ISRM Membership
A Task Force to look at ISRM membership has been set up
and will be convened by Dr G Gurtunca, VP for South
Africa. The first meeting of the Task Force will be at
EUROCK 2001 in Espoo, Finland, in June.

Renewal of Membership
The National Group of Slovakia has been reinstated after
payment of outstanding fees.

Associate Professor Chris Haberfield
ISRM Vice-President for Australasia

Department of Civil Engineering
Monash University
Clayton, 3800
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Executive and Council
Minutes have been received of the annual meetings for
2000 held in Rio de Janeiro last August. One outcome was
a statute change so that there is now a new category of
membership, namely “Honorary Member”, for
“exceptional services to the IAEG”. Modifications to the
statutes in relation to regional conferences are also in
progress.

I attended a meeting of the Executive Committee in
Melbourne in November. Two main issues were discussed.
The first was the possible organisation of “GeoEng 2004”,
which was supported in principle; Canada and China have
expressed interest in hosting the next conference.

The second issue was a proposal by Professor
Morgernstern in his keynote lecture “Common Ground” 
at GeoEng 2000 for the creation of an International
Geotechnical Union out of IAEG, ISSMGE and ISRM.
Whilst favouring a liaison committee of the three sister
societies, the initial view of the Executive was that IAEG
would wish to preserve its autonomy, given that its
activities extend beyond geotechnics.

The 2001 IAEG Executive and Council meetings will
take place in Helsinki, Finland, in August 2001, in
conjunction with the international symposium
“Aggregate 2001 Environment and Economy”.

Australasian Group
The inaugural meeting of the Australasian IAEG Group
in Melbourne during GeoEng 2000 was well attended.
Much of the (informal) discussion centred on registration
issues for Australian members. Last year’s initiative of
establishing a database of Australasian practitioners has
not resulted in a wide response from NZ, more interest

being shown in Australia. The database will be posted
shortly.

On the Thursday immediately preceding the NZGS
symposium in Christchurch in August 2001, an IAEG
member’s workshop is programmed, entitled
“Engineering Geology in the Computer age – Back to
Basics”. Emphasis will be on the need to routinely prepare
an engineering geological plan of uniform standard as a
core task of geotechnical assessment.

9th IAEG Congress
“Engineering Geology for Developing Countries”,
Durban, 16th –20th September, 2002. The first bulletin
and pre-registration forms are now available.
www.stanfield.ac.za/Durban 2002

IAEG Bulletin
We have been reminded yet again by the editor of the
IAEG Bulletin about the dearth of papers from this
region. We surely have some really interesting engineering
geology projects and problems that deserve international
recognition. So please think seriously about making a
contribution.

Bruce Riddolls
IAEG Vice-President for Australasia

PO Box 2281
Christchurch

Ph: +64 3 377 5696
Fax: +64 3 377 9944
Email: briddolls@golder.co.nz 

IAEG



Assessment of Mass Movement Mechanisms in the Thames-Waiomu Region, 
Coromandel Peninsula
Wayne Gunn, Department of Earth Sciences, University of Waikato

Strong Ground Motion in the 1994 Arthur’s Pass Earthquake
Pierre Malan, University of Canterbury 
Abstract

Abstract
The Thames-Waiomu region is characterised by
consecutive sequences of Late Miocene hydrothermally
altered 2-pyroxene andesite flows overlain in part by
unaltered hornblende andesite deposits. Within the study
area a full continuum of mass movement processes and
deposit types are present.

The objectives of this project include: (1) the examination
of lithological/geomorphic structure with regard to mass
movement generation and occurrence; (2) the investigation
of geological, geomorphic and morphometric drainage
basin variables in relation to alluvial fan types and sediment
transport mechanisms; and (3) to characterise lithological
rock strength through the application of engineering rock
mass classification systems.

Geomorphic investigations have identified two distinct
types of alluvial fan systems associated with primary

drainage basins in an uplifted range setting. Shallow angle,
fine-grained, fluvially dominated fan systems feature in
combination with large area catchments. In contrast, steep
angle, lobate, boulder debris flow fan systems are located in
conjunction with rugged small area drainage basins. Debris
fan construction is a result of weathering/alteration
processes and the detachment of joint blocks followed by
the subsequent downstream deposition through successive
debris flows. The nature and occurrence of debris flow
events is controlled by debris supply conditions, the degree
of entrained channel material, basin lithological
characteristics and the degree of weathering/alteration.

The future occurrence of debris flow activity and other
mass movement events poses a significant geological hazard
to the residential and infrastructural building developments
situated on recognised relict debris fan deposits.

The magnitude 6.7, 1994, Arthur’s Pass earthquake was the
largest earthquake in the Southern Alps in over 30 years. It
generated the largest peak ground acceleration yet
measured on the GNS seismograph network (0.5g lateral).
The earthquake is significant both in our knowledge of

earthquake induced ground motion and seismic hazard in
New Zealand. The ground motion was recorded by a
significant number of IGNS accelerometers. As well as this,
portable seismometers installed after the event recorded a
larger number of aftershocks. These records are used in an

Laurie Wesley came to talk in Hamilton about The Leaning
Tower of Pisa. It was all on 29th March at The University of
Waikato. The presentation was held as a joint meeting with
IPENZ. There were more than 30 people there. Very
impressive I thought. A very good talk.

Future scheduled events include Colin Viska from Slope
Indicator, Australia, presenting a talk in August in Tauranga.

NZGS Student Prize 2000
The Waikato/BOP branch had the pleasure of hosting the
presentation of the NZGS Student Prize (Northern region).
Pierre Malan and Wayne Gunn gave excellent presentations
to the 20 people who attended. Both contestants were
commended on areas of their presentations along with a few

helpful hints for next time. The judges concluded that the
prize should be awarded to Wayne Gunn from Waikato
University. The following two abstracts are provided for
your information.

During adjudication the crowd was treated to a
presentation by Jayanthi Jayawardine. The topic,”How
slight is slightly weathered”, may well become a
contentious issue for the members of the Geomechanics
Committee

Thank you to all involved including the judges, Mark
Mitchell, Tam Larkin and Grant Murray. 

Paul Burton
Waikato/BoP Branch Co-ordinator
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No report received
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attempt to isolate the effects of fault geometry on ground
motion. The specific effects of fault geometry are presented.
These effects highlight the differences that exist between
point source and finite fault length models. The entire data
set from the earthquake was analysed for directivity effects.

Strong ground motion records from 3 sites in particular

were examined, the police station at Arthur’s Pass village,
the information on the complexity of the rupture is
presented, as well as the implications that this had for the
research. An attempt was made to model the rupture using
a simple model. These results are presented. The results
and implications of the work are presented.

This paper summarises the discussions on the use of
ground anchors to improve stability at the Wellington
Branch’s October 2000 Meeting. The meeting was based
around a series of flip charts with the audience invited to
express their opinions. It focused primarily on unstressed
anchors or dowels.

Rock Strength Parameters
In Wellington greywacke, there are a number of published
sources of data. Options for effective stress parameters
include:
• Mick Pender’s parameters for highly weathered

greywacke. The results were based on 190 (or so) triaxial
tests. Typically, the mean cohesion was 40kPa to 50kPa
and the mean friction angle about 35 degrees. Using a
statistical analysis, the upper 95-percentile cohesion was
200kPa and lower 95 percentile was negative. Caution
needs to be used when applying high cohesion values as
it has a large effect on stability and to use 50kPa
cohesion is probably unwise.

• Mick Pender’s non-linear strength envelope for
moderately weathered greywacke. Intuitively this is a
good option as it is well recognised the rock has a strength
proportional to normal stress. Hence, at low stress the
friction angle is 60° or 70° with minimal cohesion.

• Hoek Brown. The Hoek-Brown method also gives a non-
linear relationship between shear strength and normal
stress. It is an empirically derived model based on the
unconfined compressive strength of the rock and three
constants, which are based on the rock type and rock mass
characteristics. Recent research in New Zealand indicates
that published information on the constants are not
appropriate for New Zealand rocks which is commonly
very strong but highly jointed. More information on the
use of the Hoek Brown model can be found in a paper by
S Read, L Richards and N Perrin presented in the June
1999 edition of the Geomechanics News. Note that the
Hoek Brown method is for unweathered rocks and may
have limited potential for shallow cuts, which are typically
moderately weathered rock.

• Back analysis/study of defect orientation. This method
got a lot of support but can be difficult to apply in
practice. With greywacke, defect orientation can be

highly variable over short distances, which makes
extrapolation of data more difficult. A back analysis can
be useful if there are some steep near by slopes that can
be modelled. However, it may be of limited use if nearby
slopes are relatively flat and kinematically admissible
failure surfaces difficult to define. Another problem is
that a back analysis will yield an infinite range of
cohesion and friction angle. The question still remains
which is the best option. Possibly, minimal cohesion and
primarily friction angle is the safest, especially for the
earthquake case. During an earthquake, the rock will
move outwards which will decrease normal stress hence
the frictional component of resistance. By contrast, the
cohesion component of rock resistance is unaffected by
an earthquake.

• In summary, there was no clear-cut consensus and the
main point was to match the situation to the budget,
scope of work and risk. For small, low budget jobs,
published information is probably appropriate. For
large, multi-million dollar projects, there will be budget
for more detailed investigations and hopefully a net
saving by more carefully tailoring the support system to
ground conditions.

Failure Surface Geometry
• Circular – has the advantage of being simple and easy to

use and is generally conservative. However, not many
rock slopes fail in a circular mode.

• Planar – probably closer to reality in rock and common
for shallower surfaces along defect controls.

• Two-part wedge – rock slopes commonly fail as a two-
part wedge with a main failure plane and a steeper head
slope. Possible a 60° failure plane with a 75° head slope
over the top 20% of slope may be a good initial start for
non-critical slopes.

• Defect Controlled – intuitively the best option but often
difficult to implement in pervasively jointed greywacke.

• In summary, people tended to favour a defect controlled
failure surface approach. However, again the “horses for
courses” approach was recommended with a simple
approach and more conservative design in low risk/low
budget cases and some thing more sophisticated for
larger budget/higher risk projects
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Software
• People used a range of software including Utexas, X-

Stabl, Slope/w, Slope 8R and Sarma. A variety of
algorithms were used including Bishops circular, Sarma,
Janbu and Spencer.

Groundwater
• Should be considered.
• Can use Ru but piezometric line was the preferred

option.
• Typical drainage methods to control groundwater

include long bored drainholes, shallow, closely spaced
based drainholes (say 0.5m deep), and geotextile strips
under the shotcrete. The strips can be placed vertically
or on an angle.

Factors of Safety
• On static case greater than 1.5.
• On seismic case greater than 1.2.
• On anchor capacity FOS = 2 for static case (the 1.5

factor inherent in the stability analysis is ignored). This
is consistent with BS 8081. For seismic case FOS more
flexible and is commonly dependent on level of risk.

• On grout/rock FOS = 3 which is consistent with BS
8081.

• BS 8081 has hierarchy of anchor bar failure (FOS = 2)
before pullout failure (FOS = 3). This is satisfactory
where there is a clearly defined failure plane behind
which the bond length is calculated (say 3m bond length
required to give FOS = 3 for 25mm bar). What happens
if using Slope/W and say critical surface passes halfway
through the bonded length? The FOS on bond stresses
may be 3 but FOS on actual bond capacity is1.5 (i.e. half
of bond length and hence half of capacity). Hence, the
anchor could pull out before breaking. More care is
needed in this situation and possibly anchors need to be
lengthened or a higher target FOS used in the stability
analysis.

• In summary, there was consensus on the use of FOS but
(in my mind at least) the question of a reduced bond
length was not finalised.

Earthquakes
• May not always allow for, it depends on the

circumstances, and the risk and consequences of failure. 
• Generally, people allowed for the code requirements. In

Wellington this would be 0.3g for a Class IV risk
building. A higher risk factor may be used in more
critical cases, which will give a higher design
acceleration.

• The actual accelerations used by different people and
companies varied and cases of using 0.47g have been
seen.

Anchors
• Use stressed when slopes steep and control of

deformations important. They are more expensive but
can be more widely spaced. Stressed anchors are useful
in more relaxed rock conditions.

• With bar anchors it is probably best to have a relatively
long unbonded length so that a reasonable amount of
“stretch” can be developed in the bar. Reidbar anchors
for example have a relatively coarse thread and it is easy
to “lose” some of the tension in the bar if the nut is not
properly tightened. With a longer bonded length the
“stretch” is greater so proportionally the loss of 1mm or
2mm will not be as important (i.e. 1mm loss in a 10mm
stretch is a 10% loss of pre stress while 1mm in a 5mm
stretch is 20% loss. Possibly, 67% unbonded/33%
bonded with a minimum bond length of 3m to 4m is a
good place to start.

• Unstressed anchors (or dowels) are used in smaller, less
steep slopes. They are generally placed at relatively close
centres (say 2m or so).

• Head details for anchors are not well defined in the
Codes. For flatter slopes (say less than about 60°) with
fully grouted anchors, there is probably not load on the
anchor head as much of the load will be transferred by
the rock/grout and grout/anchor interfaces. For stressed
anchors however, particular care is required to ensure
that the head detail has adequate shear punching
capacity and that the risk of a bearing capacity failure in
the soil or rock around the anchor head.

• The Clouterre Manual (French publication summarising
French soil nailing research) has guidelines on design
load at anchor head.

• Note that even unstressed anchors (dowels) will become
stressed with time as the rock face relaxes outwards with
time.

• Concern has been expressed about the importance of
monitoring stressed anchors. Questions include: Is such
monitoring being done regularly? Will it still be done in
20 years time? Should such monitoring be included in
the building warrant of fitness?

• Corrosion Protection – galvanising is single protection
and usually used in Wellington. With Titan anchors
(Ischebeck) the deformations on the bar control crack
width and information published by Ischebeck indicate
that the grout can be considered as a second layer of
corrosion protection. In some cases with highly stressed
anchors, the anchors are factory grouted into a plastic
tube and this tube is then grouted into the ground.

• The BS 8081 has minimum lengths for bonded lengths of
4m in soil and 3m in rock. The longer length in soil is
probably due to the lower confinement provided by soil
to the grout. I have failed an anchor in sand and this was
probably due to the grout column splitting open due to







the wedging action of the deformations on the bar. This
would probably not have happened in rock, as the grout
would not have been able to expand.

• Published allowable grout/rock bond capacities in
sandstone and argillite for NZ conditions are 850kPa
and 690kPa respectively. Typical values used by people
attending the meeting are 400kPa to 500kPa. Based on
anchor testing that I have carried out in highly to
moderately weathered greywacke rock, these appear
reasonable. A design value of 700kPa (allowable) has
been used but this was in slightly weathered rock at the
toe of a 20m to 30m high cut.

Shotcrete
• Shotcrete is typically reinforced with galvanised mesh

(665 or 668). Some engineers use ungalvanised bars.
• Steel fibre reinforcing is sometimes used. Contractors

tend to find it more expensive and often prefer to use
mesh if given a choice.

• Steel fibres may not provide as much support as steel
mesh or bars. I note that steel fibres are commonly used
in tunnel linings, which are usually in compression, or in
floor slabs where there are minimal bending stresses. By
contrast, the shotcrete face is probably acting as a two-
way slab on its side with significant bending stresses.

• Steel fibres can be useful for smaller cuts, flatter slopes,
or where access is difficult which increases the cost of
placing mesh. Steel fibre reinforcement can also be useful
for slip repairs where the face is very irregular. The
shotcrete can be applied to follow the surface reasonably
closely whereas with mesh there are large gaps between
the reinforcing and face. Hence, the use of steel fibres
can reduce shotcrete volumes and costs.

• Polypropylene fibres can be used to reduce shrinkage
cracking and assist shotcrete sticking in wetter conditions.

• Reinforcing is usually galvanised. With thin shotcrete
thickness and often variable quality of shotcreting, this is
considered a prudent approach.

• Shotcrete is typically applied 75mm to 100mm thick
although some engineers use 150mm thickness. Some
people said they had trouble controlling shotcrete
thickness. Options include using galvanised or wooden
spikes sticking 100mm out from the face (or say 50mm
out from the reinforcing) or 100mm reinforcing chairs
on a regular grid. If these cannot be seen at the end of the
job, the shotcrete must be thick enough. A steel spike
can be pushed in to the shotcrete while it is still wet to
measure shotcrete thickness or the volume of shotcrete
applied can be divided by the face area to give an
indicative volume. If the mesh can be seen as ripples in
the shotcrete, there is probably inadequate cover and the
contractor could be asked to core the shotcrete to
confirm its thickness.

• Silica fume can be added to the shotcrete. Contractors
generally like it as it improves “stability”, particularly in
wet conditions. It costs about $2.00 to $3.00 per m2.
Silica fume also improves concrete durability.
Theoretically, shotcrete should be as dense or denser
than compacted concrete. However, this is not always
the case and silica fume can provide a degree of insurance
on concrete durability by compensating for poor
spraying workmanship.

• The mesh is typically placed centrally which gives
37.5mm to 50mm cover. Note with such thin cover,
galvanising the reinforcement and adding silica fume can
significantly enhance long term shotcrete durability.
This is especially so in Wellington where strong winds
can carry salt a significant distance inland.

• The facing reinforcement can be designed as a two-way
slab. This does not appear to be that common and is
probably not too important for flatter slope (say less
than 60°).

One final point, supported slopes in Wellington are often
effectively a narrow slot excavated into a steep slope. The
side cuts are particularly vulnerable to stability problems as
they are exposed on two sides (i.e. into the cut and
downslope). Small problems can rapidly escalate if stability
problems occur on the side slopes and the neighbour wont
let anchors be installed across the legal boundary. Possibly,
the single most important factor in anchored slopes in
Wellington is getting the “politics” right at the beginning.
Therefore, if anchors do need to be installed across legal
boundaries, they can be with minimal delay.

Acknowledgments
I would like to thank everyone who came along and
contributed to the discussions. Special thanks go to
Steward Read of IGNS who gave a run down on the use
of the Hoek Brown strength criterion. Thanks also go to
Greg Saul and Brabha of Opus for their useful, and freely
offered comments.

Disclaimer
These comments do not purport to be a design guide for
anchored walls. You need to read the right codes and
guidelines for that. The comments in this article are
presented as an indication of common practice and/or
things that an anchor designer may need to consider when
carrying out a design. They certainly do not represent the
recommendations of the Geotechnical Society or myself.

Ian McPherson
Wellington Branch Co-ordinator
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Events to date
28 Feb 2001: Peter Foster (of Opus International
Consultants, Wellington) gave an interesting talk on the
1999 Chi Chi Earthquake, Taiwan, with emphasis on the
behaviour of dams in the epicentral region, and
management of the Tsao Ling landslide dam.
11 April 2001: We were guests of The New Zealand
Society for Earthquake Engineering for a talk on the
recent Nisqualli (Seattle) Earthquake. Many thanks to the
NZNSEE.

Programme for the rest of the year
Late May or early June
Discussion of the geotechnical problems of the
Christchurch area (Port Hills Loess, liquefaction
countermeasures for domestic and other low-budget
structures, foundations in laterally-variable sediments…). 

25 July 2001 
Student presentations. 
Entries by June 8th, please, to berrill@civil.canterbury.ac.nz

26 Sept 2001
Prof Ezio Faccioli, Politecnico di Milano. 
“Foundations for the proposed Messina Straits Bridge” or
“Reinstatement of bridge substructures damaged in the
1999 Turkey earthquakes”.

28 Nov 2001
Dr Kevin McManus, U of C. 
“The place of in-situ testing in geotechnical engineering”.

John Berrill
Christchurch Branch Co-ordinator

No report received

Otago Branch Activity Report
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GeoEng2000 was unique in the history of geotechnical
and geological engineering, being the first time the three
sister international societies have jointly sponsored an
international conference. Thought up five years before,
the ISSMGE, ISRM and IAEG, together with six other
supporting societies or associations, hoped to bring
together like minded people to an exciting and technically
excellent conference. 

In this and every respect GeoEng2000 was a complete
success. From the opening keynote address by Professor
Norbert Morgenstern on the “Common Ground”, to the
closing address by Professor John Burland on “Terzaghi –
Back to the Future”, the conference was a rollercoaster of
stimulating addresses and discussions. 

The format was very much centred around high quality
keynote addresses from leading practitioners around the
world in the mornings, with issues sessions and discussion
groups in the afternoon. Giants amongst the highly
respected speakers included Fell, Dobry, the highly
entertaining Peter Fookes, Read, Abrahamson, Stewart,
Brandl, Martin, Carter and Schuster, to name a few of my
favourites. 

But there was something for everyone at GeoEng2000,
and a strong thread apparent to me throughout the
conference was the importance of geology in geotechnical
engineering. The Common Ground discussed by
Morgenstern, the Total Geological History and
predictable behaviour of geologic models discussed by

Fookes, and the interest Terzaghi held in geology
discussed by Burland all stuck to this common theme. 

Other strong elements were recent developments in
quantitative risk assessment in geotechnical engineering,
the importance of observational methods, some
spectacular case studies, and Morgenstern’s floating of the
concept of an International Geotechnical Union to
permanently join the three international societies. This
concept will be brandished over the next few years, and
then hopefully formed at the next GeoEng2004, possibly
in Canada. All the addresses are available on the
conference CD-ROM which should be available in most
engineering haunts by now. 

But it wasn’t all hard work. Every evening at 5pm sharp
great volumes of refreshments were wheeled out to
distract one from the evening poster sessions, leading to
increasingly ambitious dinner plans for ever growing
groups of New Zealanders and friends. T&T were most
aggressive of all in their dinner plans, often lulling their
guests into a false sense of security before pouncing
forward with the final bill and demanding payment in full.
The other consultants and the universities were also well
represented in Melbourne, and I believe I can speak for
everyone in saying that a very good time was had by all.
Well unless you happened to come down with Malaria
that is... 

Roll on Canada 2004! 

New Zealand Geomechanics News

June 2001, Issue 61 17

CONFERENCE REPORTS

GeoEng 2000
Melbourne, 19 – 24 November 2000 

GeoEng 2000 – An international conference on geotechnical and geological engineering, was by
all accounts a unique event. The following reports provide two perspectives on the conference
and presentations.

Reported by: Dr John Marsh

Section Head of Auckland Geotechnical Group, Beca Carter Hollings & Ferner Ltd

Reported by: Dick Beetham and Phil Glassey

Geological and Nuclear Sciences

Introduction
GeoEng 2000 was a unique and hopefully trend setting
international conference on Geotechnical & Geological
Engineering. It was organised by the Australian
Geomechanics Society but held jointly, for the first time at
an international conference, by the combined International
Societies for Rock Mechanics (ISRM), Soil Mechanics and

Geotechnical Engineering (ISSMGE) and Engineering
Geology (IAEG). 750 delegates from 51 countries attended.
The programme included keynote lectures, generally as
plenary sessions, with speciality and issues lectures and
discussions as concurrent sessions. Posters were presented
at separate times. End-of–day happy hours featuring
mellow Australian wines and delicious finger foods served
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amongst the display booths encouraged mingling and
discussion amongst delegates and display groups.

A sizeable group of delegates from NZ made the most
of the opportunity to attend a world-class geotechnical
conference at a nearby venue that featured a who’s-who of
internationally known geotechnical practitioners, as
invited keynote speakers. The conference was extremely
well organised, Melbourne proved to be a great venue and
turned on excellent weather.

Technical Content
As one might expect, the technical content of the
conference covered the full spectrum of geotechnical
topics, and the quality of presentations varied greatly. The
conference proceedings of invited papers and extended
abstracts are bound into hefty hardcopy volumes, and are
also available on an easier to use and store CD ROM. 

In the opening keynote address, Norbert Morgenstern
concluded that geotechnical engineers must be more
reliable, (i.e. make less mistakes), need more remuneration
and be involved in more multidisciplinary projects.

Quantitative Risk Assessment
One important discipline that seems to be currently
fashionable is Quantitative Risk Assessment (QRA), as
discussed in a papers by Robin Fell (as a method that is
becoming common practice), Ken Ho (Hong Kong
slopes), and Ray Stewart (Canadian Dams). For us, the
paper and presentation by Ray Stewart, of BC Hydro, was
a gem and a feature of the conference.

Seismic Hazard
There was good debate on seismic hazard assessments and
methodologies.

Ricardo Dobry outlined technical specifications
relating to seismic amplification on soft soils, then how
this had been built into new US site response building
codes. Shear Wave velocity was an important input along
with basin resonance and edge effects. The methods of
microzoning and measurement of shear wave velocities
currently used in Colombia were cited as best practice.

Norm Abrahamson presented an excellent lecture on
the state of practice of seismic hazard evaluation including
the misleading terminology and misunderstanding about
what is being calculated and reported. This included both
probabilistic and deterministic assessment, citing some
New Zealand examples.

Kenneth Stokoe and Carlos Santamarina gave a very
good lecture on the use of Seismic Wave velocities to
determine geotechnical properties and sub-surface
conditions as a non-invasive investigation method, and
outlined how seismic wave velocity could be used to
“image” the sub-surface. This has many practical uses and
is a future direction that should be increasingly utilised.

Ground Improvement, Rock Slopes 
and Tunnelling
Excellent examples of current practice in these areas were
presented, specifically by Brandl, Loew, Barala and
Tatsuoka. It appears that the Europeans and Japanese
spend huge sums of money on engineering in difficult
terrain, which makes New Zealand’s infrastuctural
development seem decidedly petty.

Engineering Geology
A conference highlight was an entertaining lecture
presented by Professor Peter Fookes on understanding
and anticipating the geological history of a site. He and
others have developed a series of generic global, local and
geomorphological models that can be applied to a site to
give both the engineering geologist and the engineer an
understanding of the types of geological features that will
have to be taken into account in engineering design. These
will be available on a web site on 2001.

Slopes
In general, from our perspective, this was a slightly
disappointing part of the conference with generally poor
presentations and poor discussion sessions. However, a
Quantitative Risk Assessment approach to slopes should be
included here as this seems to becoming common practice.

Marketing – GeoFair2000
Booths
At the GeoFair2000 there were 76 booths representing 47
exhibitors, ranging from service providers in geotechnical
engineering and product providers of slope stability
software, ground treatment, ground anchors, geotextiles
ground, instrumentation etc. An exhibitor from NZ was
GNS. 

IAEG Australasia Meeting
Chaired by our NZ Vice Chairman, the end-of-day
meeting was dominated by a vocal Paul Marinos, ex IAEG
international president. Key issues were (a) database of
members, (b) education and (c) professional registration.
Discussion mostly revolved around registration. If
Engineering Geologists are to be registered then it should
be through the respective Geotechnical (NZ) and
Geomechanics (Aust.) Societies and via their respective
Institutions of engineers. There was much debate that
didn’t get far. Most of it had been aired at other times.

Other
We attended a relaxing, convivial, and well-attended pre-
conference day trip to a winery. A great way to renew old
acquaintances, and to try a boomerang before buying. On
Tuesday 21 there was the option of attending a technical
tour to Seismic Research Centre (SRC) at La Trobe



University. Similarly on Thursday 23 there was a technical
trip titled “La Trobe Valley slopes”. This was in fact a
misnomer as it was really a tour of the large open pit lignite 
mines which provide coal for 5 thermal powers stations in 
the area that supply about 70% of Victoria’s electricity.
There were very few slope failures to see. The mines and
the power stations have recently been sold to private
owners (Power Works and Power Gen). These power
stations and associated mines are large important assets to
the state economy.

There was an opportunity for networking over dinner
amongst the relatively large, cheerful contingent of NZ
delegates at the conference, particularly those from
Tonkin and Taylor, GNS and University of Auckland.
Phil Glassey and Stephen Crawford (T&T) late one
evening seriously discussed running the next joint ANZ
Geomechanics Society conference in Auckland in 2002?

Sequel 
At the conference closing it was overwhelmingly agreed
that the combined conference had been an outstanding
success. The idea of combining the three international
sister societies (IAEG, ISRM, & ISSMGE) is not new in
NZ or Australia, where the Geotechnical and
Geomechanics Societies represent a combination of all
three international societies. However, in other parts of
the world, particularly Europe and North America, it is a
novel idea! The international committees seemed to be
unanimous in agreeing that further such conferences
should be held every 4 years. Canada has offered to host
the next GeoEng 2004 conference. Our hope is that such
contacts will ultimately lead to the merging of all three
sister societies into ONE “International Geotechnical
Society” which could have panels to cater for technical
speciality interest groups.

On the initiative of Professor Michelle Calvi of the
University of Pavia, Italy, an international postgraduate
school for earthquake engineering has been established
under the name of The European School of Advanced
Studies in Reduction of Seismic Risk (ROSE). Its aim is to
form well-rounded earthquake engineers with a high
degree of technical knowledge. It seeks to attract top-level
graduate students from all over the world to a school
taught by a highly qualified international faculty. The
teaching system is based on a series of intensive short
courses, taught one at a time and of about one month
duration, offered by lecturers from Europe, the Americas,
Japan and New Zealand. Masters and doctoral degrees are
offered, with a masters degree requiring 10 courses and a
two to three month research project.  

The first intake of students arrived in January, and the
school is now well underway. I am privileged to be
amongst the 27 faculty, along with three other New
Zealanders: Michael Collins, Geoff Martin and Nigel
Priestley. I have recently returned from teaching the
second course, in earthquake geotechnical engineering. At
the time of writing (May 2001), Nigel Priestley is giving
the fourth course on bridge design. The language of
instruction is English.

The school is situated in the Collegio Volta, a new
120-bed residential college on the outskirts of Pavia. The
ROSE school occupies a large part of the fourth floor of
the college, with four-room flats for living and a
computer room and study. Classes are held in the college,
with laboratory work in the building of the Department

of Structural Engineering, about 200m away. The city of
Pavia itself, on the banks of the Ticino river about 50 km
south of Milan, is very attractive and dates from Roman
times. It was the medieval capital of Lombardy. With a
present population of 80,000, many of them students, it
is managable and indeed very pleasant for a foreigner to
live in.

It was a joy teaching the small, well-motivated and
bright group of students, which included three Kiwis. An
excellent esprit de corps had already developed amongst
the students and staff. In taking one of the early courses in
a new school on the other side of the world, it was
inevitable that there would be a few starting transients.
More than one of these featured the new, super-fast PC
reserved for the lecturer of the month. Its W2000
operating system was in Italian. I tried to get around that
by installing my English version of WordPerfect and
Quattro; however, it kindly and automatically translated
the Help files, and anything else it could get its hands on,
into Italian. I must report that these and other problems
were resolved gently and effectively, with Italian good
humour. To use a French expression, “the balance-sheet
was bien positive”. 

Two geotechnical courses will be included amongst the
nine given each year. The geotechnical faculty comprises
Julian Bommer of Imperial College London, I. M. Idriss
of U.C. Davis, Ezio Faccioli of the Milan Politecnico,
Geoff Martin of the University of Southern California,
Alain Pecker of Geodynamique et Structure, Paris, and
myself. I would recommend ROSE to anyone considering
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overseas postgraduate study in the structural or
geotechnical end of civil engineering. The course looks to
be shaping up very well, and Professor Calvi’s group at
Pavia is committed to making the school succeed and do
so with style. 

Enquiries can be addressed to the secretariat:
ROSE School
Collegio Alessandro Volta
Via Ferrata, 27100, Pavia, Italy
Tel: +39 0382 548735
Fax: +39 0382 528422
E-mail:rose@unipv.it
Web-site: http://spadino.unipv.it/rose.html 
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The Piazza Vittoria, the medieval centre of the city.

The dome in the background belongs to the

cathedral; it is the third largest dome in Italy.



24 – 25 August 2001
University of Canterbury

Christchurch, New Zealand

The New Zealand Geotechnical Society takes pleasure in inviting you to attend our 2001

Symposium entitled “Engineering and Development in Hazardous Terrain”. The symposium

will feature invited presentations on recent interesting projects encompassing the

investigation, design, risk management, and mitigation for developments subject to:

• river and coastal erosion, deposition, scouring

• slope failures, debris flows, avalanches, rock falls

• active faulting, earthquake shaking, soil liquefaction

• volcanic activity

• subdivisions, contaminated sites, subsidence, and landfills.

Theme sessions will be held over the Friday and Saturday and will be followed by an

optional one day field trip on the Sunday. Ample time will be available for social interaction

and both formal and informal discussions with colleagues. A trade display featuring latest

geotechnical innovations will run concurrently.

Please mark your diaries for this important event and bookmark our website address:

www.conference.canterbury.ac.nz/geotechnical for up-to-date information on the

symposium. The conference registration form will be available this month.

Organising Committee:
Dr Kevin McManus
University of Canterbury
Private Bag 4800 Christchurch
New Zealand
Email: k.mcmanus@civil.canterbury.ac.nz
Telephone: +64-3-351 6808
Fax: +64-3-351 6807

Conference Secretariat:
Conference Office, Centre for Continuing
Education, University of Canterbury
Private Bag 4800 Christchurch
New Zealand
Email: geotech@cont.canterbury.ac.nz
Telephone: +64-3-364 2534
Fax: +64-3-364 2057



2nd Australia-New Zealand Conference on Environmental Geotechnics

28-30 November, 2001

Newcastle Town Hall, Newcastle, Australia

On behalf of the Australian Geomechanics Society and the New Zealand Geotechnical Society, the
organising committee for GeoEnvironment 2001 takes pleasure in inviting you to attend this important
conference. The conference is to be held in Newcastle Town Hall over three days and promises to be a
stimulating and enjoyable conference offering a range of social and technical functions.

CONFERENCE THEMES INCLUDE:
• Day 1 – Soil Chemistry and Microbiology & Site Investigation and Modelling
• Day 2 – Engineering Solutions for Contaminated Sites and Landfill Design
• Day 3 – Managing Environmental Impacts: Toxicology, Assessment, Regulation, 

Planning and Education

Two parallel sessions will run each day featuring over 40 invited presentations from international and
national experts in the field and contributed presentations on a range of topical issues. 

Two PRE-CONFERENCE WORKSHOPS are to be held on the subjects of:
• Landfill Design
• Management of Acid Sulphate Soils

CONFERENCE HIGHLIGHTS INCLUDE:
• Keynote lectures by Prof Kerry Rowe of Queens University, Canada, Prof Craig Benson

of the University of Wisconson-Madison, USA and Dr Ian Swane of Sinclair Knight
Merz, Sydney.

• Trade displays featuring the latest developments in the GeoEnvironmental field
• Conference dinner at historic Wyndham Estate Vineyard in the Hunter Valley and
• All-inclusive welcome reception to be held at Harbourview Function Centre overlooking

the majestic Newcastle Harbour.

For full program details and to register your interest, please visit the conference website at
www.icms.com.au/geoenvironment

Enquires can be addressed to the Conference Secretariat: 
ICMS Pty Ltd, 3rd Floor, 379 Kent Street, Sydney, NSW 2000, Australia

Telephone: +61 2 9290 3366            Facsimile: +61 2 9290 2444              Email: geoenv@icms.com.au 



As part of a joint initiative of the Australian Geomechanics Society and the New Zealand Geotechnical

Society, the Fifth Australian – New Zealand Young Geotechnical Professionals Conference will be hosted

in Rotorua, New Zealand in March 2002. It is expected that the conference will attract delegates from

prominent consulting and contracting firms as well as research institutions throughout Australasia.

In building upon the resounding success of the first four conferences, held previously in Sydney, Auckland,

Melbourne and Perth, the Fifth ANZ Young Geotechnical Professionals Conference aims to:

❑ Promote the professional development of delegates through sharing experience and

ideas, and by presenting a paper to senior professionals and peers

❑ Expand and strengthen the lines of communication between young professionals

within the field of geomechanics

❑ Introduce young geotechnical professionals to the diversity of opportunities within

the areas of:

• Geotechnical Engineering

• Mining and Rock Engineering

• Offshore Engineering

• Engineering Geology

• Environmental Geomechanics

WHO SHOULD PARTICIPATE
Young professionals who will have a future leading role in the geotechnical community. Registration will

be limited to 45 delegates, thus giving sufficient diversity from the various areas of geotechnical

engineering, while still allowing delegates to benefit from an enhanced social atmosphere.

As the conference is aimed at young professionals with up to 10 years experience, an age restriction of

35 years will be applied to potential delegates.

For further information please contact:
Andrew Linton Peter Bosselmann
Tonkin & Taylor Ltd Foundation Engineering 

P.O. Box 5271 P.O. Box 74 549

Wellesley Street Market Road

Auckland Auckland

Ph 09 355 6047 Ph 09 523 5626

Fax 09 307 0265 Fax 09 523 5627

Email: alinton@tonkin.co.nz Email: contactus@fel-nz.com

Fifth ANZ Young Geotechnical 
Professionals Conference

Rotorua, New Zealand 2002



Introduction
A total of 15 people expressed interest, late last year, at
being involved in an NZGS working party on the Building
Act, specifically looking into Section 36.

After establishing that the Department of Internal
Affairs was working on the Building Act, a submission
was prepared by the NZGS working group as a discussion
document on Section 36 of the Act. The document was
posted to DIA on 18th December 2000. This document
(without attachments) is printed in this edition of NZ
Geomechanics News. 

The submission itself (without attachments) has also been
sent to the Chief Building Inspectors of 73 Territorial
Authorities (TAs) in NZ plus the following:
– Building Industry Authority
– Local Government New Zealand
– Land Information New Zealand
– The Insurance Council of NZ Inc.
– NZ Hydrological Society
– NZ Institute of Surveying
– NZ Coastal Society
– IPENZ
– ACENZ
– Association of Local Government Engineers
– Geological Society of NZ
– Rodney District Council
– Manukau City Council
– MP – Nick Smith
– MP – Lockwood Smith
– Parliamentary Commission for the Environment
– Spencer Holmes Ltd

To date, response from a number of parties has been
received, mostly supporting the submission. Some
responses have been in disagreement. All comments on the
submission from the other recipients will be forwarded
onto the DIA.

The working group has met on a number of occasions
to formulate suggested changes in the legislation. It has

been agreed that two possible changes be prepared. One is
radical rewrite of Section 36, which eliminates section
36(2). The alternative is a tinkering with the concerns of
the Act leaving Section 36(2). 

The group has received, but not reviewed, a critique on
the submissions from the BIA via Brian Cashen. BIA is
critical of the submission but have also proposed changes
in the legislation, which meet most of NZGS concerns.

A consultant has been engaged by the DIA to look at
the Building Act and progress the review and it is
understood that further developments will be made in
early June 2001. 

A workshop on the Building Act is proposed for the
NZGS symposia in August 2001. 

Update
The Department of Internal Affairs has confirmed to the
Working Party that substantive changes to Section 36 of the
Act will be recommended as a result of the current review
process. It is apparent that the Department has given
consideration to some of the concerns which we have
raised. We recommend all interested members watch out for
a copy of a Discussion Document on the review of the
Building Act which should be published in June of this year.

Your opportunity to comment
The purpose of publishing this submission in the NZ
Geomechanics News is twofold:
1. To keep the NZGS membership informed
2. To provide opportunity for the membership to comment.

Any comments you wish to make should be forwarded to:

Paddy Luxford
Chairman of Working Group

Babbage Consultants Ltd
P O Box 2027
Auckland
Email: nsl@babbage.co.nz
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1.0 Introduction
This submission in response to the Draft Discussion
Document (23 August 2000) on the Review of the
Building Act 1991 has been prepared by a working party
of the New Zealand Geotechnical Society (NZGS). The
NZGS represents more than 460 design professionals
consisting of geotechnical engineers, engineering
geologists and technicians. As geotechnical specialists
NZGS members are regularly called on by members of the
public to report on land that is affected by Section 36 of
the Building Act (BA), and more particularly that portion
of land affected by Section 36(2) of the Act and land
movement. Due to concern with s36(2) some Territorial
Authorities (TAs) refuse consent rather than issue a
consent under this subsection. This submission is directed
to s36 only.

NZGS has consulted widely with other interested
groups including The Association of Local Government
Engineers (ALGENZ), the New Zealand Hydrological
Society, New Zealand Institute of Surveyors, New
Zealand Coastal Society, New Zealand Society of
Earthquake Engineering, Institution of Professional
Engineers (IPENZ), and the Geological Society of New
Zealand. It is clear from these consultations and from our
own experience that there are significant concerns and
hardships for landowners arising from this section of the
Act and in particular section 36(2). Our members who are
also TAs consider this is probably the most important part
of the Building Act that requires revision. We have agreed
to maintain contact with these groups in our deliberations
with the Department over changes needed to the Act.

Due to time limitations this submission has been
directed to identification of concerns arising rather than
solutions. However, the Society has given many hours of
consideration to solutions and would be happy to provide
such input.

2.0 Background
From our discussions with the Building Industry
Authority (BIA) we understand that the BIA did not
include s36 in the original draft of the Act and can give us
no data on its origins. We believe that s36 originated as
s641 and s641a of the Local Government Act (LGA). The
Society made submissions to the DIA when public
submissions were called for at the time s641a was
introduced.

One of the members of our Working Party
subsequently travelled the Europe and the North
American continent on a BRANZ scholarship looking for
similar legislation but was unable to find any country

which had attempted to provide an equivalent control
procedure.

In Section 5 of this submission we have included some
examples of direct concerns which have arisen. All
examples are based on known case histories but references
to private individuals and organisations have been omitted
due to privacy considerations.

Attached at the rear of this submission are eight
documents, one from a current Member of Parliament that
confirms constituent concerns, one from a TA, one from
EQC and five from members of our committee. These are
included to provide examples of the concern and diversity
of opinion which the current s36 legislation has generated
in its present form. We note that the approach adopted by
the TA is far from universal.

3.0 General Discussion
3.1  The BA was intended to address issues associated with

structures whereas s36 deals with land. The Resource
Management Act (RMA) deals with the land under
details of subdivision. However, as most building
development now also requires a Resource Consent as
well as a Building Consent it could be easier to include
s36 issues in the Resource Consent and maintain
consistency with the provisions of the RMA.

3.2  The Society supports the concept of s36(1) but
seriously questions the need for s36(2) and would
support its complete abolition and replacement.
Section 36(1) is clearly intended to deal with “natural
hazards” but in fact only deals with some of the
natural hazards facing building development.
Nothing associated with volcanic eruption,
earthquake, tectonic movement, tsunami or similar
natural hazard is covered by the Act. Similarly land
movement such as subsidence associated with man
made hazards such as underground mines and old
landfills or gas from the latter are not covered. Each of
these can pose potentially life-threatening risks to
building occupants and users. 

3.3  The NZGS considers it is important that the risks
associated with significant natural and man-made
hazards that may affect the building process are
identified (i.e. clearly stating what the hazard is and
how it could affect the site). Clearly this information
and the risk associated with the hazard needs to be
understood by an applicant at the time of a Building
Consent. The key issue thereafter in our opinion is
that the knowledge of the perceived risk and means of

Discussion Document on the Review of the Building Act 1991
Legislative Submission
NZGS Working Party on Section 36
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mitigation is then transferred to future property
owners. In our opinion the current legislation does
not adequately address this issue. We consider that the
transfer of information (and risk) could easily be
addressed by the simple notation on a title of the
existence of a s36 report (good or bad). A requirement
on all (TAs) to keep copies of such reports would
allow the level of detail required for understanding of
a hazard to be accessed and assimilated.

3.4  The NZGS considers a TA should have a
responsibility to call for an assessment of a natural or
man-made hazard by a competent party where it has
reason to believe such hazard to exist (or where no
statement of suitability of the land exists) and to
monitor during the building process any
recommended mitigation measures. However, beyond
this its responsibilities should end, unless actions
carried out by an applicant could materially affect an
adjacent property. In such cases it should have a
responsibility to ensure that actions by the applicant
do not worsen the hazard on adjacent property.

3.5  In its current form s36(2) of the Building Act can
severely disadvantage a property owner. The
imposition of a Section 36(2) notice on the title to a
property can cause immediate loss in value and severe
difficulty in resale, a loss of ability to insure and
difficulty in raising finance against the property. The
mere suggestion of imposition of a s36(2) can involve
the landowner in unnecessary costs in dispute with
interpretation of the intention of the Act. Often
property owners are completely oblivious to such
effects of a s36(2) notice when they agree to accept a
building consent under such a restriction until some
time later when the effects arise. In some cases this has
led to severe stress and health concerns in the
property owner. The TA should have an obligation to
provide sufficient supporting data identifying the
implications of a s36(2) notice so the applicant (who is
generally a lay person) can make an informed decision
when a s36(2) notice is required by the TA.

3.6  Some TAs have been perceived to implement s36(2) in
lieu of adequate assessments by competent personnel
even though they realise insufficient review of the
concern has taken place. NZGS believes they have
made unnecessary use of the section to mitigate their
liability rather than obtaining sound advice. The TA
should not be able to issue a consent under s36(2)
unless it is satisfied that a competent assessment has
been made of the hazard. It should not be able to
avoid this responsibility by hiding behind an Act.

3.7  The pressure on land within urban areas, together with
the age of many structures, is leading to redevelopment
of old land titles subdivided before the current
legislation. Such land has often escaped the flag
associated with hazard registers. This can create many
inequalities. Existing property is changing hands at full
market value and then when a Building Consent for
minor alterations is sought, it triggers a s36 with
attendant loss of value. Two adjacent properties,
because of minute differences in risk between each,
(often assessed by different practitioners or TA
officers) can have huge differences in property value
where one has a 36(2). Such inequality brought about
merely by legislation, is highly undesirable.

3.8 Section 36 of the Act as drafted has attempted to
remove the option for property owners to accept or
decline, possibly through mitigation, the risk from
identifiable hazards. We consider the property owner
is the principal party who should assess and accept or
decline the risk (provided health and safety is not an
issue). The current clause transfers the assessment and
decision to accept or decline the risk onto the TA or
design professional. Such parties should, in our
opinion, only have a responsibility associated with
identification of the known existence of a hazard or
correct professional evaluation of such.

3.9  Most property which is affected by a potential hazard
can be ‘zoned’ by the imposition of a building line
restriction on the land. The use of the land beyond the
area of identified hazard (building restriction line) can
provide safe and uninterrupted use of the site without
unacceptable risk to a structure. Such an approach
meets all of the requirements of s36(2) without the
severe penalties associated with loss of value,
insurance and ability to raise finance.

3.10  Section 36 as drafted focuses on the impact of a hazard
on the land whereas it would be better if it focused on
protecting the building from the effects of the hazard.
In this respect it is appropriate to note that ‘standard
earthquake design for buildings’ does not anticipate a
‘no-damage’ impact on a structure, but rather designs
to provide a structure which will not collapse under
the ‘design earthquake’. If s36(2) is to be retained it
would be appropriate to draw on such experience to
determine the level of design standard expected of
structures where hazards are anticipated to affect the
structure during the life of a structure. (This would of
course mean that all buildings in New Zealand could
then be subject to a s36(2) if all natural hazards were
included in Section 36).
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3.11  As drafted, the Act uses terminology such as “likely
or unlikely” which are loose subjective terms. Many
TAs have interpreted this to mean that buildings
must be guaranteed free from risk of a hazard. A
guarantee assumes a level of skill and knowledge
exists in the prediction of natural hazards that will
allow the precise definition of the size and time of an
event. This does not reflect the ‘state of the art’
which is a very inexact science. The Act would be
better drafted if it required hazard determination to
a level which reflects the ‘state of the art’.

3.12  Often unnecessary restrictions are placed on the use
of land when it would be better dealt with by
allowing the use of the land with a surcharge in
insurance premium.

4.0 Specific Concerns with Current Legislation
The current legislation is deficient in the following specific
aspects:

4.1  There are inconsistencies between the BA and other
legislation, for example:

i) The RMA. We do not consider it should be possible
to subdivide land which subsequently requires a
s36(2) in order for a building to be constructed on the
land (unless the need for such was noted at the time of
subdivision). While this can be achieved by the use of
a Consent Notice on the title currently the imposition
of such a notice is not mandatory and is rarely used
by TAs.

ii) Most district plans under the RMA require a flood
level to be set at the 1% AEP (Annual Exceedance
Probability). The Building Act focuses on a 50 year
life of materials and the building. It also considers
flooding in relation to events with a 2% AEP. It is
important that a consistent approach be adopted with
the current practice carried out under the RMA. This
inconsistency has led to Building Certifiers having to
approve Building Consents which are clearly
inconsistent with established flood plains in District
Plans.

iii) The Earthquake Commission Act 1993 allows the
EQC to decline insurance on property which has a
s36(2) notice on the title. It is not possible to get the
EQC to assess the risk and adjust the premium or even
to determine in advance of a hazard occurring to advise
if they will cover the hazard. When EQC declines the
risk so do most private companies. Effectively such
properties are uninsurable even if the expectation is
that the hazard will not affect the building work.

4.2  A recent court decision (Logan vs. ACC) is being
construed to infer that s36 applies to the entire

property on which the structure subject to a building
consent is sited. Section 36 is however part of the
Building Act, not the Resource Management Act and
in our opinion should apply to the Building only. We
note that EQC has (for the purpose of land stability)
determined a portion around the building to be
appropriate for its Act. This arose because prior
legislation did not allow it to act until damage had
occurred to the structure. The modification has
enabled it to undertake work to mitigate a hazard
and thereby minimise the risk of further loss. We
consider a small portion of land around the building,
somewhat greater than the building footprint,
should be taken into account when assessing the
mitigation of a hazard or hazards likely to affect a
building platform but 8m as provided in EQC may
be too great. If s36(2) is to be maintained guidance
should be provided on the extent of the land to be
considered.

4.3  It is noted that earlier decisions from the Planning
Tribunal on the interpretation of the meaning of
s641(A) of the Local Government Act decided that
the effect of a hazard applied only to the footprint of
land on which a building sat.

4.4  It has been common practice over the past 20 years or
so to establish a building line restriction beyond
which a hazard is known to exist (e.g. cliff top
properties or lots which are partially affected by
flooding), with no other mitigation of the hazard on
the portion of land affected. Such data is recorded on
the TA hazard register. As a result of the Logan
decision some TAs now require such lots, no matter
how large the lot to be noted with a s36(2).

4.5  There is no time period during which the occurrence
of a natural hazard and its effects are to be considered.
The prediction of the real magnitude of infrequent
natural hazards is ‘crystal ball gazing’ at best. The
news media tends to describe such events as “natural
disasters”. The longer the time period between events
and the correspondingly greater magnitude and
potential for damage associated with an event, the
lower the reliability of the prediction. We consider the
period within which the potential for hazardous
events to affect a structure should be linked to the life
of that structure. The maximum time period in our
opinion should not exceed 100 years (i.e. twice the
expected life of a structure). This is consistent with the
maximum event size generally considered when
designing community infrastructure facilities. Time is
important, as changes in land use, climate and
knowledge can and will affect s36 issues. 
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4.6  Currently the stormwater pipes forming part of a
residential structure are typically designed for 1 in 5
year and 1 in 10 year storm events. The runoff from
storms greater than such events will necessarily flow
across the ground from the structure as “short term
flooding”. The Building Act endeavours to provide
protection against such flow by requiring consideration
of the floor levels in relation to 1 in 50 year (the 2%
AEP event). However, subdivisions are generally
required to have stormwater systems and overland flow
paths designed to cope with the 1 in 100 year event (1%
AEP event). Clear definition is required to define if
s36(2) notice applies only to a flood level deriving from
a permanent watercourse or if such can also apply
where an overland flow path exists on a site i.e. does
s36(2) apply to the ‘standing water level’ or to a
dynamic water level.

4.7  Different hazards have different perceived levels of
public acceptance. However, following the notation of
s36(2) on the title, there is no means of directly
identifying the type of hazard which brought about the
title notation. We consider this essential. Many
occupiers are happy to live with the risk of flood
damage which is seen as a short term imposition on
building use (particularly where it does not enter
habitable space), but will not accept similar risks
associated with potential landslip or bank erosion which
can completely remove the ability for future land use.

4.8  We consider that s36 should address issues associated
with the protection of buildings. However, it should
also address issues of habitable and non-habitable space
on an individual residential property and the difference
between commercial/industrial land and residential
land. Currently the Building Code section E1.3.2
(Performance) identifies that the floor level set for
flooding applies only to housing, communal housing
and communal non-residential buildings but allows
freedom with commercial buildings but the Building
Act does not differentiate. Should a swimming pool, a
garage or a retaining wall have a different standard for
flood protection to that of occupied space? Should an
occupier be able to develop such items in areas which
could become unstable during the life of the structure?
NZGS believes there is a case to provide a different
standard to such structures.

4.9  The Building Code requires that land be considered
stable if analysis determines a Factor of Safety (FOS)
of 1.5 is achieved. The conditions under which such a
FOS is to be determined are not identified and the
requirements imposed by TAs on such work typically
vary both as to the manner of assessing soil strengths,

the type of analysis and the groundwater levels within
the affected slope. The relationship between
groundwater levels and storm events of any given
frequency is complex and cannot be reliably predicted.
The concepts of “worst credible” and “moderately
conservative” tend to be used in slope stability
analyses. However these cannot be linked directly to a
frequency of occurrence. The arbitrary link between a
FOS less than 1.5 and the imposition of a s36(2) notice
is in our opinion unreasonable. Due to New Zealand’s
relative youth in geological terms, erosion and slope
movement affect large parts of the country and many
sites that have already been developed. It would be
difficult to demonstrate for many natural slopes that
they have had a factor of safety of 1.5 or greater over
their past life, however, the frequency of movement
affecting the slope may well be beyond recorded
history. There is no direct link between this
requirement and the return periods of low frequency
events such as 1 in 100 year storms or earthquakes. We
consider the requirement for a Safe Slope is reasonable.
However, this should not be determined by a single
arbitrary number.

4.10  A s36(2) notice as it currently exists when notified
applies to the entire property. However, the Court of
Appeal in Logan v ACC has shown the difficulties
associated with time delays associated with lodging
such a notation on the title. The process should
become somewhat automatic and could if it only
meant the existence of a report. The Court of Appeal
overturned the Logan case on the basis of time delay.

4.11  The TA should have an obligation to provide
sufficient supporting data identifying the
implications of a s36(2) notice so the applicant (who
is generally a lay person) can make an informed
decision when a s36(2) notice is required by the TA.

4.12  The TA should not be able to issue a consent under
s36(2) unless it is satisfied that a competent assessment
has been made of the hazard. 

4.13  Definitions as used in the current Act use terminology
which is foreign to most practitioners and nearly all
the public. Better technical definitions could be used.

5.0 Specific Case Histories
5.1  Two adjacent cliff edge properties in same ownership,

perched on a coastal cliff with an escarpment behind
each lot. Potential for cliff edge instability was dealt
with by set back from the cliff, but because of the slope
of the escarpment, it was deemed that an unacceptable
risk from falling debris occurred with most of one of the
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lots. The TA approved a building consent under s36(1)
for development of a residential dwelling which
extended about 1.5 m into the lot affected by falling
debris. The property owner intentionally straddled the
common boundary with the dwelling as his means of
ensuring both lots remained in single ownership. Some
years later the owner developed a swimming pool on
the adjacent property under the terms of s36(2) in full
knowledge of the risk to the pool. However, on lodging
of the 36(2) on the title of the lot on which the pool was
constructed, the EQC advised that it would not cover
the house for landslip because part of the house
extended onto the lot which had the s36(2) notice.
Professional advice is that the house is not affected by
the perceived hazard. Consideration to adjust the
boundary was given, but because there was not a
perceived stable building site on one of the two lots, this
re-subdivision cannot be approved under the RMA.
The lot owner is hamstrung by legislation even though
he agrees he understood the implication of the 36(2) on
his pool.

5.2  A land owner approached a TA for consent to develop
a dwelling on a lot which the TA had some concern
with land stability. The TA had had a stable building
site identified at the time of subdivision but the
proposed location was remote from the approved site.
The owner had a builder standing by under contract
and loan finance in place while the issue was assessed.
The TA received a report from a civil engineer who
stated the proposed location was satisfactory. The TA
advised it would issue a building consent under the
terms of s36(2) but did not advise the implication of
such a tag. The dwelling was constructed and insurance
paid. The site subsequently slipped and EQC and the
excess underwriter refused to pay out because of the
presence of a s36(2). It is clear in hindsight that the
nature of the movement was not the same as the reason
for the imposition of the s36(2), even though the s36(2)
notice was imposed because of landslip.

5.3  A citizen purchased a small rural residential block of
land which was one of several that had been
subdivided from a larger land-holding. At the time of
subdivision, a stable building platform was identified
and approved. The new owner sought to build such
that he extended out of the approved zone, and closer
to steeper ground. He commissioned an engineering
report for the project, which recommended piling
measures to mitigate for the near-by steeper ground.
The TA received the report and then sought to still
issue the Building Consent under s36(2), on the
grounds that the land under the title contained a
hazard as defined in s36(1). 

5.4  A land owner had an existing dwelling set-back some
10 or so metres from a steep slope, and sought a
building consent to extend the dwelling almost to the
edge of the slope. He commissioned a comprehensive
geotechnical investigation, which recommended
drainage measures and substantial piling to mitigate
against the potential effects of slope movement, and
thus provide a stable building platform. In receiving
the report, the TA commented favourably on its
comprehensive nature, but still issued the Building
Consent under s36(2), stating such at the time, but
without indicating to the land-owner, what the
significance of that was, and what the likely
implications of it would be on the property value and
on the land-owners’ ability to get insurance cover.

5.5  Two adjacent properties A and B located on a coastal
clifftop in the same TA region were reported on by the
same geotechnical consultant. Both properties had their
rear boundaries at or near the base of the cliff and the
geological setting was similar. The ground profile was
also similar, although the cliff angle on property B was
less steep. The reported hazard assessment was worded
similarly for each property, the presence of the cliff
noted in each report and the same rate of erosion quoted
for each site. A stable building site was identified on
each lot. A Building Consent for property A was
granted in 1997 under s36(2). The Building Consent for
property B was granted in 2000 under s36(1).

5.6  Prior to being developed, a large coastal clifftop
subdivision was subject to a comprehensive
geotechnical investigation that assessed potential cliff
erosion and identified two near parallel Building
Restriction lines. The lines referred to the degree of
mitigation measures required, and building beyond
the furthest line required no mitigation measures. An
independent geotechnical investigation confirmed the
appropriateness of the Building Restriction line and a
224(c) certificate was then issued for the subdivision.
These lines were identified on the titles of each lot as
part of the subdivision process. A Building Consent
application was lodged for one of the lots with the
building located behind line furthest from the cliff.
Despite this the consent was issued under s36(2).

5.7  Prior to the purchase of a 4 hectare life style lot that
was subdivided off a farm property, the TA verbally
advised the prospective owner that half of the site
comprised covenanted bush and the remainder which
was in pasture was safe and stable and suitable for
building development. A LIM report confirmed the
verbal advice. The property was duly purchased and
5 months later a Building Consent was applied for a
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dwelling to be constructed on the site. The owner
was advised by the TA that the site was subject to
potential instability and that without a satisfactory
geotechnical report on the land stability the consent
would be issued under s36(2). A detailed geotechnical
investigation was commissioned and, subject to
minor remedial works, the site was identified to be
safe and stable. Without further warning, the TA
issued the Building Consent under s36(2). As the
owners had by then signed a building contract they
proceeded with the construction. Despite further
attempts, including the issuance of Producer
Statements from the consultant, the TA has refused to
remove the s36(2) notice from the title.

5.8  A 4 hectare rural lifestyle block was recently subdivided
off under the Resource Management Act and a suitable
house site identified. The western third of this 4 hectare
block contained low lying land on a flood plain with a
stream running through it. Two thirds of the site was
reasonably well elevated, the house site being some 2.0m
horizontally from and 3m vertically above the likely 100
year return period flood level. The subdivider
subdivided and sold the property in good faith to the
purchasers who commissioned an architect and
engineer and engaged a builder to construct the house.
Plans were submitted for Building Consent and at that
stage the owners were notified, because a portion of the
property flooded, the Building Consent would only be
issued under Section 36(2) of the Act. The owners were
committed and the implications of Section 36(2) were of
grave concern with respect to finance, insurance and
property value. Trips to see the council general manager,
council regulatory staff and council’s solicitor ensued.
Following extensive submissions and arguing by the
Engineer, that it would take Noah’s flood to damage the
building, and that the whole of the property did not
constitute “the land on which the building work was to
take place”, Council reluctantly agreed not to impose a
Section 36(2) providing a building line restriction was
placed on the property. A great deal of wasted time and
effort highlighted the need to clarify a definition within
the Building Act of “the land on which the building
work is to take place”.

5.9  A block of land was purchased and as part of the
Building Consent process, the purchasers were asked
to engage the services of a registered engineer familiar
with geotechnical work to assess the suitability of a
building site. The engineer provided a satisfactory
report, however Council required a peer review of the
report. The peer review engineer highlighted the
presence of Onerahi Chaos on the 4 hectare property
and noted that special care with respect to stormwater

and effluent disposal would be needed, that
earthworks should be minimised and that the building
site would be better located closer to a ridgeline. He
concluded that if such care were taken, the “building
site” and the areas immediately adjacent would be very
unlikely to suffer any instability. The driveway,
approximately 90m long, wound across unstable
ground and could be subject to some movement but in
the event could be easily repaired. Council wanted an
absolute guarantee against any hazard. They felt
unable to exercise discretion and required that the
engineer give an unequivocal absolute guarantee that
the land would be totally hazard free within “say 50m
of the house site” and required the driveway be
guaranteed absolutely stable. The engineer responded
that Council’s requirement went beyond the terms of
the Act, which only required that the hazard be
“unlikely” to occur. Further, that he would have to be
“God” to give such an assurance that the hazard would
not occur, as even if the land was stable under normal
circumstances, no one could necessarily predict a
major tectonics movement or a meteor falling out of
the sky. Council’s stance on this matter was therefore
unreasonable and went beyond the scope of the Act.
The owner’s solicitor pointed out to Council that a
driveway did not constitute part of the building as it
was not necessary to have a driveway in order to
construct a building and therefore did not form part of
the site works. The engineer offered to certify that the
building site and an adjacent amenity area within 8m of
the perimeter of the building footprint would be
unlikely to suffer hazard. He considered that in terms
of Section 36 of the Act a s36(2) notice was not
necessary. However Council, because of the lack of
clarity of the Act was not prepared to accept this and
placed a Section 36(2) on the title. The property
owners in this case elected to continue and were able to
acquire finance and partial insurance cover on the basis
of a letter of support outlining the situation, written by
the engineer. The landowner believes that Council has
a vested interest in applying a Section 36(2) and is not
therefore an impartial authority empowered to make
fair decisions on such matters.

5.10  Prior to purchasing a property, prospective owners
engaged the services of a geotechnical engineer to
assess the stability of the site for building. The site fell
gently from the road increasing in steepness towards
the rear of this large property before reaching a cliff
face along the rear boundary some 6m high with a
drop to the sea. The steeper slopes were bush clad.
The prospective owners intended building down in
the steeper bush clad areas, however the geotechnical
engineer persuaded them away from this option and
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encouraged them to build on the stable gently sloping
area closer to the road. He identified a building
restriction line above which a building could be
constructed in accordance with NZS3604 and below
which would require specific design. Further down a
second building restriction line was identified closer
to the cliff beyond which no building development
was recommended. The property was purchased, an
architect engaged, and a house designed on that
portion of property designated as suitable for
NZS3604 design. A builder was engaged and a
Building Consent applied for. Council advised that a
Section 36(2) would be applied to the site, as the
engineer had indicated a portion of the lot as
unsuitable for building even though the area was
unlikely to affect the proposed house site. After
considerable argument, time delays and costs, the
owner employed a review engineer who supported
the original assessment. Council finally agreed to
allow the building work to proceed without a Section
36(2) providing a building line restriction was
formally placed on the title. Such costs could have
been completely averted if the definition of “the
land” within the Building Act had been clearer.

5.11  A rural lifestyle block had a proposed house site on
the top of a hill. The perspective purchaser engaged
the services of a geotechnical engineer to assess the
site who had absolutely no concern with stability
issues of the building site. Within the lot there was
some slippage at least 30m clear of the site but it was
determined that this would not affect the house site.
If the movement had been on the neighbouring
property, the TA would have had no problem.
However, because it was contained within the lot,
Council’s interpretation was that it constituted part
of the land on which the building work was to take
place and therefore a Section 36(2) notice would have
to be issued with a Building Consent. The owners
were already committed and had no choice but to
accept a Section 36(2) under protest. After
considerable argument the engineer convinced
Council that providing the slip area was fenced off,
stormwater diverted around it and the slip area
planted, then the Section 36(2) could be uplifted in
terms of Section 36(3) of the Act even though it is
questionable if the works are good soil conservation
measures and are necessary to ensure the integrity of
the house site and amenity areas.

6.0 Summary
6.1  NZGS agrees that the likely effect of a “natural

hazard” on the ‘building’ should be evaluated at the
time of a Building Consent.

6.2  NZGS has clear evidence that the current drafting of
the Act is causing unnecessary cost, hardship and
stress to property owners affected by s36(2).

6.3  NZGS strongly recommends that s36(2) be abolished
and be replaced by an amendment to s36(1). This
should require that any report prepared by a
competent professional to assess the impact of a
“natural hazard” be maintained by a TA for future
reference. The existence of such a report and the type
of hazard for which it applies should be identified on
the property title. The process of notification on the
title should be the responsibility of the TA and should
be automatic on receipt of the report.

6.4  NZGS considers s36(1) requires amending to clearly
define:

a) the duration over which the hazard is to be considered
b) to include all hazards (natural and manmade)
c) that the standard of assessment to be “state of the art”.

6.5  NZGS has identified inconsistencies between this Act
and other legislation which needs to be corrected.

6.6  NZGS strongly recommends the use of ‘building
line” restrictions to replace s36(2) issues.

6.7  If s36(2) is to be retained then NZGS has identified
significant areas of this part of the Act which require
modification to define:

a) if such notices apply to all buildings
b) the area of land which is considered
c) the time period over which consideration is to apply
d) the level of certainty required in an assessment (FOS)
e) the level of protection required to the structure
f) the mechanism and responsibility to lodge notice on

the title
g) the type of hazard which created the s36(2) notice
h) TAs to advise applicants of the implications of s36(2)

notices
i) TAs be required to obtain a competent assessment of

the hazard prior to applying a s36(2) notice.

New Zealand Geotechnical Society
Working Party on s36 Building Act

N S (Paddy) Luxford
Chairman of Working Party
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Introduction
In the past, NZS3604 (eg NZS3604:1981) has attempted to
make provision for the effects of expansive soils to be
minimised, by requiring a minimum foundation depth of
no less than 450mm below final cleared ground level,
although some shrinking and swelling of the soil under
seasonal influences would probably still continue to occur
and may affect such residential construction. That original
450mm footing depth requirement made no provision for
the potential effects of centre heave beneath a slab on
expansive clays. With the increased popularity of using
slab on grade floors, particularly with more use of on-site
cut to fill creation of building platforms, there appears to
have been an increase in the number of floor slabs
developing disconcerting cracks.

The current issue of NZS3604:1999, now emphasises
that expansive clay soils can damage buildings on light
strip footings (edge heave) or unstiffened rafts (centre
heave), and therefore, does not cover the use of section 7.5
for the design of concrete slabs on expansive soils.

Although 3604 nominates liquid limit and linear
shrinkage testing as a means of detecting the presence of
reactive (expansive) clays, it also acknowledges that
reactive clays cannot be clearly evaluated by these
engineering index properties on their own, and it also
recognises that not all clays are expansive to the degree
which will cause damage to buildings.

Therefore, NZS3604:1999 nominates the Australian
code, AS2870:1996, as a guide for classifying the soils into
classes of A (non-reactive), S (slightly expansive), M
(moderately expansive), H (highly expansive) or E
(extremely expansive). Once the soils have been classified,
section 3 can be used for non-engineered foundation
design, or section 4 for engineered design, to meet the
provisions of sections 5 and 6 of AS2870.

However, when these slab failures have occurred, it has
not been uncommon to note that an adjacent site may
seem totally clean of such effects. So the question is asked,
is AS2870 fully importable into the New Zealand
situation, or should we perhaps be making adjustments for
the New Zealand climate and/or soils?

With this in mind, a general call was issued to the
Auckland geotechnical and structural engineering
industry, to meet at the University of Auckland on 11
April, 2001, to discuss these circumstances, and to then
promote a collective initiative towards identifying
appropriate measures.

The following is a presentation of the minutes of that
meeting. Apologies to those who did not get the call, but
would have liked to. If you would like to contribute to
this work, please send me (preferably) an email at
simon@geotek.co.nz, or otherwise, a fax at 09 5357243.

Minutes of Expansive Soils Meeting No. 1
Time: 11 April 2001, 4.30pm
Location: School of Engineering, University of Auckland
Present:
Names Company
Simon Woodward (SW) Geotek Services Ltd
Shane Lander (SL) Geotek Services Ltd
Prakash Joshi (PJ) Geotek Services Ltd
Rodney Hutchinson (RH) Keith Gillespie & Associates
Peter Hill (PH) Hill Design Engineering Ltd
Maurice Fraser (MF) Tonkin & Taylor Ltd
Mick Pender (MP) School of Engineering
Mark Smith (MS) Markplan Consulting Ltd
Mike Osbourne (MO) Markplan Consulting Ltd
Pat Shorten (PS) Fraser Thomas Ltd
Malcolm Stapleton (MSt) Babbage Consultants Ltd
Bill Thomson (BT) Argo Thomson

Distribution: Those present, Ernest Lapish (EL) of Lapish
Enterprises and NZ Geomechanics News

1)  Put to the floor, how closely are structural/geotechnical
engineers adopting AS2870? (MF) suggests it presently
provides the best guidance when dealing with expansive
soils, since NZS3604 does not in fact cover those soils
(but instead points to AS2870)

2)  (RH) says that presently, it is a generally accepted
Auckland ‘rule-of-thumb’ that shallow foundations
should be embedded at least 450 to 600mm below final
cleared ground level. (SW) suggests that AS2870 appears
to be adopted in part by structural engineers, however,
stresses that a lot of the floor cracking that GSL has
observed in recent times may be due to bad construction
techniques, i.e., allowing exposed clay subgrades to dry
out before placement of subfloor foundation materials.

3)  (MS) states that his current approach (after research of
their own) is to use an American method, that also takes
into consideration local rainfall patterns. While that
method too requires many “appropriate” assumptions,
it gives a better answer than AS2870, as (MS) feels that
the AS2870 ‘answer’ provides too broad a range in a
characteristic surface movement value (ys), eg With 20
to 40mm for a class M soil, designers have to assume a
worst case 40mm. (MO) comments that 40mm over a
wider (larger) building footprint is much more critical
than over a narrower (smaller) footprint, and that for
the larger footprint, may accordingly lead to
uneconomical (non-feasible) designs. How can we
accurately and economically predict expansive
movements for design?

Expansive Soils Discussion Group
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4)  (PH) states that when structural engineers receive ys
range and AS2870 site classification, they don’t know
how to interpret it (at this stage), and in his opinion, many
NZ builders are also ‘scared’ to build using Australian
techniques. His approach at present is typically to drive
piles to below the ‘surficial’ expansive zone.

5)  (MSt) suggests Rays method (estimates differential
rather that absolute movements) where soil suction
profiles can be determined via use of calibrated filter
paper (a British lab method), and that perhaps we
should move towards that, rather that the current
Australian method. However, the investigation cost is
likely to be upwards of $1,500, compared to say $500
for the Australian testing. However, either way, in
time, with enough testing we should be able to “map”
Auckland soils in terms of likely ys. (MS) agreed and
said initial high cost should become lower in the future,
as data accumulates. (RH) stated that costs can usually
be borne by the developer on larger subdivisions, but
for single sites, owners can’t sustain it, and would
rather just put that money into piled foundations, etc.

6)  One Australian laboratory method of determining a
shrink-swell index (Iss), for use calculating the ys, is
AS1289 test 7.1.1, Soil reactivity test – Determination of
shrink-swell index of a soil – Shrink-swell index. (MF)
states that some testing they have undertaken resulted
in ys ranging from 30mm to 110mm, but that their ‘gut
feeling’ was that 110mm could never occur in the NZ
climate. (SL) added that for one recent GSL testing case,
the worst case liquid limit and linear shrinkage results,
did not give the expected worst case ys value. Also, ys
is very dependent on the assumptions used in the
calculation, particularly the crack depth and soil suction
profile. (MF) suggested that maybe a ‘fudge-factor’
could be adopted in the future (after extensive
research/testing, of course!!!), that could be applied to
calculating the ys values, to suit NZ conditions.

7)  (MF) suggested that local authorities, home owners,
and builders need to be educated about foundation
performance and care. Subsequently, (MF) handed out
copies of the CSIRO pamphlet (adapted to AS2870) to
most of those present. (MO) pointed out that
Appendix C table in that document says 5mm crack
width is acceptable, but considers that most NZ homes
owner would not tolerate such level of movement.

8) To move forward from here, some testing will be
required, at the very least to build a soil suction profile
database for the Auckland region. (MS) suggests we
need to produce a ‘wish list’ of what we need to achieve,
and perhaps fund it through the industry for a skilled

engineer to test and formulate an approach. (SW)
suggested that perhaps the research be carried out at an
academic level. (BT) expressed concern that this would
take too long. (MSt) suggested a range of testing (not just
soil suction) should be undertaken and a declaration
made to the various authorities, that perhaps their
present definitive “quick and cheap” AS2870 site
classification requirement, as an acceptable solution, is
not appropriate for NZ.

9)  (SW) suggested that BIA might fund this ‘research’.
(MSt) suggested that perhaps some members of the
industry, both commercial interests and perhaps
Territorial Authorities might also contribute as it
effects them. In any event, (MS) stated that whatever
results from this testing should be accessible to
everyone, and usable. (SW) noted that funding and
setting up a testing program is still some time in the
future, and in the meantime, there was a need to
implement some appropriate interim measures.

10)  All those present indicated that they would remain
involved to varying degrees. (SW) will solicit those
who wish to remain interested.

The next steps to move forward: We need feedback from
engineers who are having to deal with the present situation
to assess what others are doing about it. It was proposed to
distribute a questionnaire to consultants (geotechs and
structural), via their respective society publications,
soliciting data and/or other input. (SW, MSt, RH, PH, and
MS) expressed interest in participating in the preparation of
this questionnaire. (SW) to write to NZGS.

In the immediate term, engineers, developers, builders
and home-owners will need to be educated with regard to
good practices to mitigate the effects of expansive soils. This
should be given a priority, as it appears that the general
consensus of those present that bad construction
techniques, and/or drainage during subdivisional
development, and/or post construction landscaping, often
are the ‘cause’ of unacceptable structural distress.

In the longer term there is a need to collate existing
available expansive soils information/testing data, with a
view to establishing a more unified approach within the
industry. Most of those present indicated that they didn’t
have a problem with sharing with others who are actively
participating in resolving this issue.

In the future, a meeting will be required involving local
authorities and other representatives of the building
industry, to produce a set of guidelines  as to how to apply
AS2870 to NZ, if in fact AS2870 is deemed appropriate. 

Simon Woodward and Shane Lander
Geotek Services Limited
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The author of this book, Mr Fred Bell, is Professor and
Head of the Department of Geology and Applied
Geology at the University of Natal, South Africa. His
opening paragraph reads:

“It has been estimated that natural hazards cost the
global economy over $50,000 million per year. Two thirds
of this sum is accounted for by damage, and the remainder
represents the cost of predicting, preventing and mitigating
disasters. Man-made disasters such as groundwater
pollution, subsidence and soil erosion add to this figure.”

Geologic hazards, both man-made and natural, are
present in all parts of the world, perhaps nowhere more so
than here in New Zealand. This book provides a thorough
first reference for the assessment, evaluation and
mitigation of both natural and man-made geologic
hazards.

The book is logically set out, and written in a style that
is relatively easy to read. Almost all the topics covered are
pertinent for conditions found in New Zealand and the
Asia-Pacific region, and include:
• Volcanic activity
• Earthquake activity
• Mass movements
• Problem soils (i.e. expansive clays, dispersive soils,

collapsible soils, tropical soils, peat, frozen soils etc)
• River action and control
• Marine action and control
• Wind action and arid regions
• Soil erosion and desertification
• Waste and its disposal
• Groundwater pollution, and,
• Ground subsidence (due to mine activities).

Each of the above sections appears to be thoroughly
researched and is supported by a comprehensive list of
references.

The information presented in this book, in general, is
not new. However, a lot of information and case studies
are described which will be of interest to both engineering
geologists and geotechnical engineers. Examples of this
include: “the lateral blast from the Mount St Helens
eruption in 1980 initially travelled at 600 km/h, slowing to
100 km/h some 25 km from the volcano”, and, “taking
expansive clays in Romania as an example, Popescu noted
that maximum seasonal changes in moisture content in
these soils were around 20% at 0.4m depth, 10% at 1.2m
depth and less than 5% at 1.8m depth. The corresponding
cyclic movements of the ground surface were between 100
and 200mm”.

This book contains references to several sites and
studies in New Zealand and the Asia-Pacific region and
the information contained within the book should have a
wide appeal to the New Zealand geotechnical community.

At USD$110 (www.amazon.com) I consider this book
to be fairly priced, although at the current exchange rate it
may be a little expensive for the private purchaser.

Geological Hazards: Their Assessment, Avoidance and
Mitigation would be a useful and worthwhile addition to
any geotechnical library.

Reviewed by:
Anthony Fairclough
Senior Geotechnical Engineer, Tonkin & Taylor Ltd

BOOK REVIEWS

Geological Hazards: Their Assessment, Avoidance and Mitigation

Geological Hazards: Their Assessment, Avoidance and Mitigation
Author: F G Bell
Publisher: Routledge
Date Published: 1999 (1st Edition)

ISBN 0 419 16970 9
Web shopping on: www.amazon.com 
Price: US $110 
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Geotechnical Aspects of Underground Construction in Soft Ground

Geotechnical Aspects of Underground Construction in Soft Ground
Proceedings of the International Symposium, IS-Tokyo’99
Author: O Kusakabe, K Fujita and Y Miyazaki
Publisher: A A Balkema
Date Published: 2000

ISBN 90 5809 106 6
Web shopping on: www.amazon.com 
Price: Hardback U £63, US$63  

This volume presents the proceedings of an international
symposium of the same title held in Tokyo in 1999, and
comprises 5 general reports and 116 technical papers. The
proceedings are divided into 6 broad categories:
• Bored tunnel – sprayed concrete lining (NATM

tunnelling).
• Bored tunnel – Tunnel Boring Machine (TBM) and

shield tunnelling.
• Modelling and prediction.
• Braced excavation – deformation and displacement of

walls.
• Braced excavation – excavation in general.
• Soils and foundations.

Several case histories are presented, illustrating particular
design methods, construction details and sequences
adopted to maintain stability during tunnelling. Case
histories range from NATM tunnels for railway
development in Frankfurt to expressways in the French
Alps and tunnels in weak rock in Greece. The results of
instrumentation monitoring undertaken during tunnelling
are reported in several of the case histories with
comparisons made to model predictions. 

Some 23 papers address the modelling and prediction of
soil behaviour in response to tunnel excavation, centrifuge
model tests and deep excavations. In particular, several
papers are concerned with problems related to specific
construction processes. For example, Sugimoto et al
present an interesting prediction of the potential
“snaking” progress of a tunnel shield with deviations in
line and level during tunnel advance. A wide range of

constitutive models was used, from relatively simple linear
elastic perfectly plastic models to non-linear elasto-plastic
models. However in general, there appears to be very little
description of how soil parameters were obtained. 

The use of compensation grouting is discussed in
several papers, with results of compensation grouting
trials in soft marine clay in Singapore and the use of
compensation grouting to control the tilt of the Big Ben
clock tower in London reported.

Consistent with the observational method of
construction, several Class A predictions are made in the
performance of deep basement excavations. Authors
describe the use of jet grouting and deep soil mixing as
methods used to improve the stiffness of passive soil
zones. Finite element numerical methods and subgrade
reaction methods are used in several papers to predict the
performance of the walls. 

This book contains much useful information for
engineers wanting to familiarise themselves with current
methods of tunnelling, some of the solutions adopted for
problems common to the tunnelling industry and a wide
range of approaches to the modelling and prediction of
soil behaviour as a consequence of tunnelling and deep
basement excavations.

Reviewed by:
C Y Chin

1
and Ann Williams

2

1
Senior Geotechnical Engineer, Beca Carter Hollings &

Ferner Ltd
2
Senior Engineering Geologist, Beca Carter Hollings &

Ferner Ltd
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Tunnelling: Management by Design

Alan Muir Wood is a legend in the tunnelling community
and this book, Tunnelling – Management by Design,
typifies his contribution to tunnelling. One of the main
objectives of this book is to view tunnelling as a system
and develop sound principles based on specific tunnelling
skills to operate that system for the success of tunnelling
projects. The term ‘design’, usually used in a relatively
narrow sense in construction, is expanded in this book to
describe the continuous thread of thought processes in
order that ideas may be successfully transferred into
projects for the benefit of all stakeholders. Design defined
in this way then also includes the process of construction.

The book begins as all good tunnelling books should,
with a background to modern tunnelling, described in
Chapter 1. The author’s concept of ‘design’ within
tunnelling processes is defined in Chapter 2 and it is here
that the author’s passion for the subject and willingness to
discuss the important issues becomes evident, particularly
in the comprehensive section on uncertainty and risk.

Chapter 3 covers planning and includes topics such as
assessment between options, financial planning, co-
ordination, procurement issues and reliability of
forecasting. This chapter concludes with a series of
examples of tunnelling projects from which important
lessons can be learned. The important topic of studies and
investigations is covered in Chapter 4 and includes general
comments on instrumentation and its interpretation and
how to manage the site investigation.

Chapter 5, Design of the Tunnel Projects, centres on the
previously introduced concept of the continuous thread of
ideas, and includes sections on options in tunnel design,
design of the support system, and ground movement and
surface settlement. It also contains a very valuable section
on aids to design calculations, which provide simple
approaches to different aspects of tunnel design, which can
be used to provide a quick initial estimate of tunnel
elements.

In Chapter 6, Design of Construction, the author
identifies the need to break down the barriers between
what has traditionally been termed ‘engineering’ and the
‘management of construction’ for the success of projects
in the future. Anyone who has worked on tunnelling
projects will know this is an ongoing challenge within the
industry. This lies at the heart of the author’s concept of
management by design and this chapter covers some
extremely important topics including the assessment of
risk as part of the bidding process, problems that originate
in the early stages of the process of construction, and
choice of construction methods.

Chapter 7 on management offers a practical approach
to the essential elements of management in relation to
design. It begins with the author stating his amazement
that, with all that has been written on management
recently, there remains so little wisdom on the successful
management of large complex engineering projects. The
author goes on to state that ‘management-speak is no
substitute for good leadership and clear thinking’.

Chapter 8 covers hazards, disputes and their resolution
and the book concludes with an account of the Heathrow
tunnel collapse based on the author’s position as an
external reviewer for the investigation team. This provides
an excellent example of the lessons that should be learned
when things go wrong.

This book by Alan Muir Wood is an excellent reference
and should be in the personal library of every engineer and
manager involved in tunnelling. It is very readable and the
no holds barred approach adopted by the author in
discussing the important issues is authoritative and
refreshing. It comprehensively covers the technical aspects
and philosophies of tunnelling and many readers will find
it has applications to other major civil engineering projects.

Reviewed by: Dean Coutts
Geotechnical Engineer, Sinclair Knight Merz

Tunnelling: Management by Design
Editor: A M Muir Wood
Publisher: E and F N Spon 
Date Published: 2000

ISBN 0419232001
Web shopping on: http://www.amazon.com
Price: US$65 Hardback.   
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This book is a continuation of the series of reports
produced by the Engineering Group of the UK Geological
Society through its Working Parties over the past thirty
years on the application of geology to engineering. It is a
natural successor to the popular Working Party Report on
Aggregates: Sand, Gravel and Crushed Rock Aggregate for
Construction Purposes (Collis & Fox 1985, 1st ed, and
Smith & Collis 1993, 2nd ed).

The aggregates volume concentrated on the major uses
in construction of granular materials produced from
natural superficial deposits and bedrock, covering particle
size ranges from fine sand to around 100 mm. However, it
was recognised by the Engineering Group that rock was
being increasingly used in construction in a much coarser
grading, especially as rock fill and as armourstone (rip-
rap) and in the resurgence of natural stone for cladding of
buildings and for paving.

In addition to the ongoing review of each chapter by
the Working Party and written observations and
suggestions by corresponding members, the book, in
keeping with the practice of previous Working Parties, in
an early draft stage was presented for open discussion at
an industry conference. Copies of the draft were available
beforehand and were used to inform the delegates in
addition to verbal presentations made by all the Members
of the Working Party. The ensuing discussions at the
conference and written contributions have been

incorporated where appropriate into the final revision of
the book, thereby enhancing its credibility.

The Working Party was drawn widely from experts in
their fields to represent all principal aspects of the
industry, together with users and researchers. Similarly,
chapter reviewers were also chosen from the same broad
spectrum of those associated with stone. The book is in
two parts: the first deals with aspects common to stone,
including geology, excavation, winning and processing,
and the second with the various uses of stone in
construction.

The main strength of the book is in bringing together
every conceivable aspect of stone into one source. Despite
being compiled by a committee, it is clearly and plainly
written, well illustrated with photographs and diagrams,
copious appendices (including a glossary of terms from
architectural to geological), properties of British building
stones, and has a good index.

The use of stone in rock fill and armouring will be of
most interest to the engineering sector in New Zealand,
although architects specifying dimension stone may also
find it helpful. At full price you probably won’t want to
buy it unless you will use it regularly, but it will be well
worth borrowing from a library as the need arises.

Reviewed by: Bruce Riddolls
Golder Associates (NZ) Ltd

Stone: Building Stone, Rock Fill and Armourstone in Construction

Stone: Building Stone, Rock Fill and Armourstone in Construction 
Engineering Special Publication 16, Geological Society. 
Editor: M.D. Smith
Publisher: Geological Society Publishing House 
Date Published: 1999

ISBN 1 86239 02 90
Web shopping on: http://bookshop.geolsoc.org.uk
Price: UK £89, GS Members £39.   
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Our plane touches down in Dhaka, and I inwardly sigh as
after three visits I know what lies ahead. Standing outside
with my trolley and luggage, I wait for the local driver
from Hyundai to identify himself to me. After a while it
dawns on me that the sign saying ‘Mr. Jaun’ is not a mis-
spelt Spanish name, but is referring to me. The 22km trip
by air-conditioned four wheel drive predictably takes
three hours. Three hours of heart racing and cursing, as
the drivers do combat with one another. A line of three
speeding oncoming buses is a common sight, when we are
not immobile in a traffic jam. It
seems that in local parlance a
concrete median barrier is no
excuse to drive on the left side of
the road.

Nights are spent in my prison
cell at Hyundai’s construction
camp, killing mosquitoes and
listening to truck horns. At
6:00am, I manage to bypass a
sound Korean breakfast of egg and
honey toasted sandwiches, instead
opting for plain toast with honey
and coffee. ‘What a strange man’,
my new workmates must think. As
we drive down the causeway to the
construction site, I can see the
booms of the ground improvement
equipment cranes and the power
pylons rising above a dense layer of
smog and mist. The temperature is
like a New Zealand spring
morning, but the locals are rugged
up in shawls and head scarves. The
site guards give a stiff formal salute,
and I am back into the underworld
of clients, contracts, design and site memorandums.

After several days I have managed to teach our office
guard to salute with a thumbs up and a smile, instead of a
salute. This soon spreads to the gate guards, whenever
myself or the Australian Construction Manager are
passing. This is much to our amusement, as the formal
hierarchical systems of Korean and Bangladeshi authority
run so counter to our antipodean upbringing, where hard
work and good ideas earn respect and reward.

The Korean ground improvement subcontractor
somehow manages to secure an endless supply of pork and

scotch through some dubious black market source. This is
no mean feat in a country that is 98% Muslim. Although
most Bangladeshi’s are not devout Muslim, radical Islamic
groups incite regular Hatal’s, where there are strikes and
protests, often turning to bloodshed. They are protesting
recent government prompted rulings from the high court
banning torture of women who associate or work with
men from outside the family. In addition, the Prime
Minister is a woman, and the Islamic hardliners find this
difficult to deal with. During one Hatal last week, four

people were shot by gunmen
standing right in front of riot
police, who did nothing to stop it.
During a Hatal, Dhaka’s already
crowded streets become
impassable and dangerous, and
many workers cannot commute to
the site.

I spend my one day off in two
weeks in Dhaka with an Australian
and two Germans, all of them
giants. Four big men and a
miniature Bangladeshi driver
crammed into a double cab ute for
a six hour traffic jam in Dhaka
must rate as one of life’s more
forgettable experiences. However,
the break from camp and change
of scenery is worth any price.
After two weeks of kim chee
(pickled vegetables) and honey and
egg toasted sandwiches, we relish
the thought of a steak at Don
Giovanni’s Sizzler restaurant,
where a good steak costs 230 taka
(NZ$9). After lunch we do some

shopping, and Max, the Australian, takes us to some
brassware shops. The quality and range of the
merchandise, both antique and new, is very impressive.
Bangladesh has a thriving trade in dismantling and
salvaging worn out ships, and there is a huge variety of
antique sextants, telescopes, ships clocks and other marine
paraphernalia. The price of the chandlery and brasswork is
approximately one quarter of what would be paid in New
Zealand. I purchase a copper kettle and antique brass
fishing reel, asking the salesman if my mother would like
them. He looks at me sagely, before replying “Of course,

PROJECT NEWS

Overseas Experience?
Jon Sickling 

Dhaka transportation issues
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I am an engineer and I want to make a difference in my

job and in this world. I work with formulas and models,

vectors and forces, details and standards.

I think in terms of mathematical expressions —not

programming languages—so I rely on tools that are

intuitive, reliable and deliver exceptional performance.

I need to share my work with colleagues and clients

anywhere and anytime. I need a tool that maximizes my

productivity so I have the freedom to be more creative. 

I am a Mathcad believer.

No mathematical software is more flexible or easier to use.

Become a Mathcad believer.

Choose the 
best software
for the job
Many people seem to believe that a computer is a

machine that allows you to use Microsoft software. Of

course, there are many other programs out there, all of

them designed to do specific tasks. The problem is to

know which ones will allow you to achieve your business

objectives effectively

Hoare Research Software Ltd (HRS) has been helping

scientists, engineers and business analysts with this task

for more than 10 years. When starting the company, Dr

Ray Hoare, the founder, decided he would no longer write

software, but would instead market products that come

out of the USA, from a variety of companies.

The “Value added” component of Hoare Research

Software Ltd is the in-depth knowledge of a large number

of specialised data analysis and computational products,

so that customers are assured of reliable pre-sales

advice and post-sales support.

One important part of the Hoare Research Software Ltd

marketing program is the seminar series, which lets

people see exactly what they can do with the products

they may have heard about but don’t yet know. Hoare

Research Software Ltd also does training itself, or

arranges training by contractors, so users of their

software can get full value from it.

Hoare Research Software Ltd is particularly passionate

about Mathcad - NZ engineers seem to be well behind

the rest of the world in adopting this basic calculation and

design documentation tool. To learn more phone Marc at

0800 477 776 for a brochure or come to a seminar near

you.

For more information on the full range of products from

Hoare Research Software Ltd, go to www.hrs.co.nz, or

email info@hrs.co.nz for a software guide.

N e w  Z e a l a n d ’ s  T e c h n i c a l  S o f t w a r e  S o u r c e

For more information contact Marc on 0800 477 776 or email marc@hrs.co.nz

www.hrs.co.nz/mathcad 
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...Remove uncertainty from your decision making

How much is a project likely to cost? How far will that land settle? All decision involve uncertainty, 

but you can model this uncertainty in your spreadsheet with @RISK.

You’ve already modelled your budget with single point estimates.  Replace these with @RISK functions 

that represent the range of values your model could take. 

Let @RISK show you all the possible outcomes - not just the most likely ones.  

You’ll see what critical situations to seek out - or avoid.

Monte Carlo simulation with Excel

Identify critical elements in your model with sensitivity and scenario analysis

Builds on your existing spreadsheet models

Present your results with a wide range of graphing options

For more information contact Glen on 0800 477 776 or email glen@hrs.co.nz

www.hrs.co.nz/risk 

For more information contact Glen on 0800 477 776 or email glen@hrs.co.nz

www.hrs.co.nz/statistica

For more information contact Marc on 0800 477 776 or email marc@hrs.co.nz

www.hrs.co.nz/matlab

NEW - Simulink 5 extends simulation and
embedded systems

- Modelling for wireless, mechanical, and power systems

- Intrinsic fixed-point

- Rapid control prototyping with new xPC TargetBoxTM      

hardware 

- Automatic production code generation

- Targeting for microcontrollers, DSPs, and FPGAs

NEW!  RELEASE 13

STATISTICA is a statistics-based product for exploring and summarising

data.  You can create graphs and do graphical data exploration, as well

as getting statistical summaries of large amounts of data. Do all the basic

statistical tests in the Base version and add modules to do in-depth

analysis, industrial statistics and data mining. Use it on a single-user

desktop or configure it over your entire enterprise.

STATISTICA is an extraordinarily comprehensive set of tools for exploring

and presenting data.

NEW - MATLAB 6.5 extends the
desktop and laboratory

- JIT-Accelerator technology for fast execution

- Deployment to Excel, COM, and C/C++

- Connection to instruments via TCP/IP, UDP, 

and to new data acquisition boards

- Statistical methods and curve fitting tools
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sir”. After a purchase is made by
someone in each shop, Max religiously
informs us “wait until you see the
prices and stock in this next shop”.
Thanks, Max. Throughout the day we
are accosted by beggars, some of whom
have shocking disfigurements and
deformities. Legs are twisted into
impossible angles, a man’s arm is
rotting and falling off from leprosy. As
I am putting my shopping into the car
a small boy, maybe four years old holds
out a hand for money. We cannot give
them any, as we do not wish to be
mobbed. But when he wraps his arms
around my leg, I wonder if it isn’t
somehow immoral that I
support a child in Dhaka
through World Vision by a
sterile automatic payment,
yet I do not help someone
who physically touches me.

Driving home from our
big day out, we pass the
enormous brickworks where
they bake the alluvial silt into
bricks, chimneys belching
black smoke. Further down
the road, we see the bricks
being broken by labourers
with sledge-hammers to use
as aggregate for basecourse
and concrete. Factories
release an impressive array of coloured toxic chemicals
into roadside ponds, where people bathe and prepare their
food. We see numerous buildings with re-bar protruding
from the top of the columns, waiting for storeys to be
added as the need arises. Stacks of bamboo by the side of
the road wait to be transported to some construction site
for use as scaffolding. The overall impression is of extreme
contrast, a people still using many primitive ways, penned
in and poisoned by mammoth industrial factories. Every
day we wake up with a layer of something black lining our
breathing passages, emitted overnight from the PET

factory next door. Factories that we
engineers actively seek to design for
money, as we are asked to by wealthy
clients.

Tonight I am supposed to fly to
Singapore with a Korean colleague. It
seems this is not to be, as a Hyundai
driver informs us that the roads are
again closed and very dangerous. There
is a chance of catching a boat to Dhaka,
but there may be trouble at the other
end. We decide to take our chances
waiting for the road to clear. I learn
from the internet that three engineers (a
Briton and two Danish) were
kidnapped for ransom yesterday, by

Chittagong tribesmen about
300km away. As I write I am
sitting wondering if we can
safely get out today, or if I will
be here for another few days.
The things I have seen and felt
while I have been here have
been experienced by many
others before me, and I do not
claim to think my observations
special. But I wonder how long
we, as engineers, will continue
assisting the industrial
exploitation, claiming that the
shocking social conditions are
the responsibility of others.
Engineers design and build the

machines and factories that poison this country. We tell
ourselves that we are making employment and income for
the local population. Reality bites when one discovers that
the average height of a Bangladeshi decreased by over one
foot in the last century due to malnutrition and pollutants.

Jon Sickling
(Formerly of Sinclair Knight Merz, now full-time Kiwi
dosser in London)

Bangladeshi river traning works

Local mobsters
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Have you ever found yourself in a difficult situation and
not been sure how to react? Perhaps you could see a way
of winning a project by responding to the client’s RFT and
ignoring their real needs? Perhaps you embarked on a
design with the best intentions but then found a cheaper
solution and realise you may have been wasting your
client’s money? Have you ever accepted the client’s
direction on the level of detail required in a study or
design, just to keep him happy but knowing it was
inappropriate?

If you haven’t then perhaps you would like to play the
Bob Wallace Consultant’s Fantasy Game.

Scenario 1
A client has issued a tender document requesting a price
for a geotechnical investigation on a site for a development
project. The specification calls for the design and
execution of an investigation that will facilitate the
construction of the facility – earthworks, roading and
foundation design – and be sufficient for the
Resource/Building Consent process. There is some
existing background information on the site included
within the tender documentation suggesting that there
maybe uncontrolled fill material on the site.

What do you do?

Scenario 2
You are required to design the foundations for a facility
and you believe the most economic solution demands an
extensive program of ground improvement. You
undertake a trial but you cannot conclusively demonstrate
that your proposed system works and you therefore have
no means of validating the design.

What do you do?

Scenario 3
An important client asks you to prepare for him the
foundation design for an industrial warehouse on a site
where you have been given some good information on the
competency of the ground conditions. During construction
the contractor identifies what he believes to be
contaminated ground and is worried that it will impact on
the structure and future occupiers. You recognise that the
site is located adjacent to old industrial land. The
construction program is on a tight deadline.

What do you do?

Scenario 4
You have been asked to advise on the stabilisation of a
hillside that has impacted on the development of an
industrial site. You identify the problem and prepare some
conceptual designs with a budget estimate and advise the
client. The client is anxious to resolve the situation and
instructs you to proceed with the detail design and
construction. When the tenders are returned the bid price
is substantially higher than your estimate.

What do you do?

Scenario 5
You have been asked to peer review the foundation design
of another consultant on a fast track construction project.
You are not familiar with the methodology used for
estimating settlement. On requesting further information
it is apparent that the design consultant has applied an
arbitrary factor to the calculation to arrive at an answer
that he believes is more realistic based on personal
experience. Without the X-factor the foundation does not
comply with tolerable settlement criteria. The foundations
are on the critical path and to design and build alternative
foundation solutions would result in a delay.

What do you do?

Answers on a postcard please.

THE BOB WALLACE COLUMN
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1 Introduction
In Western Europe, consumption of aggregate per capita is
second only to water, being about 6 to 8 tonne per annum.
Pavements account for a large proportion of this
aggregate, and the proportion consumed by unbound
pavement layers may be around 50 Mt/yr in the UK and
750 Mt/yr across the EU [Mundy & Dawson, 1999]. 

However, specification, production, placing, control and
design are all largely based on approaches which have not
changed much, in type, for 70 years or more. Such a laissez-
faire attitude is becoming increasingly untenable as road
builders and maintainers come under increasing pressure to:
• limit the thicknesses of energy-intensive bound layers
• use the highest quality conventional class of aggregates

only when performance demands it
• use the highest quality materials in thinner layers
• use local aggregates to reduce: noise and air pollution,

human disturbance, transport costs and transport energy
requirements

• replace conventional aggregates with more marginal
natural materials where possible

• replace conventional aggregates with waste/by-product
/recycled/residue materials

• recycle old pavements in-situ.

These are demanding targets to meet. They require that
greater reliance is placed on a sound understanding of the
fundamentals of granular material behaviour and of
pavement performance and not an over-reliance on
tradition. This paper aims to outline some of the
fundamental basics of granular material behaviour as they
are now understood and then to itemise some
developments which will allow efficient and reliable
unbound layers to be achieved.

2 Basics of Granular Material Behaviour
The properties of an unbound granular material derive from
three characteristics – the inter-particle contacts, the pore
network and the water contained within that pore network. 

The condition of the particle contacts provide the chief
control over the mechanical properties of the bulk material
[Thom, 1989]. When there is a strong interaction between
one particle and another, high strength, high stiffness and
good resistance to permanent deformation under repeated

traffic loading are likely to be experienced. Such interaction
is achieved due to many factors – mineralogy of aggregate
particles, particle roughness, particle interlock (partly
achieved by compaction), grading and the overall applied
confining stress level (which will tend to press contacts
together, hindering their sliding). The interaction of these
factors makes for a complex variation of mechanical
response from one material to another. In particular it
should be noted that high strength is not always associated
with high stiffness or high stiffness associated with good
resistance to permanent deformation.

The grading and packing of the aggregate assemblage also
affects the pore sizes, their continuity and their tortuosity.
These attributes are largely responsible for the water
drainage and water retention capabilities of the aggregate.
Thus the coefficient of permeability of an aggregate is
controlled by the pore network, but so, too, is the amount
of water which remains held in the aggregate pores to
capillary effects after free drainage is complete. In broadly-
graded mixes the amount of drainable water may be quite a
small percentage of the pore space [McEnroe, 1994]. Of even
more importance to the pavement engineer, however, is the
consequent suction acting in the pores and therefore,

TECHNICAL ARTICLES

Some Developments in Granular Materials for Pavements
Andrew Dawson, University of Nottingham, UK 
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Transport Research to publish this summary.

Figure 1 Resilient Modulus determined on well graded soft

limestones showing reduction with increasing moisture

content (Dawson et al, 1996).
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effectively, adding confining stress between particles. Thus
granular materials have mechanical properties which tend to
be extremely sensitive to water condition, particularly when
broadly graded (i.e. small pore sizes). 

Figures 1 and 2 show some stiffness and some
permanent deformation results as a function of moisture
content (data obtained from repeated load triaxial testing).
It is well-known that there is an optimum water content
for compaction (when water almost fills the pores, thereby
reducing suction and facilitating compaction), but it is less
well-known that there is an optimum moisture content for
mechanical performance which may be several percent less
(the suction is then higher and the particles more
intimately in contact with each other). When the aggregate
has pozzolanic or other self-binding possibilities, the
optimum may be different, this time because of the need
to have water for hydration as well as for compaction.
Then the optimum desirable moisture content may change
with time.

3 Implications
It follows from the above description that successful,
optimal use of an aggregate material into a granular
pavement layer will depend on both the raw material and
the water, density and stress conditions under which it is
to be used. This implies that an assessment of a material’s
potential contribution to the successful operation of a
pavement must be made at conditions which replicate the
water, density and stress conditions likely to be
experienced in-service. It will also be evident that the
packing is just as important as the condition of the
individual stones which make up the mixture. Thus

particle-based tests must, generally, be rejected in favour
of mix-based tests for adequate material assessment. These
implications have led to considerable research and
development work being performed some of which are
now summarised.

Figure 2 Permanent strain

rate as a function of

moisture content for 9

granular materials (Mundy

& Dawson, 1999)

Figure 3 Repeated load triaxial test equipment
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4 Research Developments
4.1 Laboratory Assessment of Mechanical
Properties
To assess the engineering response (i.e. overall granular
material stiffness, strength and susceptibility to permanent
deformation) reliably, a great deal of work has been done on
developing equipment, instrumentation, test procedures
and an interpretative framework for repeated load triaxial
testing (RLT). The equipment is shown in outline in Figure
3. There is a draft CEN standard [2000], an Australian
standard [Standards Australia, 1995] and an AASHTO
standard [1994] available. The test provides an effective
means of determining the resilient and permanent
deformation characteristics of the sub
20mm fraction of a graded aggregate
(i.e. all or most of the material) at
realistic densities and moisture
contents. A typical response to the
long-term repetition of loading is
given in Figure 4. It is interesting to
compare results using the RLT data
and particle-based results. Sometimes
rankings by the two approaches can
be reversed, especially when weak
self-binding materials (e.g. some
limestones) are being considered
[Dawson et al, 1996]. The RLT test is
still not, however, a routine every-
day test and will find most
application in a source approval /
source assessment / forensic /
material development role. Thus the

goal of having a rapid, reliable and representative test to
assess the mechanical properties of compacted granular
material remains something of a ‘holy grail’ to users and
researchers.

The nearest device to a simple granular material tester is
provided by the ‘K-mould’ [Semmelink et al, 1997], a
South African developed device which, to date, hasn’t
found use outside that country – see Figure 5. In this
apparatus, the compaction mould becomes a somewhat
flexible confining chamber so that the specimen may be
prepared and tested in one continuous process
overcoming the setting-up difficulties experienced with a
triaxial specimen.

Figure 4 A typical response

to repeated loading of a

triaxial specimen (Nunes &

Dawson, 1997)

Figure 5 Diagrammatic representation of the ‘K-mould’
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4.2 Understanding Mechanical Behaviour
The use of the repeated load triaxial test apparatus over,
perhaps, 25 years, has allowed a clear understanding of
granular material to be developed. Some of the key
features are moisture sensitivity (Figures 1 and 2), non-
linearity of response to stress level applied (Figure 4) and
effects of compaction and grading (etc.). 

Because granular material is non-linear in behaviour,
describing the resilient behaviour is more complex than
quoting a stiffness value. Just as an asphalt modulus has to
be defined at a particular temperature and time of loading,
so a granular material’s stiffness is only defined for a
certain moisture content, ambient stress level and applied
loading. At the present time there are many sophisticated
approaches for describing the variability in resilient or
permanent deformation as a function of stress [Lekarp et
al, 2000a], although the ‘best’ approach is less obvious. In
the USA the ‘Uzan’ model (Equation 1) [Uzan, 1985] is
generally favoured, usually with the assumption of a
constant Poisson’s ratio. Where most test data is obtained
without any cycling of radial stresses this is a reasonable
choice. However, in Europe, where the response to both
vertical and radial stress changes must be modelled, a more
general model is needed. There the ‘Boyce’ model
(Equation 2) is favoured [Boyce, 1980] which is expressed
in terms of volumetric and shear components and which
assumes that an invariant approach is valid (i.e. behaviour
is expressed independent of orientation).

Mr = A(pmax)B . qC (1)

In Equation 1, A, B and C are material properties, Mr is
the resilient modulus and pmax is the maximum mean

normal stress. Both pmax and q, the deviatoric stress, may
be normalised by dividing by a reference stress pa, taken
as 100kPa, and A, B and C adjusted accordingly.

εv =  pa
1-n pn ( 1

Ka
-1-n

6Ga (q
p)2) (2a)

εs =  pa
1-n pn 1

3Ga (q
p) (2b)

In Equation 2, εv and εs are the resilient volumetric and
shear strains respectively, and Ka, Ga and n are material
properties. As yet, there is no way of predicting the effect
of moisture changes on the stiffness characteristics other
than by direct assessment, through specific testing. Thus
any modelling of the response will be moisture, as well as
material, specific.

Progress in understanding permanent deformation
development has been slower than in understanding
resilient behaviour, perhaps because of the length required
to perform a test and because of the destructive nature of
each test. A summary of current understanding of the
influences on permanent deformation build-up is given in
Table 1 [Lekarp et al., 2000b]. Recent research, taken
together with older data, suggests that there is a threshold
stress level which can be applied to a compacted aggregate
layer. Less than this stress and the permanent deformation
will be self-arresting, more than this and the build up of
deformation will continue throughout the life of the layer,
perhaps even at an accelerating rate leading to rutting
failure. This understanding, known as the ‘Shakedown’
approach, has potential as a tool in pavement design. Some
typical responses to repeated loading of an aggregate at
increasing stress levels (A to C) are summarised in Figures
6 and 7. This may be one way of determining an acceptable

Figure 6 Three typical

strain responses to

repeated loading at low

(A), medium (B) and

high (C) stress levels 

(Werkmeister et al, 2001)
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pavement design by checking that the ‘threshold’ stress
level is nowhere exceeded in the system (response ‘A’ in
Figures 6 & 7 is acceptable, response ‘C’ is not, ‘B’ is
marginal). This would, in principle, prevent rutting.

A further complication in considering permanent
deformation development is the effect of the rotating
stress field caused by the passage of rolling vehicle wheels.
As the RLT cannot replicate this effect a hollow
cylindrical apparatus may be used to study the affects of
shear stress rotation on a scaled (sub 4mm) aggregate. It
was found that there was an important influence on the
observed behaviour. Amounts of permanent deformation
increasing by factors of as much as 2 when stress rotation
occurred (Figure 8), but it is not known whether this
increase is material dependent or not. Thus, RLT results
are usually used to rank materials as to their propensity to
rut. This ranking is only approximate and may change if
all moisture contents are changed as the sensitivity of
permanent deformation accumulation to moisture (Figure
2) differs from material to material [Dawson et al., 1996].

With the above understanding and test methods it is
becoming possible to match the properties of the
aggregates we have to the tasks we need to fulfil and even
to change the pavement design in order to redefine the
materials we require if there is a mismatch. We need no
longer use certain broadly-specified classes of material,
assuming the lowest common denominator properties of
that class. Instead, we can distinguish between grades of
material, all formerly categorised into one class, using the
better performing aggregates higher in the pavement and
the lower quality lower in the pavement. In time, focusing
use in this way should be a major aid to material
optimisation.

4.3 In-situ Assessment Procedures
Alongside the laboratory work, there has been an
increasing amount of field testing. Given the difficulties in
obtaining representative laboratory specimens with
respect to grading, particle size, density and moisture
content, field tests are an attractive option. For resilient
properties, light-weight, portable drop-weight tests have
been developed in the UK, Germany, Finland, Denmark
and France (at least – e.g. Fleming et al. [2001], see Figure
9). Whilst there is now some need to rationalise and inter-
relate the readings obtained from such equipment, the
technique seems reasonably assured and suitable for
quality control and performance assessment purposes. In
general, stiffness readings obtained from such lightweight
dynamic plate tests need to be increased before application
in design or assessment. This is in order to allow for the
ambient stress change due to the placement of the higher
pavement layers which will generate a confining effect and
hence a better material response. A remaining difficulty is
the use of field test data obtained at construction or

Figure 7 Summary of response seen in Figure 6

Figure 8 Comparative effect of

conventional and rotating

repeated stress fields applied to a

scaled aggregate (Chan, 1990)
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rehabilitation to estimate long-term behaviour when not
only does the stress change but, also, the moisture regime
is likely to alter, as previously discussed, due to climate
and construction effects. For pozzolanic and other self-
hardening materials, slow stiffness gain with bonding
must also be considered. 

Despite efforts, no field assessment of permanent
deformation has been found as satisfactory as the simple,
but rather inconvenient, expedient of running a loaded
lorry over a piece of aggregate surfaced pavement. Even
so, the results obtained must be treated with caution given
the likely changes in behaviour which will result from
moisture and stress changes as just outlined.

4.4 Specifications
It follows from the above that specification and standards
need to change. New aggregate and new granular materials
are appearing from CEN (Technical Committees 154 and
227 respectively). For the first time standards and
specifications will be clearly separated. Thus the
opportunity arises to write new specifications which are
performance-related and which are largely ‘blind’ to the
source (natural or alternative). These will need to draw on
the new test procedures (both laboratory and in-situ) and
describe their requirements in terms of design properties.
Because of the absence of suitable tests, or their
unreliability, full performance-related specifications are

unlikely to be achievable in the near future. Thus there
will continue to be a need for some specification of mass
properties – especially controlling density and moisture
content. Although only partially a performance-related
specification, the UK is to trial a specification for the
construction of the lower aggregate layers [Fleming &
Rogers, 1999]. This uses in-situ Dynamic Cone
Penetrometer (DCP) and dynamic plate testing of the
subgrade and stiffness characterisation of the lower
aggregate layers to determine the required aggregate
thickness and to check the modulus and trafficability
achieved.

4.5 In-situ Moisture Measurements
In the last 10 years or so, a process known as Time
Domain Reflectometry (TDR) has become available for
measuring the (volumetric) moisture content in-situ with
some accuracy. There are now several trials, on an
international scale which are delivering a database on the
levels of moisture which can be expected in different
circumstances, related to the weather, and be found in
different pavement types. An example is presented as
Figure 10 [Mundy & Dawson, 1999] in which a wet
autumn, freezing during the winter and the high moisture
content on thawing in the spring can all be clearly seen.
The mass of data is building confidence of the typical
values of moisture which may be expected. Furthermore,

Figure 9 Line drawing of a typical

dynamic plate testing device
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the corresponding mechanical information obtained either
from laboratory testing or from in-situ measurements is
allowing the in-situ response to be linked to the in-situ
condition, aiding subsequent estimation of performance
characteristics. 

Table 1 [Mundy & Dawson, 1999] gives some example
results in which the stiffness response of some pavements
as measured by a Falling Weight Deflectometer, have been
related to the condition of the pavement at that time.

4.6 Alternative Materials
A huge amount of work has been performed in
characterising alternative materials to compare them with
conventional materials and in blending mixes in order to

improve their properties. Much of this has been material
specific, but some generic work – especially in assessment
procedures – has been done [Atkinson et al, 1999]. In
particular, the use of a combination of repeated load
triaxial tests on unbound materials together with indirect
tensile stiffness, fatigue and strength tests on treated
aggregates, can give a reliable indication of in-situ
performance. Because many alternative materials are of
rather poor mechanical performance when used alone,
lime, cement, fly ash, ground granulated slag, or other
pozzolan may be added to remedy this. The effect is to
produce a weakly bound material with time-dependant
properties. It has been found that optimum strengths and
stiffnesses require sufficient moisture to allow full

Site Date Pavement Layer Thickness (mm) Mean Deflections (Microns) Remarks    

Surfacing Base + Sub-base Do D900 D1200 D1500

IS.2 31/3/99 37 770 122 80 – – Pavement frozen

IS.2 9/4/99 1449 438 – – Thaw period

IS.2 27/4/99 934 322 – – Partially drained

IS.2 30/8/99 681 259 – – Dryer (all on peat s/g)

EI.1 11/10/99 100 300+ 600 145 32 26 20 (Boulder clay s/g)

EI.2 11/10/99 100 Capping 98 8 5 3 (Rock subgrade)

EI.3 26/3/99 100 600 348 39 20 11 (Firm boulder clay 

EI.3 8/10/99 284 37 19 9 s/g. 20yrs road service)

Figure 10 Gravimetric

moisture content measured

by TDR in Finland (Mundy &

Dawson, 1999)

Table 1 Deflections measured under FWD 50kN load from sample test sites
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hydration but that this can mean a higher moisture than
the optimum value required for compaction. Because their
properties change over a long period (see Figures 11 and
12) this makes selection of mix proportions difficult and
moisture content choice more critical than normal. More
binder may help early strength at the cost of expense and
cracking problems in later life. More water may allow later
strength gains but at the cost of early rutting failure or of
roller cracking of the asphalt surfacing during
construction.

4.7 Laboratory Assessment of Hydraulic
Properties
Work was done some years ago on developing a
permeameter for unbound materials (Figure 13) and a UK
Highways Agency standard does exist [Dept. of
Transport, 1990] for the determination of horizontal
permeability. It was born out of the finding that Darcy’s
law for permeability is only valid in aggregates when the
hydraulic gradient is very small and, hence, irrotational
flow (i.e. flow without eddy losses in pore channels of
changing cross section) exists. Since then further work has

resulted in the development of a device for vertical
permeability (more suitable for backfill to structures, for
example). In addition, there is a draft CEN standard
[1999] for the evaluation of the suction height (a measure
of the suction capacity of the aggregate). Figure 14 shows
a recent result obtained by standing a column of aggregate
in a free supply of water at the base [Jessep, 1998]. It will
be seen that almost no water drains from the material as
originally compacted, even 0.5m above the water table,
but there is evidence of a large suction capability pulling in
significant volumes of water near the base such that the
lower aggregate is close to being saturated. This
undermines much drainage design theory based on the
assumption of the free drainage of saturated aggregate and
ignoring suction potential, but confirms the theoretical
approach prediction of McEnroe [1994]. 

5 Conclusions
This paper has briefly attempted to demonstrate
something of the width of the research into the behaviour
of granular materials for road construction. The
technology has rapidly developed on several fronts and is

Figure 11 Compressive cube

strength results from a range of

treated alternative materials

(M1-19) (Atkinson et al, 1999)

Figure 12 Indirect tensile

stiffness results from a range

of treated alternative

materials (M1-M19) (Atkinson

et al, 1999)
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now in a position to support the application of our
understanding in the area of the resilient assessment of
materials and the incorporation of that knowledge into
design procedures. On the issue of permanent
deformation, experienced as rutting, there is still a way to
go, but advances are being made. Specifications now need
to be changed to make best use of these advances. 

The major influence of in-situ moisture regime and,
thus, the need to have an understanding of both moisture
condition with time and of its influence on granular
material behaviour has been strongly emphasised. This
understanding needs to grow in order to relate behaviour
under one condition to behaviour at another. Only then

may laboratory or in-situ measurements be extrapolated
to the range of conditions experienced during pavement
life, and whole-life performance assessed.

However, applicability of many of the research findings
in a routine setting must await the development of simple
performance-related testing equipment and strategies
which will allow resilient and permanent deformation
characteristics to be assessed at likely in-situ (present and
future) conditions of stress and moisture. 

On the topic of alternative materials, there is now a
considerable improvement on what is and what is not
possible and why. Mechanically, users can design and
demonstrate adequate performance

Figure 13 Department of Transport (1990)

horizontal aggregate permeameter

Figure 14 Typical moisture profile with

height for a compacted column

specimen with water provision at the

base (Jessep, 1998)
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At many hydroelectric projects, the construction of dams,
tunnels, and other underground facilities is associated
with considerable risk related to unknown geologic
conditions at the site. Design-build type contracts allow
owners to pass on much or all of the construction risk to
the contractor, but often at the cost of high bid prices,
delays, or unrealistic expectations that may lead to
litigation. Although adequate site investigations and
sharing of information during the bidding process can
help limit the risk exposure of the parties involved, it is
impossible to eliminate entirely the possibility of costly
complications due to unexpected geologic conditions. 

Fair and efficient sharing of these risks and the associated
costs is important in achieving a cost-effective, high-quality
construction project. Fortunately, opportunities exist in
various phases of the project, such as tendering, contracting,
and construction management, to ensure that risks are
allocated fairly and that costs related to those risks are
controlled.

New Approaches to Risk-sharing
A proposed 195-mw project in Chile, for which Acres
served as design engineer, included an innovative approach
to allocating subsurface risks. The project was expected to
require more than 30 kilometres of tunnels with as much
as 1,000 meters of cover. Very poor rock mass conditions
were expected in less than 2 percent of the rock in the
project area. However, even the minor presence of such
rock conditions posed a danger of significant cost
overruns due to extraordinary support requirements and
schedule delays. 

To reduce the risks associated with unanticipated
geologic conditions, as well as the direct cost of the
project, a new type of insurance was obtained by the
design-build contractor, based on detailed site geological
information established by the design engineer. This “rock
insurance” was a risk-sharing between the owner, the
contractor, and the insurer. It offered certain advantages to
each party. The contractor was able to limit the
contingencies associated with subsurface uncertainties in
his bid, while the owner benefited from a lower capital
cost for the project. A large deductible amount shielded
the insurance company from excessive risk exposure. 

The “rock insurance” approach permits relatively
high-risk projects to be implemented. It does, however,
require that sufficient explorations and evaluation be

under-taken before the bidding process to establish
baseline geological conditions, which will be used to
estimate the exposure limits for each party. In addition,
geological conditions must be monitored and assessed
during construction so that any cost overruns can be
assigned to the appropriate party. 

The “rock insurance” provisions in the contract for the
Chilean project specified the level of risk assumed by each
party. The agreement also included a mechanism for
identifying and classifying the rock during construction.
The contractor and owner agreed on estimated lengths of
tunnelling that will be required in the various rock class,
the general support requirements and rates of advance for
each rock class, and the unit prices for rock excavation and
rock support. Under the agreement, the contractor bore
all risks associated with rock masses classified as “very
good” to “poor.” The contractor also was responsible for
completing excavation in very poor rock up to the lengths
stipulated in the contract. Costs for additional excavation
in very poor rock, including an allowance for additional
time, would be paid by the owner at a predetermined unit
rate, up to the amount of the agreed-upon deductible.
Certain subsurface conditions, such as high-pressure
water inflow and high geothermal temperatures, which
were considered very unlikely but would adversely affect
the underground work, also were covered in the policy
with a deductible payment by the owner. 

Although this innovative agreement may serve as an
example for other underground projects, it is not
appropriate for every project. Before developing the
contract, the owner must take care to identify and consult
with an insurance company that is able to offer this
specialised coverage. The insurer then would review the
merits of the project and evaluate the level and quality of
investigations performed. 

Deciding What to Disclose
In both traditional bidding practices and innovative
approaches, the means and level of disclosure of site
investigations are important considerations. This
disclosure of site information is typically provided by a
“Data for Bidders” document in the tender package. 

Acres’ practice is to make written and verbal
presentations of factual and interpretative data to bidders
during site visits and in the Data for Bidders document,
making a clear distinction between what is factual and what

Managing Geologic Risks in Project Construction
C. Richard Donnelly, Acres International 

From the November 1999 issue of HRW, HCI Publications, Kansas City, Missouri. Website: www.hcipub.com. Reprinted
with permission. This article is the second in a two-part series. Part one was published in NZ Geomechanics News in
December 2000, Issue 60.



is interpretative. Although the degree of interpretation in
these documents has varied, in all cases comments from
owners and contractors have been positive. Recently, Acres
has applied the philosophy of full disclosure to projects in
Lesotho and Uganda. Both projects involved significant
levels of interpretation and evaluation.

Examples of interpretative clauses in Acres’ Data for
Bidders documents follow:
• At the Lesotho Highlands Project: Wearing course gravel

also will be obtained directly from the blasted
excavations in unweathered basalt. It will be necessary to
blade-out oversized material. It also will be necessary in
places to process the material by single-stage crushing,
thereby ensuring quality and producing a sufficient
quantity of material. A certain amount of blending of
weathered and crushed material will be required to
maintain a uniform wearing surface.

• At the Owen Falls Extension project, Jinja, Uganda:
These results suggest that the mature residual soil and,
presumably, the saprolite may locally contain significant
percentages of swelling clay (smectite).

• At Marietta Dam, Ohio, USA: In order to permit
construction in the dry, the excavation area will require
dewatering. In assessing the dewatering requirements,
consideration must be given to the hydrogeological
characteristics of the overburden and the bedrock. In
addition to the installation of some pumped wells at the
upstream and downstream sides of the excavation,
supplementary methods such as sumping and ditching
and proper control of surface runoff will contribute
significantly to maintaining a dry excavation.

• At the Magpie Generating Station, Ontario, Canada: As
is typical with most trench-type excavations, the high
powder factors required probably will produce highly
fragmented muck, which may be suitable after processing
for Zone 5 coarse filter material for the SHF dam.

• At Bishops Falls Generating Station, Newfoundland,
Canada: Due to the nature of the
material, excavation will require some
care. The silt is dilatant and becomes
soft and unworkable when wet.
Excavation methods and construction
equipment must take this weak material
and possible difficult trafficability into
account. To minimise excavation
problems, construction activities should
be scheduled so that the movement of
construction equipment over the
surface of the silt is minimal; excavation
is performed in manageable strips to
limit the period of exposure of the final
foundation surface; [and] the approved
foundation surface is covered as soon as
is practical after excavation. 

It is noteworthy that none of these highly interpretative
clauses was used as a basis for a claim. In fact, at least one
contractor stated that the cooperation of site engineering
staff and the assistance provided by the interpretive clauses
in the tender documents contributed to a claim-free
project. Unlike disclaimers, which tend to arouse doubts
and suspicion in bidders, disclosure of site and design data
inspires confidence and indicates that nothing is concealed. 

Forestalling Future Problems Through Site
Supervision
Even when all risks associated with construction are
transferred to the contractor, the owner still bears long-
term risks associated with unfavourable ground
conditions or poor construction practices, because the
processes that contribute to foundation and earthworks
failure may take many years to manifest themselves. In
particular, earth and concrete dams may fail after many
years of problem-free service, leaving the owner with the
task of remedial work, whether or not construction risks
were transferred wholly to the contractor. 

An evaluation of the occurrence of dam failure, based
on a review of the causes of dam failures around the world,
is summarised in Figure 1.

1
The results of this analysis

show that dam failure incidents related to excessive
seepage, improper construction methods, or piping tend
to occur in two distinct periods in the life of the project.
About half of recorded dam failure incidents occur on or
shortly after first filling, when the initial loading of the
reservoir exposes previously undetected flaws in the
foundation or defective construction. The second critical
period, accounting for 20 to 30 percent of failure incidents,
is after about five to ten years of service. Even if it were
possible to hold a single party accountable for the problem
at this stage, the failure rarely can be traced to a single,
easily identifiable cause. 

The presence during construction of a site supervisor
with extensive knowledge of the design helps to mitigate
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problems associated with first filling and to avert long-
term problems stemming from inappropriate construction
practices. At projects with little long-term risk due to
foundation conditions, holding the contractor entirely
responsible for the construction phase of the project may
be an acceptable strategy. However, when subsurface
properties are a critical design consideration, it is usually
impossible to define for the contractor a set of standard
practices that will adequately account for the wide
variation of soil and rock conditions possible in the field. 

In 1969, Professor Ralph B Peck proposed his
“observational” method for construction management,
which was intended to control short- and long-term
construction risks and costs by allowing a field engineer to
institute appropriate design modifications during
construction as field conditions become better known.

2
In

Peck’s method, the initial design is based on the most
probable site conditions and on the predicted behaviour of
the foundation and materials under those conditions.
Contingency plans also are prepared for the most
unfavourable conditions believed possible. 

Since it was introduced, Peck’s general approach has
been adopted in most geotechnical designs. The design
engineer typically assumes that construction supervision
during the project will be adequate to ensure that:
• The specified methods are used;
• The actual ground conditions are monitored during the

project; and
• Corrective action consistent with the design intent is

taken if the actual conditions are found to vary from the
design assumptions. 

When construction supervision is not provided, the risks
increase for both the contractor and, in the long term, the
owner. The designer also is at a disadvantage, having
designed the structure with neither full knowledge of field
conditions nor the opportunity to modify the design to fit
actual conditions. In this situation, the designer is likely to
increase the degree of conservatism in the design, driving
the cost of the project higher. 

The importance of having adequate site information
and expert construction management also is evident when
dam failures are considered in relation to dam height. In
the review of recorded dam failures, Acres determined
that more than half of concrete dam failures and almost 80
percent of embankment dam failures have occurred at
dams less than 30 meters high.1 There are no recorded
instances of failures of dams over 100 meters high. While
the relative frequency of small-dam failures is
undoubtedly related to the age and number of relatively
small dams (the higher dams are typically newer and there
are fewer of them), it is also likely related to the fact that
high dams are usually well-investigated and constructed
with a high level of site supervision and quality control. 

Sharing Risk Effectively 
Design-build contracts appeal to many hydroelectric
project developers hoping to obtain a firm price bid while
transferring all construction risks to the contractor.
However, forcing the contractor to bid on the basis of
incomplete or inaccurate data and providing no
mechanism for site supervision and appropriate design
modifications is almost certain to drive final project costs
up. In the absence of information or a plan for responding
to newly discovered site conditions, the engineer and the
contractor are likely to build protection into the design
and bid, respectively. In addition, the risk of long-term
problems, occurring outside the normal warranty period,
increases. Constructive approaches to handling risk in a
design-build contract include:
• Performing investigations to adequately define

conditions prior to tendering the work;
• Providing provisional funds within the contract for the

performance of additional investigations by the
contractor;

• Providing provisional funds to cover significant adverse
conditions which, if encountered, would trigger the
contingency designs advocated in the observational
approach;

• Making procedural and cost provisions in the contract
for a designated engineer for areas of the final design
where geological factors increase risk; and 

• Instituting risk-sharing mechanisms such as rock
insurance. 

It is impossible to eliminate all risks associated with
unforeseen geological conditions. However, the prudent
project owner has the means to ensure that a safe, cost-
effective, and trouble-free project is achieved under a
design-build type contract, even when problems with
subsurface conditions are anticipated. 

Notes
1 
Abidi, Y.A., Causes of Dam Failure, Proceedings of the

H.G. Acres Seminar – The Practice of Dam Safety,
Niagara Falls, Ontario, 1985.

2 
Peck, R.P., Advantages and Limitations of the
Observational Method, Applied Soils Mechanics:
Ninth Rankin Lecture, Geotechnique, Volume 19, No.
116, 1969.
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CIPS – A New Technology for the Mining Industry
Ed Kucharski, Graham Price and Wayne Robertson 

A number of geotechnical situations exist in mining and
civil engineering where for safety, economic or
environmental reasons, the mechanical strength of
sediments or porous rocks needs to be improved.
Examples include excavation of pillars in mines that
require vertical exposure of uncemented fill, drilling
through loose sediment or unstable material where the
hole must remain open, providing an effective permeable
barricade for backfill and road base stabilisation. In many
cases the economic feasibility of underground mining
operations depends on the ability to backfill cavities to
establish and retain safe working conditions. In all
situations the fill material must remain strong and
competent throughout development that will include the
blasting and removal of adjacent ore blocks. One means of
achieving this under certain conditions is the use of CIPS.
A major advantage of this technology is the ability to
increase the properties of fill in selected areas after
placement rather than (for example) increasing the
strength of the total backfill through the addition of
cement. In mines where hydraulic slurries are used to
transport materials, such as uncemented tailings, proper
control of the rate of percolation must be maintained as it
can have a profound effect on the strength availability and
liquefaction potential of fill materials. Indeed, the
importance of understanding the mechanics and design of
backfill placed in open stope mine operations to safe
mining operations has recently been highlighted by events
in Western Australia. 

CIPS – The Calcite In Situ Precipitation
System 
CIPS is an innovative technology, developed by CSIRO
Exploration and Mining that improves the geotechnical
properties of materials through the cementation of the
constituent particles with calcite. The system involves
either injecting, flushing or permeating a proprietary
chemical solution through a porous material to displace
any existing pore fluids. This solution is water-based, non-
particulate, of low viscosity, neutral in pH and non toxic. 

Application involves the preparation of two aqueous
components which, when combined as a single solution,
trigger a chemical reaction that results in the precipitation
of calcite crystals within the pore fluid and on the surfaces
of particles. These crystals coat the particle surfaces and
contacts thereby cementing the particles together and
increasing the mechanical strength of the material. Typical
times to completely precipitate all of the calcite cement
from solution range from 8 hours to 3 days. 

Only a small portion of the void space between
particles is occupied by the calcite cement, thus pore
throats generally remain open with each treatment leaving
the permeability of the material only slightly reduced.
Multiple CIPS treatments are therefore possible leading to
further precipitation of calcite and very large increases in
the mechanical strength of the treated material. Other
methods of controlling the degree of strength
improvement in the treated material include:
1) adjusting the chemical formulation to vary the amount

of calcite cement precipitated; 
2) adjusting the chemical formulation to control the rate at

which this cement precipitates.

Figure 1 Stress-strain

relationship in undrained

triaxial compression (s3’ = 500

kPa) for calcareous sand



New Zealand Geomechanics News

64 Newsletter of the New Zealand Geotechnical Society Inc.

The crystallisation of calcite cement around particles and
their contacts closely mimics the cementation processes
occurring in nature where loose sediments are transformed
into sandstones and limestones. Stability and durability of
this cement is the same as that for natural sandstones and
limestones (Figure 1). With sufficient CIPS treatments
loose material can be converted into artificial “rock”.

CIPS – Properties
• Designed for in-situ application: low viscosity, water

based, non-particulate solution allowing easy penetration
into fine-grained porous material such as mine tailings.

• CIPS solutions are non-toxic and neutral in pH, the
most offensive residual component being a moderate-
grade agricultural fertiliser.

• Simple application: CIPS solutions can be delivered by
flooding or spray application on horizontal surfaces or by
injection from simple drill hole tools under low pressure.

• Calcite cement precipitates directly from the CIPS
solution, not by reaction with treated material.

• Controllable cementation rates; from 8 hours to 3 days.
• Large amounts of calcite can be precipitated (up to 150

grams per litre of solution), controllable by adjusting the
starting formulation.

CIPS – Cementation of Mine Tailings Backfill
Laboratory trials have been conducted on tailings samples
from underground filled stopes at Broken Hill. These
samples were effectively loose, fine to medium grained
sands, similar to the tailings produced at most mines. 

After treatment with CIPS solutions the tailings
samples were transformed into rock-like cores with
significant increases in strength and stiffness. Subsequent
UCS tests demonstrated that sample strengths ranging
from 0.35 MPa to 4.8 MPa could be produced using a

standard, non-optimised, CIPS formulation (Figure 2). 
Higher strengths are expected after the CIPS

formulation is optimised for the fill type. UCS tests on
fine silica sand (300µ passing) treated with a CIPS
formulation optimised for that material showed that
strengths of around 4Mpa could be developed after only
one CIPS treatment. Multiple treatments can produce
UCS strengths of around 40Mpa (Kucharski et al.,
Proceedings 7th Australia New Zealand Conference on
Geomechanics, Adelaide, South Australia, July 1996S.
Kaggwa and D.A. Cameron Eds., pp 102-107). 

CIPS – Control of Acid Rock Drainage
Calcite, in the form of limestone, is generally considered a
desirable material for increasing the pH of mine drainage
waters and various strategies have been devised for using
calcite in drains and barriers. The chemical reactions that
can occur are complex and the suitability of calcite for any
given situation depends on the precise chemistry of the
mine drainage waters and the conditions in the
drains/barriers. In those environments where calcite is
suitable for controlling Acid Rock Drainage, CIPS can be
an effective method for introducing calcite into the pores
and fractures of underground soil and rock masses, thus
creating a barrier to the acidic waters. 

Because of its ease of penetration and delivery from
simple borehole tools, CIPS offers an efficient method for
placing calcite into specific underground sites. The
injected CIPS solution must initially displace the existing
groundwater in the vicinity of the injection site and design
considerations would be needed to locate this injected
solution in the path of a moving acidic plume. Once in
place the CIPS solution will precipitate calcite in the pores
and fractures to provide a barrier to further movement of
acidic plumes. 

Figure 2 Variation in UCS

with Number of CIPS

Permeations for Sandfill G1
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Types of Barriers Possible with CIPS
Permeable Reactive Barriers
Under normal application conditions for CIPS solutions,
the calcite deposited in the pores and cracks of the target
material will only slightly reduce the permeability of the
material. Thus, apart from situations where large numbers
of CIPS treatments are applied, the target material will
essentially remain permeable after CIPS treatment,
allowing the introduced calcite to provide an effective
Permeable Reactive Barrier to acid mine waters. The
effectiveness of such a barrier will depend only on the
amount of calcite introduced and whether it is sufficiently
reactive to neutralise the acidity and/or precipitate any
dissolved metal ions.

The ability to target specific sites and deliver CIPS via
bore hole injection means that a permeable reactive barrier
can be designed to produce the desired outcome in the
most economical way, i.e. by using sufficient but not
excessive volumes of calcite in just the right locations.
Also, the ability of CIPS to re-treat the rock mass may be
important if the “capacity” of the barrier needs to be
increased or “replenished” at any time.

Impermeable Barriers
Several options exist for CIPS to be used to create an
impermeable (or relatively impermeable) barrier to the
movement of underground waters. 
a)  An obvious direct method is to repeatedly treat the

target zone with CIPS solution until the material
becomes impermeable to further CIPS injection. The
effectiveness of a barrier so created and its degree of
impermeability could be quantitatively determined
from how difficult it becomes to inject further CIPS
solutions. In favourable conditions where the target
waters are sulphate-rich and have a low pH, a
secondary reaction can also occur where the
introduced calcite is converted to gypsum. Any such
gypsum formed will occupy a significantly greater
volume than the original calcite, thus further filling
pore spaces and significantly reducing the permeability.
Eventually the entire treated volume could become
cemented with a combination of calcite and gypsum
with very low effective porosity and permeability and
thereby preventing water movement.

b)  Recent considerations of alternate delivery systems for
CIPS, particularly involving the bacterially-mediated
version of CIPS (Biocement), have indicated that it
could also be used to deposit large amounts of calcite
within pore spaces over a limited volume of the target
material to create a thin wall, perhaps as thin as 10-20
cm. Initial delivery of one component of the CIPS
solution to the target barrier is followed by slow
delivery of the second component from one side of the
target barrier without trying to penetrate the entire
mass of material. And, because the wall is thin, the
amount of CIPS needed is relatively low and thus the
overall cost would also be low.

CIPS as a Commercial Product
CSIRO is in the process of commercialising CIPS through
Lithic Technology Pty Ltd. Commercial projects using
CIPS are being undertaken in the fields of civil and coastal
engineering and building preservation. A proposal is
currently being developed for application of CIPS to
consolidate mine fill and tailings for both underground
and surface mining operations.

For further information please contact:
Dr Ed Kucharski
Phone: + 61 8 9333 6234 or +61 402088065
Email: e.kucharski@ned.dem.csiro.au

Dr Graham Price
Phone: +61 3 9479 5641 
Fax: +61 3 9479 1272
Email: g.price@ned.dem.csiro.au

Mr Wayne Robertson
CSIRO Exploration and Mining
Underwood Avenue
Floreat Park  
WA 6014
Phone: +61 8 9333 6304 or +61 403002995 
Fax: +61 8 9387 8642
Email: w.robertson@per.dem.csiro.au 
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Introduction
The Earthquake Commission (EQC) is New Zealand’s
primary provider of natural disaster insurance cover to
residential property owners. The Commission is a Crown
Entity, not a government department or state owned
enterprise but, as a Crown Entity, it is owned by the
government and is subject to public sector finance and
reporting rules. 

The EQC’s role is to help New Zealanders recover
from natural disasters including earthquake, volcanic
eruption, natural landslide, tsunami, storm and flood. It
does this by securing the property owners against the cost
of these disasters and assisting them with the management
of repair and replacement after the event.

The government guarantees that the EQC, and the
Natural Disaster Fund that it administrates, will meet all
of its obligations. At the end of the 1998 financial year the
National Disaster Fund had a balance $3,200,000,000 yet
the EQC is believed to have an exposure in excess of its
current level of assets (EQC Annual Report 1997/98).

Natural Disasters
New Zealand is located on the circular line of activity
around the Pacific Ocean known as the Ring of Fire. The
boundary between the Pacific and Indo-Australian
tectonic plates passes along the length of New Zealand.
These plates are gradually sliding under and past each
other thereby subjecting New Zealand to earthquake and
volcanic activity.

Earthquake
Earthquakes happen all over New Zealand. The largest
event in modern history occurred in Wellington in 1855 and
has been estimated at 8.1 on the Richter Scale. There have
been numerous other earthquakes of significant magnitude
that have caused major damage. In the Napier Earthquake
of 1931 (magnitude 7.9) two hundred and fifty eight people
died and the Edgecumbe Earthquake of 1987, that was
“only” a 6.3 event, cost the EQC nearly $140,000,000.

Volcano
The most recent major volcanic eruption was Mt Tarawera
in 1886, which killed one hundred and twenty people.
White Island off the coast of the Bay of Plenty is a
continuously active volcano where attempts to mine
sulphur were abandoned due to the high risks involved.
Greater Auckland with a population of 1.3 million is built
on forty eight volcanic cones and whilst Rangitoto was the
last eruption 600 years ago it is believed that the next could
occur anywhere and anytime.

Tsunami
There is a lot of coastline around New Zealand and the
vast majority of New Zealanders live near the sea.
Tsunami caused by earthquakes thousands of kilometres
away can have a devastating effect on the shore. In 1947 an
offshore earthquake sent two large waves towards the east
coast near Gisborne. The second wave was 10m high and
destroyed buildings, houses, roads and bridges over an
80km stretch of coastline. Much low lying fertile pasture
and farmland was inundated by up to 3m of saltwater.
Remarkably, there were no deaths and few injuries.

Landslide
In geological time frames New Zealand is a very young
country whose mountain ranges and coastline is ever
changing. Every year there are thousands of landslides,
many resulting in the damage or destruction of homes,
property and infrastructure. In 1846 a natural landslide
destroyed the village of Te Rapa on the shores of Lake
Taupo killing sixty one people and then in 1910 a second
landslide in the same area buried the road to a depth of
10m and reclaimed 10 hectares of land from the lake.

EQC & Landslides
In the year 1997/98 there were 38 earthquakes that
generated over 1000 insurance claims from property
owners in New Zealand. One of these earthquakes, a 6.3
‘quake near Taumarunui west of Lake Taupo, generated
more than 600 claims but the total claims cost was little
over $240,000.

In the same year there were over 800 claims for damage
caused by landslides at a cost of nearly $4,700,000. The
final figures for 1998/99 are not yet available but are
expected to show a fourfold increase in the number of
claims for landslides.

It is therefore surprising that natural landslides are the
poor relations of the natural disaster family. In terms of
the public’s perception of risk, landslides are the most
underrated hazard. Despite their toll on life and property
the proportion of research funding and study on natural
landslides is staggeringly small compared to earthquakes.

This is not unique to New Zealand. In the United States
the National Research Council estimate that landslides
cause between 25–50 deaths per year at a cost of
approximately US$1,500M. This is more than the
combined total of all other natural hazards. The US
Geological Survey has an annual budget of US$2.4M and
a staff of 15 to study landslides compared to a budget of
US$49M and a staff of 150 for the earthquake program
(Reference 1).

The New Zealand Landslide Safety Net
J. Grant Murray, Sinclair Knight Merz, Auckland 
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The Claims Process
The EQC relies upon a significant input from geotechnical
engineers in the evaluation and assessment of claims for
landslide events.

Depending on the circumstances of the problem the
first opportunity that an engineer will have to evaluate the
situation is after the occupants are secure and an EQC
appointed insurance assessor has inspected the property. If
the assessor is uncertain as to the circumstances of the
ground movement, and whether or not the property and
land is a total loss, they will request an engineer’s
inspection.

The engineer’s initial inspection will try to identify the
mechanism of failure, the extent of damage, the potential
for further loss and whether or not remedial works are
appropriate. This is perhaps one of the most difficult and
stressful arenas within which to operate as a professional
engineer.

Imminent Loss
According to the legislation under which the EQC acts it
cannot provide any assistance unless some damage has
occurred to a property or there has been some loss of land.
However, there are some instances when there has been

substantial ground movement and a property is
threatened, that EQC can act to mitigate damage. The
ability to intervene against the forces of nature hinges on
the definition and interpretation of “imminent loss” in the
Earthquake Commission Act of 1993 (Reference 2).
Again, in these circumstances, it is the engineer’s
judgement that is relied upon for the assessment of
imminent loss.

Apart from “how do we fix it?”, questions that are
often posed by the loss adjusters at the scene of an event
during the initial engineer’s inspection include, “can the
slip reactivate within the next few days/weeks/months?
Will there be continued movement that will impact on the
property?”

Since EQC is a Crown Entity all records, files,
correspondence and decisions are open to public scrutiny.
All actions taken have to be carefully considered in terms
of professional liability but with a hillside on the move
any delay or uncertainty could result in preventable losses.
For the consulting engineer, communication skills are just
as important as a thorough and rigorous understanding of
geology, geomorphology and geotechnical engineering.

Events
In the year 1998/99 the author was involved in the
assessment or review of eighteen landslide events for
EQC. In each instance there was an individual
homeowner or family whose lives had been literally
turned upside down by the sort of traumatic event that
they had only ever previously conceptualised from the
safety of a cinema seat whilst watching a disaster movie.

McKenzie Bay
In July 1998, following a period of prolonged heavy
rainfall approximately 6000m3 of colluvium washed off of
the hills above McKenzie Bay near Whangarei. The
mobilised debris flow slide travelled 800m, pushed a single
dwelling off its foundations, covered the road, blocked a
culvert and took out a power supply.

The failure mechanism was readily identifiable but why
the slide should mobilise during this particular rainfall
event will remain a mystery. The road on a small
embankment did much to stem the flow of the debris slide
and in all likelihood prevented other properties on the
shore side from becoming similarly engulfed.

With the debris flow arrested, the initial inspection
considered the risk of further movement. Was there any
more saturated colluvium at the head scarp? What
remedial works are appropriate to prevent reactivation?

In this instance site reconnaissance and mapping was
able to demonstrate that virtually all the material that
could be mobilised had been, therefore with some simple
earthworks and suitable drainage of the slide debris the
site could be made safe.

Figure 1 EQC Landslide Claims 1997–1999

TOTAL NUMBER – 3236
TOTAL VALUE – $15M



New Zealand Geomechanics News

68 Newsletter of the New Zealand Geotechnical Society Inc.

Photo 1 McKenzie Bay debris flow

The damaged, timber framed property in the path of the
slide could be easily repaired and relocated but whether
the owners will ever re-occupy is uncertain. The debris
flow has left more than just a big scar on the landscape.

Waitomo
Waitomo is a rural village in the Waikato with a small school
on high ground. The local authority in its wisdom decided
that it was quite important for the primary school rugby
team to play on a level playing field. A local contractor was
hired to flatten and widen the adjacent ridge thereby creating
the necessary extra space and at the same time establishing a
number of prime building plots for new properties. 

Unfortunately, before any development could take
place, the property owner below the site where all the
earthworks took place became alarmed as his fence was
pushed over, his shed started to tilt and some very large
tension cracks opened up on the playing fields.

In this instance there was no property damage and no
land had been lost. However, the site reconnaissance was
able to identify that there was a very real risk of imminent
loss and the occupants were advised to vacate the property.

EQC met the cost of the claim in full. The property was
declared a total loss despite not suffering any direct
damage and despite the fact that the poorly engineered
earthworks were, in all likelihood, a significant
contributory factor on the observed instability.

The Earthquake Commission Act 1993 contains a clear
definition of natural landslide. An insurer seeking to limit
his liability on this claim could easily make a case for non-
payment based on the probable influence of the
earthworks. However, the legislation was originally
drafted on the principal of social justice and with the
fundamental objective of protecting individuals against the
costs of disastrous events. By settling the claim the EQC
does retain rights of subrogation and therefore will
consider pursuing a third party if they are liable. 

Darch Road
In July 1998, a property owner on Darch Road at
Whangarei Heads, Northland was taking a mid-winter
holiday and left the house in the care of local relatives.
Following a period of extremely wet weather the house
sitters noticed that an alarming crack had opened up on
the steeply sloping concrete driveway. There was little
damage to the property but some ground movement had
taken place.

The loss adjusters required an inspection and
assessment by a geotechnical engineer to evaluate the
mechanism and determine appropriate remedial works to
mitigate against further movement or imminent loss.

After the initial visual inspection, a subsequent
assessment of aerial photographs, and an intrusive
borehole investigation, it was concluded that the property
was sited on a large landslide complex of colluvium with
the potential to reactivate a deep seated mechanism.

All practicable stabilising measures to lower the
landslide risk would incur costs well in excess of the value
of the property. Therefore, the favoured recommendation
was to install drainage to control the primary triggering
mechanism and also establish simple monitoring
equipment in the hope that there would be some advance
warning of any further ground movements.

The communication skills of the engineer are most
important when there are sensitive issues concerning long-
term security and safety of the property owner, adjacent
properties on the same geological formation,
responsibility for the maintenance of land drainage, the
monitoring of ground movements and the overall impact
on property values. 

EQC & Engineering Resources
It is estimated that less than one third of landslide claims
that EQC processes actually demand an engineering
inspection. In most instances the loss adjuster will evaluate
the claim and no input is required from a geotechnical
professional.

However, despite this relatively low demand for
professional services to assist in the evaluation of landslide
claims, in July 1998 when 843 claims were registered the
available engineering resources could not provide an
immediate response for approximately 150 preliminary
inspections.

This is a serious concern. Landslide events are an
ongoing and significant problem. However, the peak
demands on resources can be dealt with by sensible
prioritising and the acceptance of some delays. This is not
an acceptable option for a single major event.

The Northridge earthquake in California in 1994 was
only magnitude 6.7 yet caused much more damage than
could have been anticipated and placed a considerable
burden on the emergency services, insurers, engineering
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and construction industries lasting well beyond the
immediate response stage. There is every possibility that at
some time the EQC and the engineering profession in
New Zealand is going to face a similar natural disaster. 

The EQC and the Insurance Council of New Zealand
have considered the economic impacts of a single major
event (Reference 3). The scenario adopted was a
magnitude 7.5 earthquake on the Wellington fault. This is
believed to be the most probable large earthquake but not
the largest potential earthquake that could impact on the
Wellington region.

For this event it is estimated that nearly 18,000
residential properties would be destroyed and over
150,000 residential and commercial properties would
require inspection. It has also been estimated that this
event would generate up to 250,000 insurance claims
(Reference 4). The fact that the engineering profession
struggled to cope with a fraction of that number of
landslide claims in one month would suggest that there is
not the available to resources to provide the necessary
expertise when the big event occurs.

Conclusions
• For a geotechnologist, New Zealand is an exciting and

challenging country in which to practice.
• Natural landslides are an underrated hazard deserving of

more research.
• A rigorous adherence to the highest professional

standards is a prerequisite for managing the engineering
inputs on a landslide that has impacted a residential
property.

• When the big event occurs in New Zealand there will be
a massive demand for specialist engineers to support the
remedial and reconstruction works.
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Ormiston Associates Ltd is a specialist geotechnical
engineering and geological consultancy formed in 1993
and based in Grey Lynn, Auckland. The organisation
consists of four full-time staff including three engineering
geologists, Sandy Ormiston, Bevan Hill and Trisha Roy
and one geotechnical engineer, Leigh Dooley. 

The Consultancy offers expertise and project
management in the disciplines of geotechnical engineering;
foundation engineering; slope stability; engineering
geology; on-site wastewater treatment and disposal;
hydrogeology; resource consents; aggregate investigations;
quarry design and management and erosion/silt control
design. 

Major clients include regional and territorial councils,
telecommunication companies, government departments,
major aggregate and quarrying companies, land
developers, architects and other engineering consultancies.

A particularly interesting project Ormiston Associates is
currently involved in is the review/rewrite of the Auckland
Regional Council’s Technical Publication 58, its guideline
document for on-site wastewater treatment and disposal.

Our office has a relaxed atmosphere which we believe is
conducive to producing a successful consultancy. Staff
interests include skiing, snowboarding, wake-boarding,
sailing, fishing, kayaking, motorcycling, tramping, ice
skating and frequenting cafés. 

Ormiston Associates
PO Box 47822
Ponsonby
Phone: 09 378 1081
Fax: 09 378 9834
Email: ormiston@ihug.co.nz
Contact: Leigh Dooley

Cook Costello
19 Lower Tarewa Rd
Whangarei
Phone: 09 438 9529
Fax: 09 430 4282
Email: ccl@coco.co.nz
Contact: Philip Cook

Cook Costello was established in 1976 and founded on
heavy industrial and geotechnical work. Major works have
continued to utilise our substantial accumulation of base
investigation information and often involve areas where
work has been previously carried out.

Cook Costello has two senior staff geotechnical
engineers and a senior associated engineering geologist
and is one of Northland’s largest predominantly
geotechnical consultancies. In 1978 we established
Northland’s first Telarc registered soil mechanics
laboratory, recognising then, as now, that essential to
solving geotechnical problems in Northland is a
fundamental understanding of the variable materials and
the ability to understand mechanisms of failure prior to
offering solutions. We also recognise the necessity of

specialist geotechnical support from time to time.
Generally we are working in a sub-tropical climate with

variable cyclonic weather patterns, giving rise to intense
local rain storms and complex and varied local geology
including upside-down allocthonous soils with volcanic
overlays.

The local area is in a stage of intensive development and
we have recently spent significant time and resources with
specialist assistance researching and investigating the
requirements of the Building Act Section 36 (2) notices in
mine zone areas. The requirements imposed in the District
Plan are considered to be at the forefront of mine
subsidence work in the Northland area, which is of
particular relevance in the Whangarei suburb of Kamo.

COMPANY PROFILES

Ormiston Associates Ltd, Auckland

Cook Costello Ltd, Whangarei
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PHOTO COMPETIT ION 2001

Show us your headscarp!

Awarded First Place

Entered by Ormiston Associates Ltd

Entered by Ormiston

Associates Ltd

Steel – who needs steel?
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Highly Commended

Entered by Paul Finlay

Block slide 
development, 
Point Elizabeth, 
Cobden, 
West Coast

January 2000

January 2001
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Career Path
With a BSc in Earth Sciences from the University of
California at Santa Cruz in my back pocket, I left
academia and relocated 50 miles north to Silicon Valley,
California. Working first as a soil technician / geologist for
a 3 person office and then as an engineering geologist with
larger geotechnical engineering firms I completed 7 years
of geotechnical work, the last 2 of which were
supplemented with evening courses in computer science.
Shortly after obtaining California registration as an
engineering geologist I then spent the next 5 years as a
systems analyst for a computer-mapping project at a large
telephone company with an extensive fibre optic cable
network. A chance encounter with a kiwi lady at a
Northern California hot springs retreat led to a visit to
New Zealand and, a few years later, relocation to Nelson.

While working, for a year and a half, at the local Mitre
10 hardware shop I eventually convinced the newly set-up
Nelson office of Royds Garden that they needed an
engineering geologist. Although some 10,000 km separate
California and New Zealand, there are a large number of
similarities in their geotechnical settings. I have been a
technical member of IPENZ since 1995, recently
reclassified as an engineering technologist (TIPENZ).
Now after 9 years (and 4 name changes/ mergers) I have
gone out on my own setting up Geo-Logic Ltd working,
at least initially, from home.

Typical Work Week 
For the last 5 years I have worked 4 days per week (my
choice) to balance my family and professional life.
Typically 11/2 to 2 days would be spent doing field work
(site inspections, logging test pits, drill holes, soil samples
etc). The remainder might be spent interpreting data,
writing reports, developing site maps, project management
administration and preparing proposals. A typical week
would see an average of 8 projects juggled with one,
maybe two brought to closure – if it’s a good week. On
my “free day” I freely give about half of it to parent help
at school, regularly leading classes on field trips (my

passion being to introducing students, young and old, to
Nelson rocks, fossils and landforms). The other half day
might be spent in a café drinking coffee or brainstorming
with other volunteers of the Nelson Environment Centre.

Highs and Lows
Field work really makes my job enjoyable – even in the
rain which can sometimes highlight contributing causes of
slope, or other, instability assessments. I will always
reschedule a school field trip if the weather packs up so as
not to squash budding student enthusiasm in outdoor
science based work. Detailed inspection of a 600 metre (m)
long, 5 m deep trench for a faulting investigation in
California (refer photo) and the view looking up from the
bottom of a 16 m deep 1.2 m dia exploration borehole for
a West Coast dam foundation investigation would have to
rate near the top of my “highs” list. Right up there with
abseil inspections of unstable sheer cliffs above busy
highways in Nelson, Wellington and the Waikato.
Increasingly, paperwork requirements (roughly
proportional to the relative size of my employer) had
begun to choke the efficiency as well as the enjoyment out
of paid employment. Hence the recent move to self-
employment.

Ambitions
Furthering the notion that appropriate geotechnical
feasibility assessments of project proposals is a precursor
to good engineering rather that an afterthought. I would
also like to develop a part-time teaching position in
applied engineering geology preferably taking advantage
of web based teaching technology.

Advice
Be nosey when it comes to site investigations and,
wherever possible, make a point of taking a quick look up
that last ravine you spotted out of the corner of your eye.
And take photographs! You too might someday want to
develop a website. Visit me at www.geo-logic.co.nz

MEMBER PROFILES

Paul Denton

Occupation
Senior Engineering Geologist, Director Geo-Logic Ltd

Age
40 something
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Route to the Job
After obtaining a BSc degree from Otago University in
1975, I joined the Ministry of Works as an Engineering
Officer Cadet and completed an NZCE (Civil) as part of
a training programme that included: surveying, water and
soil, traffic engineering and laboratory experience. In 1980
I decided to specialise in geotechnical and related civil
engineering laboratory services (soils, aggregates, concrete
and field testing). 

Subsequent quality assurance qualifications and
experience as an IANZ technical expert has enabled me to
qualify as a Certified Quality Manager through NZ
Organisation for Quality.

In 2000 I completed an MBA (TechMgmt) from Deakin
University by distance education.

Presently I manage our geotechnical investigations and
related laboratory operations in the Otago/Southland/
Canterbury region.

Typical Day
Every day brings new challenges in our small but busy
operation. My role involves technical, staff and business
management. I work closely with clients to determine
their needs and provide required outcomes through my
team and with support from other professionals in the

company. Available time and staff are the critical resources
in our operation and juggling these to meet client
expectations can be both challenging and fulfilling. I have
a special interest in instrumentation and like to get out of
the office and do field testing when I can. 

Highs and Lows
For me the highs come from servicing satisfied clients who
keep coming back. A low would be loss of skilled staff and
training opportunities during the late 1980s so that there is
now a shortage of experienced senior staff in the industry.  

Ambitions
I would like to get into some roading pavement design
while still maintaining laboratory management
responsibilities. Further down the track I am planning to
seek registration as a professional engineer.

Advice
Seek out someone within your specialist area of interest as
a mentor to give advice and guidance. Also setting short
and long term goals can be a really valuable in developing
your career. Provide flexibility in assigning work to staff
so as to allow them the opportunity to develop in areas of
personal interest. 

Rex Corlett

Occupation
Laboratory Manager (Southern Region) 
Opus International Consultants Ltd, Dunedin
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This question is a little more time demanding, and a little
more subtle than previous ones, although the calculations
involved are routine. The question is – why do the two
alternative methods of estimating “surcharge” fill
thickness in the following problem produce very different
values?

The Problem
A layer of fill 2m thick is placed on the surface of a
normally consolidated clay layer 3m in thickness.
Properties of the two materials are shown in the diagram. 

Determine the following:
a) The ultimate settlement.
b) The additional fill (surcharge loading) needed to make

the site available in 3 months. Do this in two ways:
1) By calculating the additional fill needed to induce the

ultimate settlement from (a) in 3 months.
2) By calculating the additional fill needed to ensure that

when this additional fill is removed there are no
positive pore pressures remaining in the clay layer, i.e.
there will be no further primary consolidation. 

The value obtained by each method is different. Why is
this so?

The answer to the question is fairly
readily arrived at if the actual physical
process of pore pressure dissipation is
considered. This is illustrated in the
diagram below showing curves of pore
pressure versus depth – for the layer of
thickness H and the layer of thickness
2H. Pore pressure contours are shown
for two times, t1 and t2. These
contours are identical. However, as
soon as the time exceeds t2 they will
no longer be identical; the rate of
dissipation for the thin layer will be
faster then for the thick layer since no
flow will come from below depth H.
Hence the settlement record of the
surface markers will also be identical
up to time t2 and the answer to the
question is Option B (of the choices
given). The point at which Curve B
departs from the curve for marker A
corresponds to the time t2.

LAURIE’S  BRAIN TEASER (NO. 4)

Answer to Brain Teaser No. 3 (December, 2000)
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NAME POSITION ADDRESS, EMAIL PHONE, FAX  
Grocott, GG (Guy)* Chairman Golder Associates Ltd 03 377 5696 Work

P O Box 2281 03 377 9944 Fax
Christchurch 03 337 0553 Home
ggrocott@golder.co.nz 

Fellows, DL (Debbie) Management Secretary 6 Sylvan Valley Ave 09 8177759 Home
Titirangi 09 8177035 Fax
Auckland
dfellows@xtra.co.nz 

McPherson, ID (Ian)* Treasurer, Connell Wagner Ltd 04 472 9589 Work
Wellington Branch P O Box 1591 04 472 9922 Fax
Co-ordinator Wellington

McPhersonI@conwag.com 
Crawford, S A (Steve)* Stability Guidelines, Tonkin and Taylor 09 355 6054 Work

ANZ Conference P O Box 5271 09 307 0265 Fax
Auckland
Scrawford@tonkin.co.nz 

Berrill, J (John)* Christchurch Branch  Department of Civil Engineering 03 3642 381 Work
Co-ordinator University of Canterbury 03 3642 758 Fax

Private Bag 4800
Christchurch
Berrill@civil.canterbury.ac.nz 

Bauld, C (Chris) Auckland Branch Tonkin and Taylor 09 355 6000 Work
Co-ordinator, P O Box 5271 09 355 6059 Direct Dial
Young Geotechnical’s  Wellesley S t09 307 0265 Fax 
Representative Auckland

Cbauld@tonkin.co.nz 
Murray, JG (Grant) Editor of NZ Sinclair Knight Merz Ltd 09 913 8901 Work

Geomechanics News, P O Box 9806 09 913 8984 Fax
ISSMGE VP designate  Auckland 09 524 5078 Home
(from Sept 2001) Gmurray@skm.co.nz 021 271 1992 Mobile

Riddolls, BW (Bruce) IAEG Australasian  Golder Associates Ltd 03 377 5696 Work
Vice President P O Box 2281 03 377 9944 Fax

Christchurch
briddolls@golder.co.nz  

Haberfield, CM (Chris) ISRM Australasian  Department of Engineering 61 3 9905 4982 Work
Vice President Monash University 61 3 9905 4944 Fax

Clayton 3168 61 3 9754 5452 Home
Australia
Chris.haberfield@eng.monash.edu.au  

Randolph, MF (Mark) ISSMGE Australasian Centre for Offshore 61 9 380 3075 Work
Vice President (until Sept Foundation Systems 61 9 380 1044 Fax 
2001) University of Western Australia

Nedlands, WA 6907
Australia
Randolph@civil.uwa.edu.au 

Henderson, J (John) Dunedin Branch  City Consultants 03 474 3834 Work
Co-ordinator P O Box 5045 03 474 3551 Fax

Dunedin
Jhenders@dcc.govt.nz 

Burton, P (Paul) Bay of Plenty / Waikato Geotechnics Ltd 07 571 0280 Office
Branch Co-ordinator’s 64 Kaitemako Rd 021 610 067 Mobile

Welcome Bay 07 544 4910 Home
Tauranga
Pburton@tonkin.co.nz

Mitchell, M T (Mark) PO Box 9123 07 839 3251 Home  
Hamilton
geocon@voyager.co.nz 
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Objectives
a)  To advance the study 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.

Membership
Engineers, scientists, technicians, contractors, students and others who are interested in the practice and application of
soil mechanics, rock mechanics and engineering geology.

Members are required to affiliate to at least one of the International Societies.
Studies are encouraged to affiliate to at least one of the International Societies.

Annual Subscription 
Subscriptions are paid on an annual basis with the start of the Society’s financial year being 1st October. A 50% discount
is offered to members joining the society for the first time. This offer excludes the IAEG bulletin option and student
membership. No reduction of the first year’s subscription is made for joining the Society part way through the financial
year. 

Basic membership subscriptions 
which include the magazine, are: 

Members $67.50
[IPENZ members receive a $15 rebate on their IPENZ subscription for belonging to the society]

Students $28.10
[IPENZ student members receive a $7.50 rebate on their IPENZ subscription for belonging to the Society]

Affiliation fees for International Societies 
are in addition to the basic membership fee:

International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE) $22.00
International Society for Rock Mechanics (ISRM) $28.50
International Association of Engineering Geology & the Environment (IAEG) $21.00

(with bulletin) $70.00

All correspondence should be addressed to the Secretary. The postal address is:
NZ Geotechnical Society
P O Box 12 241
WELLINGTON

Note:
Members of IPENZ now receive their discount on society fees ($15 for members, $7.50 for students) directly on their
IPENZ subscription.  

NEW ZEALAND GEOTECHNICAL SOCIETY INC.



The Secretary
NZ Geotechnical Society
The Institution of Professional Engineers New Zealand (Inc)
P O Box 12 241
WELLINGTON

NEW ZEALAND GEOTECHNICAL SOCIETY
APPLICATION FOR MEMBERSHIP

(A Technical Group of the Institution of Professional Engineers New Zealand (Inc))

Full Name (Underline Family Name)
Postal Address
Phone No: Fax No: Email:
Date of Birth
Academic Qualifications
Professional Memberships Year Elected 
Present Employer
Occupation
Experience in Geomechanics

Student Members:
Tertiary Institution
Supervisor Supervisor’s signature

(Note that the Society’s Rules require that in the case of student members “the application must also be countersigned by the student’s

Supervisor of Studies who thereby certifies that the applicant is indeed a bona-fide full time student of that Tertiary Institution”;

Applications will not be considered without this information).

Affiliation to International Societies: (All full members are required to be affiliated to at least one society, and student members are encouraged to

affiliate to at least one Society. Applicants are to indicate below the Society/ies to which they wish to affiliate). 

I WISH TO AFFILIATE TO:
International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE) Yes/No 
International Society for Rock Mechanics (ISRM) Yes/No
International Association of Engineering Geology & the Environment (IAEG) Yes/No

(with Bulletin) Yes/No

DECLARATION: 
If admitted to membership, I agree to abide by the rules of the New Zealand Geotechnical Society Inc.

Signed Date

ANNUAL SUBSCRIPTION: 
Due on notification of acceptance for membership, thereafter on 1st of October. Please do not send subscriptions with this application form. 

You will be notified and invoiced on acceptance into the Society.

PRIVACY CONDITIONS:
Under the provisions of the Privacy Act 1993, an applicant’s authorisation is required for use of their personal information for Society

administrative purposes and membership lists. I agree to the above use of this information:

Signed Date

(FOR OFFICE USE ONLY)

Received by the Society

Recommended by the Management Committee of the Society

Approved by the Council of the Institution
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Publication Name List Price List Price
Members Non-Members

New Zealand Geomechanics Society Conferences:

Proceedings of the New Zealand Geotechnical Society Symposium – $40 $70
Roading Geotechnics 98
Auckland 1998

Proceedings of Technical Groups, Vol 22, Issue 1G $20 $35
Geotechnical Issues in Land Development
Hamilton 1996

Proceedings of the Auckland Symposium - $10 $45
Groundwater and Seepage
May 1990

Australia – New Zealand Conferences on Geomechanics:

Proceedings of the 6th Australia – NZ Conference on Geomechanics $50 $100
Christchurch, February 1992

Proceedings of the 3rd Australia – NZ Conference on Geomechanics $10 $30
Wellington, May 1980

Other Publications:

Proceedings of the 2nd Australia – NZ Young Geotechnical Professionals $25 $40
Conference, Auckland, December 1995

Guidelines for the Field Description of Soils and Rocks in Engineering Use $10 $13

Stability of House Sites and Foundations – Advice to Prospective House 
and Section Owners $1 $1

Back Issues of NZ Geomechanics News (depending on availability) 50c 50c

All prices exclusive of GST

Orders to:
Debbie Fellows
Management Secretary
6 Sylvan Valley Ave
Titirangi
Auckland
dfellows@xtra.co.nz

NEW ZEALAND GEOTECHNICAL SOCIETY INC. PUBLICATIONS
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Advertisement Location Single Issue Advert. Size (mm)  

Black & White
Back Cover $275 210 wide x 297 high 
Inside Cover (Front or Back) $225 210 wide x 297 high  
Full Page Internal $200 185 wide x 265 high  
Half Page Internal $150 90 wide x 265 high

185 wide x 130 high  
Quarter Page Internal $125 90 wide x 130 high  

Colour
Full Page Internal $350 210 wide x 297 high  
A3 Centrefold $650 420 wide x 297 high  

Inserts
Insert to be posted with magazine – $100/flyer
Maximum size single A4 page 
Special price given on request for other types and sizes  

Note
1. All rates exclude GST
2. Space is subject to availability 
3. 3mm bleed
4. Advertiser to provide all flyers  

If you are interested in advertising in the next issue of NZ Geomechanics News please contact:

Management Secretary
Debbie Fellows
6 Sylvan Valley Ave
Titirangi 
Auckland   
Tel: 09 817 7759
Fax: 09 817 7035
Email: dfellows@xtra.co.nz    

ADVERTIS ING

NZ Geomechanics News is published twice a year and distributed to the Society’s 466 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.



Manufacturers of slotted PVC & HDPE pipe

AVAILABLE WITH THREADED OR
SOLVENT JOINTS FOR:
– Environmental monitoring
– Piezometers
– Well screens
– Horizontal drains
– Subsoil (TNZ-F.2)
– Landfill leachate drains

ON SITE PLASTIC PIPELINE WELDING

ALSO AVAILABLE
– Electrofusion welding
– PVC & PE fabrication

FOR FURTHER INFORMATION CONTACT:
Bruce 025 975 873 0r Paul 025 746 791

Extrusion Welding Systems

P.O Box 5315 Hamilton New Zealand 12 Wickham Street  
Phone 07 846 7239 Fax 07 846 7240

Butt Fusion Welding Systems
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S I TUATIONS VACANT
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LAST LAUGH
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