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Mission Statement
The Centre will carry out fundamental and applied research at an internationally recognised standard of
excellence in the areas of the mechanics of seabed sediments, offshore foundations systems, pipeline
and deepwater offshore engineering and geohazards, and use its expertise to service the offshore
petroleum industry at a national and international level.

Research Goals
The principal research aims of the Centre are to identify the key micro-structural response of natural;
seabed sediments and to establish quantitative links between that response and the performance of
foundations systems. The Centre will:
• identify the key mechanisms at a micro-structural level that dictate critical aspects of behaviour,
and quantify that behaviour within numerical models that capture development of damage or
volume collapse under cyclic loading;
• evolve conceptual models for the calculation of foundation performance under monotonic and
cyclic loading, and develop unified finite element treatment of the effects of cyclic loading on
foundation systems – eventually for three dimensional geometries;
• develop coupled fluid-structure-soil models for problems such as scour, pipeline and steel
catenary riser response, and performance of jack-up rigs; and
• establish a design framework for optimising the choice of foundation system, taking account of
risk factors.

Service Goals
To be recognised internationally for provision of advice and specialist modelling services to the offshore
petroleum industry and to provide a core of people with internationally recognised expertise in the area
of offshore foundation systems through PhD programs and post-doctoral training.

Teaching Goals
To provide stimulating atmosphere that will attract the highest quality research students at Honours
and Postgraduate level, to ensure excellent academic and technical support of their studies and to
help develop the specialist offshore consultancy profession in Australia.

Financial Goals
To attract sufficient research funding from industry and research grants, to remain self-sufficient and
to achieve the research, service and teaching goals of the Centre.

Centre for Offshore Foundation Systems
Annual Report 2009
Established under the Australian Research Council’s Research Centres Program
Supported by the State Government of Western Australia
through the Centres of Excellence in Science and Innovation Program

1

www.cofs.uwa.edu.au

2

Contents

Mission Statement and Goals

Inside front cover

Director’s Report

5

Personnel and Organisation

7

Project Teams

8

Industry Links

9

Centrifuge Industry Collaboration

10

International Collaboration

12

Visitors

16

Conferences

21

Seminars

23

COFS Workshops 2009

25

Research Reports

27

Characterisation of Soft Sediments

27

Foundation Piles

30

Shallow Foundations

34

Pipelines

41

Geohazards

50

Mobile Jack-up Drilling Rigs

54

Installation of Subsea Modules

59

Rock Mechanics

62

Social and Awards pages

63

Publications

66

Financial Report

74

3

www.cofs.uwa.edu.au

4

Director’s Report

This is our thirteenth annual report. Fortunately year thirteen was not unlucky,
as is shown in the 2009 COFS highlights presented within.
Of course some facilities are older than COFS itself and
in 2009 the UWA beam centrifuge celebrated its 20th
birthday. A gathering of friends marked the occasion. Former
centrifuge users, industry sponsors and current COFS staff
and students attended a reception at the centrifuge before
we collectively let our hair down at JoJos on the Swan River
(carefully selected photos within!). Love for the centrifuge (or
just a party?) was obvious with colleagues flying many miles
to attend. The impact of the centrifuge facility on both UWA
and the oil and gas industry was highlighted at the reception
by the UWA Vice-Chancellor Professor Alan Robson, current
ISSMGE TC2 Chair Professor Sarah Springman and WA’s
Chief Scientist Professor Lyn Beazley.
The 20th birthday coincided with an increased interest in the
use of our centrifuge facilities for model tests undertaken
directly for industry. Tests were performed in 2009 for the
Gorgon Upstream Joint Venture (two programs), ExxonMobil
and BP. The studies included investigations into pipe-soil
interaction for on-bottom stability design and also to assess
the behaviour of a long engineered free span. Other studies
investigated the behaviour of mudmat foundations with and
without piled support under multi-axial loading and also the
performance of suction embedded plate anchors (SEPLAs)
for long term mooring. Both these programs will be pursued
further in 2010.

Figure 2: Three cheers for the beam!

The icing was placed on the centrifuge birthday cake when
COFS was announced by the ISSMGE Technical Committee
2 as the host of the 8th International Conference in Physical
Modelling in Geotechnics to be held in 2014. We blame the
inexorable enthusiasm of our centrifuge manager Christophe
Gaudin for securing this honour. However, we do look (a long
way) forward to welcoming the physical modelling community
to Perth.

Figure 3: Reminiscing about that test that got away!

Figure 1: UWA Vice-Chancellor wishing the beam centrifuge a
happy 20th birthday.

Figure 4: Beam centrifuge chief technician Don Herley providing
advice for inspiring centrifuge users.
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The COFS soil laboratory was also heavily utilised by the local
and international resource industry. In 2009 characterisation
tests were performed for Yolla, Gorgon, Ichthys, Marlin-B,
Basker Manta Gummy and Wheatstone. This continues
COFS’ record of underpinning Australia’s major offshore gas
developments. Credit is owed to our dedicated laboratory
staff Claire Bearman, Aaron Groves, Ying Guo, Kristin Hunt,
Usha Mani and the leadership of Binaya Bhattarai. With some
sadness for COFS we wished Kristin Hunt well as she left on
her Canadian adventures.
Kok Kuen Lee, An-Jui Li, Han Eng Low and Marc Senders
are all congratulated for successfully completing their PhD
theses. The booming offshore industry continues to snap up
our graduates, with Kok Kuen now working for consultants
Advanced Geomechanics, Han Eng for contractor Benthic
Geotech and Marc Senders for Woodside Energy. An-Jui is
establishing his academic career with the University of Central
Queensland and continues his research collaborations with
both COFS and the University of Newcastle.
Congratulations to Professor David White who was
announced by the Australian Academy of Science as
the 2010 Anton Hales Medal recipient. In honour of the
late Professor Anton L Hales FAA, this medal recognises
“distinguished research in the Earth sciences” by a researcher
under 40 years of age. Congratulations also to Dr Noel
Boylan for being awarded the Quarterly Journal of Engineering
Geology Young Author of the Year award for 2008. His
paper “Peat slope failure in Ireland”, emanating from his PhD
research, was co-authored with Dr Paul Jennings of AGEC,
Ireland and Dr Michael Long of University College, Dublin.
Congratulations also to Assistant Professor Britta Bienen
and Research Associates Dr Noel Boylan and Dr Shazzad
Hossain, our recipients of UWA Research Development
Awards. These competitive grants provide the opportunity
for our early career researchers to establish independent
research themes.

COFS continues to receive significant support for its
fundamental scientific research. We appreciate the
commitment of the Australian Government through the
Australian Research Council (ARC) and the CSIRO Flagship
Collaboration Fund, and the Western Australian Government
through the State Government Centre of Excellence program,
the Major Research Facility grant for WA:ERA and through
MERIWA. The ARC established COFS as a Special Research
Centre for the period 1997 to 2005. However, we are thankful
of their continued support through the ARC Discovery and
Linkage schemes, as well as the Federation Fellowship
(Mark Randolph) and recently announced Future Fellowship
programs (David White and myself).

Figure 6: Thanks to the ARC for their continued support. At the
ARC Future Fellowships launch with the Hon Senator Kim Carr
Minister for Innovation, Industry, Science and Research, ARC CEO
Professor Margaret Sheil, and other Future Fellow recipients.

A major focus of 2010 will be the 2nd International
Symposium on the Frontiers of Offshore Geotechnics.
Already 120 papers have been received and we thank our
colleagues for their obvious enthusiasm. We also appreciate
sponsors who so quickly came on board: Fugro (premium),
Advanced Geomechanics (major), a.p. van den berg, Vryhof
Anchors, RPS Energy, Datgel Data Solutions, Gardline
Marine Sciences, Benthic Geotech, Blue Stone Offshore,
the Danish Geotechnical Institute GEO and Deltares. Thanks
also to our ISFOG chair Susan Gourvenec for steering the
organisational course and for consistently reassuring me that
ISFOG is all set.
All of us at COFS look forward to hosting you at ISFOG in
November. It will be warm – bring your beach towel and
swimmers – and see you soon in Perth!
Mark Cassidy
Director, Centre for Offshore Foundation Systems
ARC Future Fellow

Figure 5: Minister for Innovation, Industry, Science and Research,
the Hon Senator Kim Carr, UWA Pro Vice Chancellor (Research
Initiatives) Professor Alistar Robertson and COFS Director Mark
Cassidy at the ARC Future Fellowship launch.
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Personnel and Organisation

Director and
Deputy Director

Management Committee

Technical Support

Senior Engineer (Soils)

Centrifuge Manager

Chief Technicians (Centrifuge)
Senior Technician (Workshop)

Senior Technicians (Soils)
Technicians (Soils)
Senior Technician (General)

Chief Technician (Electronic)

Administrative Officer
Accounts Officer

Senior Technicians (Electronic)
Technician (Electronic)

Seabed Sediments
Research Team

Management Committee:

Business Manager

Foundation Design
Research Team

IT Support

Administrative Assistant
Project Assistant

Fluid-Structure-Soil
Interaction Research Team

The Management Committee is chaired by the Director and membership consists of the Deputy
Director, Business Manager, ARC Federation Fellow, Centrifuge Manager, senior academics
in COFS and a senior academic in the Geomechanics discipline within the School of Civil and
Resource Engineering. The terms of reference of the Management Committee are:
(1) to formulate long term strategies;
(2) to review the progress of scientific objectives; and
(3) to maintain budgetary targets.

Staff
Director
Deputy Director
Federation Fellow
Business Manager
Accounts Officer
Project Assistant
Administrative Officer
Administrative Assistant
Research Associates

Assistant Professors

Professor Mark Cassidy
Professor Martin Fahey
Professor Mark Randolph
Ms Lisa Melvin
Mr Ivan Kenny
Ms Michelle Harman
Ms Stephanie Boroughs
Mrs Monica Mackman
Mrs Eileen Rowles
Dr Noel Boylan
Mr Matthew Hodder
Dr Shazzad Hossain
Dr Yinghui Tian
Dr Long Yu
Dr Zhipeng Zang
Dr Hongjie Zhou
Dr Hongxia Zhu
Dr Britta Bienen
Dr Nathalie Boukpeti
Mr James Hengesh
Dr Mehrdad Kimiaei
Dr Tejas Sreenivasa Murthy
Dr Dong Wang
Dr Ming Zhao

Associate Professor
Associate Professor/
Centrifuge Manager
Professorial Fellows
IT Manager
Systems Administrator
Computing Officer
Senior Engineer
Senior Technician (Soils)
Technicians (Soils)

Senior Technician (General)
Chief Technician (Electronic)
Senior Technicians (Electronic)
Technician (Electronic)
Chief Technician (Beam Centrifuge)
Chief Technician (Drum Centrifuge)
Senior Technician (Workshop)
Administrative Assistant (Workshop)

Dr Susan Gourvenec
Dr Christophe Gaudin
Professor Boris Tarasov
Professor David White
Dr Wenge Liu
Mr Keith Russell
Mr Stephen Barwick
Mr Binaya Bhattarai
Mrs Claire Bearman
Ms Kristin Hunt
Mr Aaron Groves
Ms Ying Guo
Ms Usha Mani
Mr Alex Duff
Mr John Breen
Mr Shane De Catania
Mr Phil Hortin
Ms Khin Seint
Mr Don Herley
Mr Bart Thompson
Mr David Jones
Ms Shae Harris
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Project Teams

Seabed Characterisation

Fluid-Structure Interaction

Foundation Design

Research staff

Research staff

Research staff

Martin Fahey

Mark Cassidy

Mark Randolph

Mark Randolph

Liang Cheng

Martin Fahey

Boris Tarasov

Mark Randolph

David White

Nathalie Boukpeti

David White

Christophe Gaudin

James Hengesh

Yuxia Hu

Susan Gourvenec

Noel Boylan

Mehrdad Kimiaei

Britta Bienen

Britta Bienen

Nathalie Boukpeti

Research students

Shazzad Hossain

James Hengesh

Han Eng Low

Yinghui Tian

Tejas Sreenivasa Murthy

Hamed Mahmoodzadeh Poornaki

Long Yu

Dong Wang
Noel Boylan

Zachary Westgate
Research students

Shazzad Hossain

Final year students

Shivananjegowda Shivanna Gowda

Hongjie Zhou

James Keane

Matthew Hodder

Hongxia Zhu

Xu Jiajing
Kedar Kale

Research students

Ganesh Kalidasan

Hugo Acosta-Martinez

Kok Kuen Lee

Santiram Chatterjee

Chengcai Luo

Indranil Guha

Mark Mithran

Vickie Kong

Siti Fatin Mohd Razali

An-Jui Li

Marc Senders

Amin Rismanchian

Hodjat Shiri

Fauzan Sahdi

Hemlata Wadhwa

Divya Salliyil

Di Wu

Harikumar Shankunni

Zhihui Ye

Shinji Taenaka

He Yu

Yue Yan

Bassem Youssef
Youhu Zhang

Final year students
Michael Donovan

Final Year students

Nathaniel McNabb

Russell Ali

Yvette Saunier

Reece Baker

Mark Simkin

Derek Cheung
Arjun Kumar
Chad Ramadan
Glynn Simpson
Ivan Ting
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Industry Links

Acergy
A collaboration with Acergy examining the as-laid
embedment of on-bottom pipelines was completed in 2009.
Zachary Westgate, David White and Mark Randolph backanalysed field data and performed numerical simulations of
pipelaying, in collaboration with Paul Brunning. Paul visited
COFS several times over the year, providing a valuable
industry viewpoint to support our research.

SAFEBUCK, BP, Fugro and NGI –
deepwater pipe-soil interaction
David White continued to work with Johnny Cheuk
(AECOM, formerly Hong Kong University) and David Bruton
(AtkinsBoreas), as the second phase of the SAFEBUCK JIP
was wrapped up and the third phase was rolled out. The
SAFEBUCK guideline was updated, and a review of pipe-soil
model test data was completed, to provide new models for
assessing pipe-soil interaction forces during lateral buckling.
Two papers describing an application of the techniques for
assessing pipe-soil interaction that have been promoted by
the SAFEBUCK guideline were presented at conferences
in Perth and Houston. These papers were based on case
studies involving collaboration between David White at COFS
and colleagues at BP (Andy Hill), Fugro (Jean-Francois
Wintgens) and NGI (Tom Langford), as well as David Bruton
(AtkinsBoreas). The studies combined centrifuge model test
data (from COFS), large-scale model tests (conducted at
NGI) and in situ tests performed at the seabed using Fugro’s
SMARTPIPE.

Figure 7: Paul Brunning educating us about pipelines.

InSafeJIP
In 2009, the First Year Report of the “InSafeJIP”, a Joint
Industry Project with widespread industry support from 19
international oil and gas companies and safety regulators
in the jack-up industry, was delivered. Project analyst and
regular COFS visitor Kar Lu Teh worked with Mark Cassidy,
Mark Randolph and Britta Bienen at COFS as well as
Guy Houlsby at Oxford University and Colin Leung at the
National University of Singapore (NUS) in reporting on the
benchmarking of the latest research on jack-up installation
and extraction of jack-up platforms against the offshore data
sets provided by the project participants. The approaches
taken in the analysis of soil investigation data, derivation of
design soil strength profiles, bearing capacity prediction as
well as procedures for jack-up installation and extraction
were further presented at the annual Offshore Technology
Conference in Houston. The InSafeJIP project team is
currently finalising the “Improved Guidelines for the Prediction
of Geotechnical Performance of Spudcan Foundations during
Installation and Removal of Jack-up Units”, to be delivered in
May 2010.
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Centrifuge Industry Collaboration

Centrifuge collaboration with industry has remained steady
in 2009, with four projects initiated (two completed) and four
more expected for 2010. These projects strengthened our
relationship with existing partner Advanced Geomechanics
and gave COFS the opportunity to welcome two new industry
partners, ExxonMobil and BP America.
Among these four projects, two were related to pipelinesoil interaction for the Gorgon development on the North
West Shelf of Australia. With projects conducted on Pluto,
Jansz, and the coming projects on Wheatstone, Ichthys, and
Browse, the COFS centrifuge is involved in all the major oil
and gas developments offshore Western Australia. Centrifuge
testing of dynamic lay effects, lateral buckling and storm
loading has now become current practice in designing
pipelines, both for flowlines and trunklines.
The expertise developed by the centrifuge technical team,
notably in data acquisition and motion control systems
following the recent developments undertaken by John Breen,
Shane De Catania and Tuarn Brown, has put COFS in the
forefront of centrifuge technology, attracting requests for
assistance from overseas facilities. COFS is currently providing
technical support to Dalian University of Technology (China),
Sligo Institute of Technology (Ireland) and the University
of New South Wales to establish new centrifuge facilities.
The technical support includes the supply of devices and
apparatus developed and manufactured at COFS, but also
on-site assistance. In 2009 John Breen visited Sligo Institute
of Technology to implement the new WDAS which was
developed at COFS during 2008-2009. John Breen and Tuarn
Brown visited Dalian University of Technology in 2009 to assist
the local technical team to establish a new drum centrifuge.
Further technical assistance is expected in the coming years,
in the wake of more developments to come and of scientific
and technologic publications now produced by the technical
team. In regards to publications, the full centrifuge technical
team will travel in 2010 to Zurich for the 7th International
Conference in Physical Modelling in Geotechnics to present
two papers during the academic sessions and perform six oral
presentations during the technician sessions. This highlights,
once again, the leading expertise developed by the team.
The collaboration with industry is perceived as essential for
the centrifuge group at COFS and currently represents about
50% of centrifuge activity. It provides invaluable insight into
the current practice and needs of industry, triggers new
technical developments, enhances the capabilities of the
facility, and fuels academic research with new ideas and
concepts in areas such as pipeline, anchor, spudcan and
shallow foundations. As the centrifuge celebrated its 20 years
of activity in 2009, the centrifuge team would like to take this
opportunity to thank all the industry partners involved with
COFS over the last twenty years for their support and their
collaboration.
10

Validation of SEPLA for permanent
mooring
A series of centrifuge tests were commissioned by
ExxonMobil to validate the use of suction embedded plate
anchors for permanent mooring. This project, lead by
Christophe Gaudin, Mark Randolph and Mark Cassidy,
assisted by Dong Wang and Yinghui Tian, involves a
comprehensive series of centrifuge tests, using both the
beam and the drum centrifuge. The aim of the centrifuge
tests is to provide insight and performance data on (i) the
anchor keying, (ii) the anchor performance under sustained
loading, and (iii) the anchor performance under cyclic loading.
These data were subsequently used to develop and calibrate
numerical and analytical models to be used as predictive
tools by ExxonMobil.
The anchor models represented a significant challenge for
the technical team, with the necessity to model accurately
the keying flap of the anchor and the associated hinge offset
(Figure 8), which were believed at the time to be pivotal in the
keying mechanism. The challenge was successfully overcome
thanks to the skills and dedication of Dave Jones and Phil
Hortin.
A total of 12 tests were performed in November and
December 2009, in both the beam and the drum centrifuge,
operated by Don Herley and Bart Thompson, respectively.
The remainder of the project is expected to be completed
by Q2 2010. The most significant outcome of the first
series of tests was the insight from PIV analysis of drum
centrifuge tests of the mechanisms governing the keying
mechanism and the behaviour of the keying. This behaviour
was subsequently confirmed by both plasticity analysis and
numerical analysis and will impact on the design of future
anchors.
Anchor performance during sustained loading and cyclic
loading will be investigated during Q1 2010.

Figure 8: Model suction embedded plate anchor.

Performance of a Hybrid Subsea
Foundation – BP America
BP America commissioned a centrifuge program to
investigate the response of a ‘Hybrid Subsea Foundation’
(a shallow foundation in normally consolidated clay with
piles inserted in the corners) to various loading conditions.
The loading conditions include vertical load from the self
weight, sliding loads in both horizontal directions, overturning
loads resulting from the sliding load being applied above
the foundation level, and a torsional load from the resultant
horizontal load being offset from the centre of the foundation
(Figure 9). This kind of testing requires the application of loads
and monitoring displacements in six degrees of freedom.
The project was lead by Christophe Gaudin and Mark
Randolph, with the assistance of Dave Jones, Phil Hortin,
John Breen and Don Herley.

The first series of tests investigated the performance of
the hybrid subsea foundation without piles in each corner
and provided insight into the dominant mode of failure. The
second series of tests featured the hybrid subsea foundation
with piles at each corner which were installed in-flight in
order to replicate in-situ conditions. The results highlighted
the evident increase in performance, but also the change
in failure mode resulting from the contribution of the piles,
notably in the overturning resistance.
Further tests will take place in the first few months of 2010,
with the final outcomes of the project expecting to assist
BP America in calibrating analytical solutions to design
economical and efficient hybrid subsea foundations.

Figure 9: Hybrid subsea foundation subjected to combined vertical, horizontal, overturning and torsional loads.
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International Collaboration

Total, Paris, France
Mark Randolph was invited by Hedi Dendani to spend a
period of four weeks on a research secondment at the offices
of Total in ‘La Défense’ area to the east of Paris. During
this time he was involved in discussions on several different
projects, ranging across: geohazard research studies for a
field offshore Nigeria, with complexities of mass transport
events, severe faulting, gas hydrates in the soil column and
numerous surficial expressions of gas expulsion; guidelines
within Total for pipeline design in deep water soft sediments;
and characterising the shear behaviour of heavily over
consolidated clays for an oil shale project in Alberta, Canada.
He was welcomed into a very friendly team that combined
geophysical, geotechnical, GIS and metocean expertise,
not to mention aggressive pétanque skills. He worked in
particular with Hedi Dendani, David Colliard, Alice Roux,
Jean-Louis Colliat and Stephan Unterseh.

Keppel Offshore and Marine
Technology (KOMtech), Singapore

International Centre for Mechanical
Sciences (CISM), Udine, Italy
In June, Mark Randolph participated in an international
course on cyclic loading of soils and foundation systems,
held at the International Centre for Mechanical Sciences
(CISM) at Udine in the north-east of Italy. The course was
organised by Claudio di Prisco (Italy) and David Muir Wood
(UK), with six lecturers giving half a dozen lectures each
over the course of a week. Other lecturers included Theodor
Triantafillidis (Germany), Hans Hermann (Switzerland)
and Manolo Pastor (Spain). The attendees were young
researchers (pre- and post-doctoral) from a dozen or so
different countries in Europe. The lectures were held in the
historic Palazzo Mangilli-Del Torso (Figure 10), which dates
from the 15th century, and which is an excellent example
of the ability of buildings to withstand cyclic loading – even
though some parts have fared better than others through the
centuries.

Figure 10: Ceiling at Palazzo Mangilli-Del Torso.
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Figure 11: Shazzad in front of a semi-submersible.

Shazzad Hossain and Mark Randolph were invited by Keppel
Offshore and Marine Technology (KOMtech), Singapore for a
full-day meeting on jack-up installation in multi-layered soils
in November 2009. The meeting was attended by Charles
Foo, Matthew Quah, Okky Purwana, Julianto Cahyadi, Henry
Krishdani and others from the host and Paul Handidjaja
from Braemar Falconer. Mark Randolph highlighted recent
progress at COFS. Julianto Cahyadi shared his on-board
experience during jack-up installation and Henry Krishdani
talked about their in-house software developments. Paul
Handidjaja commented on current industry practice and
there was general discussion of how to improve the ability to
predict spudcan penetration more reliably. Shazzad Hossain
stayed with KOMtech for the subsequent three weeks,
working closely with Henry and Okky on ‘yet to be solved
bearing capacity issues’. He concluded the secondment
with a site visit, touring through the dockyard, and having
the opportunity to observe spudcans and jack-up rigs under
fabrication (see Figure 11). He also delivered a general
presentation on on-going research at COFS and summarised
the outcomes of the COFS-KOMtech collaborative work. This
pilot work has formed the genesis of a more encompassing
long term collaborative research plan that is in the process of
being implemented.

Orcina Ltd, UK
COFS continued their collaboration with Orcina Ltd from
the UK is for the implementation of a non-linear soil model
developed by Mark Randolph into their offshore modelling
software OrcaFlex. A paper describing the soil model was
presented by Mark and co-author Peter Quiggin, one of
Orcina’s founders, at the 2009 Offshore Mechanics and Arctic
Engineering conference in Honolulu. September of this year
marked Orcina’s Perth stopover of their annual OrcaFlex User
Group Meeting world tour, held at the Convention Centre.
David White and Zachary Westgate (filling in for Mark who
was still enjoying his secondment in La Ville-Lumière – The
City of Light) presented to the group the latest activities
related to pipe-soil interaction at COFS as well as a specific

OrcaFlex application for pipeline sleeper crossings to show
off how useful the non-linear soil model can be (Figure 12).
Representatives from Orcina were Colin Blundell and Colin
Lewis, and special thanks goes to Colin Blundell for spending
his last day (and night) in Perth assisting Zack in creating a
model in OrcaFlex to realistically capture the dynamic pipe lay
process.
Randolph, M.F. and Quiggin, P. (2009). “Non-linear hysteretic
seabed model for catenary pipeline contact”. Proc 28th Int.
Conf. Offshore Mechanics and Arctic Engineering, OMAE
2009, Honolulu, Paper OMAE2009-79259.

Figure 12: Sleeper crossing pipe lay model in OrcaFlex showing variation in vertical pipe-soil contact force and embedment
from the non-linear soil model.
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Hamburg University of Technology
(TUHH)

Laboratoire Central des Ponts et
Chaussées (LCPC), Nantes, France
Christophe Gaudin went back to his former institution and
supervisor, Jacques Garnier, for sabbatical leave, from July
to October 2009. He assisted the LCPC centrifuge team in
establishing a T-bar penetration apparatus for their massive
5.5 m diameter beam centrifuge (Figure 14) and undertook an
experimental program to investigate strength and sensitivity of
kaolin and Gulf of Angola clay, notably focusing on the effect
of water entrainment on strength degradation. Christophe
was joined for a week by COFS Director Mark Cassidy
who enjoyed both some collaborative work with our French
colleagues and the delicacies of French cuisine.

Figure 13: Jan and Britta with the UWA Beam centrifuge.

A new international collaboration with Hamburg University of
Technology (TUHH), Germany between Britta Bienen, David
White and Mark Randolph from COFS, and Jan Dührkop
and Jürgen Grabe from TUHH, was initiated to carry out
centrifuge tests on laterally loaded piles with wings (Figure
13). Reciprocal visits in 2009 by Jan Dührkop, Britta Bienen
and Jürgen Grabe were supported by the Group of Eight
Australia – Germany Joint Research Co-Operation Scheme.
Dührkop, J., Grabe, J., Bienen, B., White, D.J., Randolph,
M.F. (2010). “Centrifuge experiments on laterally loaded piles
with wings”. Proc. 7th Int. Conf. on Physical Modelling in
Geotechnics (ICPMG), Zurich, Switzerland.
Figure 14: From left to right, Christophe Gaudin, Mark Cassidy,
Jacques Garnier and Gerard Rault in front of the massive LCPC
beam centrifuge.
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International TC2 Workshop on
Centrifuge Modelling, Tongji
University, China
David White and Christophe Gaudin attended an International
Workshop on Centrifuge Modelling held at Tongji University,
Shanghai in November 2009. They participated in a oneday Master class on centrifuge modelling, organised by
the ISSMGE Technical Committee 2 (Physical Modelling in
Geotechnics (Figure 15)). The other speakers were Malcolm
Bolton (Cambridge University, UK), Sarah Springman
(TC2 Chair, ETH, Zurich, Switzerland) and Lee Fouk-Hou
(National University of Singapore). The purpose of the
workshop was to provide training and support to the large
network of centrifuge modelling facilities that are blossoming
throughout China. They were hosted by recent COFS
academic visitor Chenrong Zhang, who took them on a
cultural tour following the event.

The GeoForschungsZentrum (GFZ),
Potsdam, Germany, and
The Institute of Physics of the Earth
(Russian Academy of Science),
Moscow, Russia
Boris Tarasov was invited by these two research centres
to give lectures about paradoxical concepts in rock
mechanics (‘negative friction’ and rock super brittleness at
highly confined conditions) developed on the basis of new
experimental results obtained in the COFS rock mechanics
laboratory. The new concepts allow looking at the nature of
dynamic rocks failure at great depth from an untraditional
point of view and explaining a number of paradoxes
associated with earthquakes and shear rupture rockbursts.
The presentations induced very intensive and interesting
discussions.
Boris spent a week (May 2009) with the GFZ participating
in laboratory experiments directed at a more detailed study
of the new concepts. German colleagues invited Boris to
visit the GFZ again this year (June 2010) to continue the
collaborative work.

Figure 15: Panel discussion, (left to right) Malcolm Bolton, David
White, Sarah Springman, Christophe Gaudin.
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Visitors

Anthony Blake
May – July 2009
Institute of Technology Sligo, Ireland
Anthony worked with Christophe Gaudin on centrifuge modelling of dynamically embedded
plate anchors.

Muniram (Muni) Budhu
October – December 2009
Arizona Geohazards Research Centre, USA
Muni worked with Martin Fahey and Andy Fourie (School of Civil & Resource Engineering) and
had discussions with Mark Randolph in the area of measuring and modelling viscous behaviour
in soils.

Rong Chen
September 2009 – October 2010
Dalian University of Technology, China
Rong is working with Christophe Gaudin and Mark Cassidy on the uplift capacity of mudmats
at a variety of load eccentricities and velocities. He will be conducting geotechnical drum
centrifuge tests in May 2010, gaining experience for future use of Dalian’s new centrifuge.

ShiaoHuey Chow
October 2009
University of Sydney, Australia
ShiaoHuey was here for a week to tour our facilities and had discussions with people involved
with Mark Randolph and others involved with research into dynamic penetration and rate
effects in clay.

Xue Dong
November 2009 – February 2010
UWA student
Xue was awarded a COFS Vacation Scholarship and worked with Shazzad Hossain on
experimental investigation of perforation drilling in multi-layered soils.
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Jan Dührkop
April – March 2009
Technical University of Hamburg, Germany
Jan worked with Britta Bienen, David White and Mark Randolph under the Group of Eight
Australia – Germany Joint Research Co-Operation Scheme on the project ‘Use of winged piles
to optimise the foundations for offshore energy production’.

Gemma Escuriale
December 2009 – February 2010
James Cook University, Queensland
Gemma was awarded a COFS Vacation Scholarship and worked with Nathalie Boukpeti on
experimental characterisation of the strength of a carbonate mud at the solid-fluid transition.

Jürgen Grabe
October 2009
University of Technology, Germany
Jürgen worked with Britta Bienen, Mark Randolph and David White under the Group of Eight
Australia – Germany Joint Research Co-Operation Scheme on the project ‘Use of winged piles
to optimise the foundations for offshore energy production’.

Tanvirul Islam
December 2009 – December 2010
Bangladesh
Tanvirul worked with Shazzad Hossain and Mark Randolph on investigating undrained vertical
penetration of spudcan foundations in multi-layered soils.

Melissa Landon
March 2009
Melissa followed up on her visit with us from last year by continuing research with Mark
Cassidy and Christophe Gaudin into the re-installation of a jack-up near a pre-existing
footprint.
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Harry Lynch
December 2008 – February 2009
James Cook University, Australia
Harry was awarded a COFS Vacation Scholarship and worked with Britta Bienen as his
supervisor on the numerical and physical modelling of the load-displacement behaviour of
shallow foundations in the context of jack-up structures.

Mohammad Mahdi Memarpour
April 2009 – July 2010
Iran University of Science and Technology, Iran
Mohammad is working with Mehrdad Kimiaei on research into the ultimate strength estimation
of offshore jacket structures using dynamic pushover analysis under extreme wave loads.

Dana Peck
September – December 2009
Northeastern University, USA
Dana worked with Noel Boylan on the centrifuge modelling of submarine slides in the drum
centrifuge. Dana assisted with testing in the drum and also developed a program from
interpreting laser data captured in centrifuge tests.

An-Jui Li
October 2009 – February 2010
Central Queensland University, Australia
An-Jui is a former PhD student of COFS. He returned for a mini-sabbatical to work with
Mark Cassidy on the reliability analysis of rock slope failures. He, Mark and Richard Merified
(Newcastle University) are writing a paper on the reliability evaluation of rock slopes based on
the Hoek-Brown failure criterion, an extension of Li’s PhD.
Junhwan Lee
March 2009 – March 2010
Yonsei University, Japan
Junhwan is working with Mark Randolph on the relationship between cone and spudcan
penetration resistance, developing formal relationships to allow for differences in size, strain
rate and consolidation response.
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Renard Siew
December 2008 – January 2009
University of New South Wales, Australia
Renard was awarded a COFS Vacation Scholarship and worked with Nathalie Boukpeti as his
supervisor on an experimental study of the influence of water content on the shear strength of
kaolin.

Motoyuki Suzuki
June 2008 – March 2009
Yamaguchi University, Japan
Motoyuki was awarded a UWA Gledden Senior Visiting Fellowship and worked with Mark
Randolph investigating the remoulding properties of clay.

Hamed Mahmoodzadeh Poornaki
January – July 2009
Iran
Hamed worked with Noel Boylan, Mark Randolph and Mark Cassidy on the interpretation
of partially drained piezoball tests and its application in the design of spudcan foundations.
Hamed was awarded a scholarship and enrolled as a PhD student at UWA in July 2009.

Giada Rotisciani
February – July 2009
Sapienza Università di Roma, Italy
Giada worked with Mark Randolph and Christophe Gaudin on the behaviour of suction
caissons installed in sand under vertical and cyclic loading, using the model Severn Trent that
she has been implementing in FLAC.

Donghee Seo
6th November 2007 – 31st January 2009
Donghee worked with David White and Mark Randolph to conduct research on behaviour of
seabed pipelines on soft clay.
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Kar Lu Teh
February – March 2009 and August – September 2009
National University of Singapore, Singapore
Kar Lu (on her 5th and 6th visits to COFS) worked with Mark Cassidy, Mark Randolph, Britta
Bienen and Shazzad Hossain on the InSafe JIP project.

Jonathan Thibault
September – December 2009
Northeastern University, USA
Jonathan worked with Noel Boylan and David White on the behaviour of pipelines and
submarine slides. He helped analyse a series of centrifuge tests and developed a simple
program to study the end expansions of pipelines laid on soil with rate-dependent axial friction.

Teng Wang
June 2009 – May 2010
China University of Petroleum, China
Professor Wang worked with Christophe Gaudin, Mark Randolph and Dong Wang on the
Discovery Project, ‘Follower embedded plate anchors to underpin economic development in
ultra deep water’.

Chenrong Zhang
September 2008 – September 2009
Tongji University, China
Chenrong worked with Mark Randolph and David White on a research project related to the
cyclic lateral response of piles in soft clay.

Youhu Zhang
February 2009 – December 2009
China
Youhu worked with Britta Bienen and Mark Cassidy on jack-up units on soft clay sites. The
focus of this research is to investigate the effect of deep footing penetration on the combined
vertical, horizontal and moment capacity. Youku was awarded a scholarship and enrolled as a
PhD student in December 2009.
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Conferences

The 17th International Conference
on Soil Mechanics and Geotechnical
Engineering (ICSMGE)
ICSMGE arrived on the shore of the Mediterranean Sea,
Alexandria, to feel Farao’s history, walking (Suez Canal is not
too wide) over four years time from Osaka, Japan. This is
the largest geotechnical conference and is organised by the
ISSMGE. Yuxia Hu, James Doherty and Shazzad Hossain
attended the conference in October 2009 (Figure 16). Five
papers involving COFS authors (Mark Randolph, David
White, Christophe Gaudin, Susie Gourvenec and Shazzad
Hossain) and the School of Civil and Resource Engineering
authors (Yuxia Hu and James Doherty) are included in the
proceedings. In the technical sessions, a 4-minute time was
offered to deliver a 4-page paper and Shazzad Hossain
talked on “bearing behaviour of shallow foundations on clays
– offshore and onshore, research and practice” and Yuxia
Hu on “plate anchor keying under inclined pullout in clay:
observation and estimation”. The conference was a platform
to come across a number of world-renowned geotechnical
academics and engineers e.g. Michele Jamiolkowski
(although that didn’t prevent attendees from visiting the
pyramids and the Sphinx). The conference was also attended
by Jason DeJong (currently visiting COFS), Sarah Springman,
Colin Leung and Cheng Ti (2008 visitor).

Figure 17: Shazzad Hossain and Michele Jamiolkowski at 17th
ICSMGE.

The Nineteenth (2009)
International Offshore (Ocean)
and Polar Engineering Conference
(ISOPE-2009), Osaka, Japan
The annual conference of the International Society for
Offshore and Polar Engineering was held in Osaka, Japan.
Four papers involving authors from COFS and one paper coauthored from the School and Civil and Resource Engineering
were presented in the technical sessions. Christophe Gaudin,
member of the ISOPE Technical Committee, and Yinghui Tian
attended the conference and presented their papers. The
topics covered problems related with plate anchor keying,
pipeline protection, jetted spudcan extraction, pipe-soil
interaction modeling, and fluid dynamic analysis.

Figure 16: Shazzad Hossain, Yuxia Hu and James Doherty at the
17th ICSMGE.
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12th International Conference.
The Jack-Up Platform Design,
Construction & Operation,
London, United Kingdom
The 12th Jack-Up Conference was held in London during
September 2009, bringing together academia and industry.
Britta Bienen presented recent findings on water-jetting
assisted extraction of jack-up spudcan footings from soft
clay soils.

Caicedo followed on behalf of Uni de Los Andes, and then
received questions. Based on the set criteria as hints to
aid decision making, TC2 members excluding the Chair
voted (through secret ballot). COFS received eight votes
and University de Los Andes three. Consequently, physical
modellers please get ready to mingle at our beautiful
UWA campus, Matilda Bay, Rottnest Island and in Perth.
Christophe Gaudin and David White will be rolling as the
Chair and Secretary of the Conference, respectively. It was
noted by the Chair that “Shazzad has a career as a salesman
if he ever wishes!” (Figure 19).

Following the conference, Britta Bienen and regular COFS
visitor Kar Lu Teh participated in a progress meeting for the
Joint Industry Project (JIP) “InSafe”. The project develops
improved guidelines for the installation and extraction of
jack-up platforms. With widespread industry support from
19 international oil and gas companies and safety regulators,
the project brings together the expertise of three universities:
COFS at UWA, Oxford University and the National University
of Singapore (NUS).

Society for Underwater Technology
Perth, Annual Subsea Technology
Conference, Perth, Australia
David White attended the inaugural SUT Conference on
Subsea Technology, held in Perth in February 2009. He
presented a paper entitled “Pipe-soil interaction testing for
a deep water project on soft clay”, co-authored with David
Bruton (AtkinsBoreas), Tom Langford (NGI) and Andy Hill
(BP). The paper described three complementary programs of
pipe-soil testing performed for a future BP project: centrifuge
modelling at COFS, large-scale testing at NGI and in situ
tests using the Fugro SMARTPIPE at the seabed in >1000 m
of water.

Figure 18: Shazzad Hossain in action presenting the bid on behalf
of COFS.

8th International Conference on
Physical Modelling in Geotechnics
(ICPMG), Perth, Australia
On 8 October 2009, COFS won the opportunity to host in
Perth the 8th International Conference on Physical Modelling
in Geotechnics (ICPMG) in 2014. A TC2 meeting, under the
auspice of the ISSMGE, was organised between technical
sessions of the 17th ICSMGE conference, offering the
opportunity for two willing universities, UWA and University
of Los Andes (Colombia), to present their bids. Sarah
Springman, the Chair of the TC2 on Physical Modelling
in Geotechnics, steered the meeting, which had over 20
participants including 12 TC2 members. Shazzad Hossain
made a very convincing presentation (Figure 18) on behalf
of COFS, and answered questions afterwards. Bernardo
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Figure 19: Sarah Springman congratulating Shazzad after winning
the 8th ICPMG bid.

Seminars

24 April 2009

22 May 2009

31 July 2009

A/Prof Junhwan Lee
Yonsei University, Korea

Kok Kuen Lee
PhD student, UWA

Professor Teng Wang
China University of Petroleum, China

Estimation of undrained shear strength
for clays using CPT results

Investigation of potential spudcan
punch-through failure on sand overlying
clay soils

Vertical and lateral capacity of jetting
structural casing in deepwater
environment

27 May 2009

7 August 2009

Dr Derek Scales
School of Civil & Resource Engineering,
UWA

Dr Tarrant Elkington
School of Civil & Resource Engineering,
UWA

Acceleration of 2D boundary element
analysis for elasto-static problems

Optimisation in underground mine
design

Claire Heaney
School of Civil & Resource Engineering,
UWA

14 August 2009

29 April 2009
Prof Atsuki Lizuka
Kobe University, Japan
Numerical geoenvironmental approach
to desertification due to salt damage

1 May 2009
Dr Ming Zhao
Civil & Resource Engineering, UWA
Three-dimensional numerical simulation
of local scour around sub-sea
structures

Dr Long Yu
COFS, UWA
Spudcan penetration in loose sand
over uniform clay

A hybrid meshless/scaled boundary
method for problems in geomechanics

29 May 2009
Ying Wang
PhD Student, UWA

Indranil Guha
PhD Student, UWA
Earthquake effects on buried pipelines

Dr Nathalie Boukpeti
COFS, UWA
Strength of fine-grained soils at the
solid-fluid transition

Integrated health monitoring using
vibration and wave propagation data

8 May 2009
Hongwei An
PhD student, UWA
Numerical calculation of hydrodynamic
force on pipelines partially buried in
permeable seabed

21 August 2009
24 July 2009

Dr Noel Boylan
COFS, UWA

Dr Hang Thu Vu
School of Civil & Resource Engineering,
UWA

Centrifuge modelling of submarine
slides

Efficient use of material for steel plated
pontoon

20 May 2009
Dr Jan Dührkop
Technical University Hamburg,
Germany
Pile foundations for offshore wind
turbines

Dr Dong Wang
COFS, UWA

Zachary Westgate
PhD Student, UWA
Modelling the installation of stiffened
caissons in overconsolidated clay

Dynamic embedment during pipe
laying on soft clay
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28 August 2009

25 September 2009

Xiaosong (Peter) Zhu
PhD student, UWA

Dr James Doherty
School of Civil and Resource
Engineering, UWA

Application of parallel computing on
Graphics Processing Unit (GPU)

Yifei Hao
Masters student, UWA
Numerical analysis of lateral inertial
confinement on concrete dynamic
material properties in impact tests

Evaluating soil parameters using
numerical optimisation

Muhammad Alam
PhD Student, UWA
Study of 3-D vortex shedding flow and
local scour in the vicinity of pipelines
employing Lattice Boltzmann Method

3 September 2009
Professor Paul Slatter
RMIT, Australia
The laminar/turbulent transition for pipe
flow of visco-plastic fluids

4 September 2009

9 October 2009
Professor Jürgen Grabe
Technical University Hamburg,
Germany
Influence of pile installation on
the surrounding soil and adjacent
structures

Professor Sarah Springman
Swiss Federal Institute of Technology
(ETH), Switzerland

16 October 2009

On making the earth move!

David Yong
PhD student, UWA

18 September 2009
Professor Yuxia Hu
School of Civil & Resource Engineering,
UWA
Installation and extraction processes
of spudcan foundation in clays –
numerical simulation

Utilisation of octomorphic blocks as
segmental block pavement

23 October 2009
Gima Mathew
PhD student, UWA
Numerical study on the effect of twin
tunnel at Perth CBD

23 September 2009
Dr David Toll
University of Durham, UK
Sharing geo-engineering data through
the world wide web
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11 November 2009
Li Haitao
Tongji University, Shanghai, China
Experimental study on Bondanchorage properties of 500MPa
reinforcement steels in concrete

COFS Workshops 2009

The annual research workshop was held on the 3rd and
4th of December, 2009. The COFS workshop is an informal
in-house conference that allows every researcher and visitor
in the group to present their recent activities, latest findings
and innovative thoughts as well as to participate in group
discussions and social events. The recent fruitful collaboration
with the University of Newcastle resulted in the attendance of
a bunch of people from that territory. We were fortunate that
three enlightening talks were delivered by A/Prof. A.V. Lyamin
and A/Prof. K. Krabbenhoft from the University of Newcastle,
Australia as well as Prof. M. Budhu from the University of
Arizona, USA. In this workshop, for the first time, a new
session was included involving Technicians to elucidate strain
gauging, centrifuge modelling and model fabrication. The
total number of participants was around 40.
Over the two day workshop, 23 presentations were delivered.
They were divided by five sessions, covering the topics of:

Figure 21: Presentation by Amin Rismanchian.

• Shallow foundations;
• Numerical method;
• Anchors, piles, risers and pipelines;
• Lab and workshop; and
• Soil characterisation.
The workshop concluded with the COFS annual dinner,
allowing all participants to relax, catch up and look forward to
2010!

Figure 22: Presentation by Philip Hortin.

Figure 20: Audience members.

Figure 23: Presentation by Shane De Catania.
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Figure 24: Presentation by Noel Boylan.

Figure 25: Presentation by James V. Hengesh.

Figure 26: Presentation by Andre Lyamin, University of
Newcastle.

Figure 27: Presentation by Kristian Krabbenhoft.

Figure 28: Presentation by Yue Yan.

Figure 29: Presentation by Long Yu.
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Research Reports

Characterisation of Soft Sediments
The methods developed at COFS to characterise the
behaviour of soft sediments have been extended and refined.
These methods are based mainly on the T-bar (Figure 30)
and Ball penetrometers, which are used to determine the
undrained shear strength of very soft sediments, as well as
the effects of remoulding and strain rate on shear strength.
Extension of these methods includes quantifying and
analysing consolidation effects by variable rate penetration
tests and by measuring the pore pressure during penetration.
In addition, a new type of penetrometer of hemi-toroidal
shape has been developed, with the aim of studying
pipe-soil interaction. The results obtained from strength
measurements are then used to refine existing soil models,
and to provide realistic material parameters for numerical
simulations of a number of problems; e.g., sliding of seabed
slopes, submarine debris flows and behaviour of pipelines
on the seabed. In addition, the penetration resistance is also
used directly to provide guidelines for the load-penetration
response of foundations, e.g. spudcan foundations.

Strength of fine-grained soils at the solid-fluid
transition

Figure 30: T-bar penetrometer test on remoulded sample of
carbonate silt.

Research on the solid-fluid transition of fine-grained
sediments has been continued by Nathalie Boukpeti, as part
of the MERIWA (Minerals and Energy Research Institute of
WA) submarine landslide research program. The results of a
testing campaign conducted on remoulded samples of kaolin
and Burswood clay have been analysed, and the testing has
been extended to a carbonate silt from offshore Australia
(Figure 30). The tests on carbonate silt were performed
by Vacation Scholar Gemma Escuriale and included T-bar
penetrometer tests, vane shear tests, fall cone tests, and
viscometer tests.
Analysis of the experimental data indicates that the
remoulded undrained shear strength of the material
decreases in a continuous fashion from ~10 kPa to ~ 0.01
kPa as the water content increases. By suitably normalising
the water content, a unique response is obtained for the two
soils (kaolin and Burswood clay), which can be described
by a power function. Furthermore, the results show that
the effect of strain rate on the strength can be represented
adequately by a logarithmic or a power function, with the rate
parameter being independent of the water content. This is
illustrated in Figure 31, where results of T-bar and vane shear
tests on kaolin covering a wide range of strain rates are fitted
by the logarithmic model.

Figure 31: Normalised shear stress versus normalised shear
strain rate (log scale) for T-bar and vane tests in kaolin at various
water contents, and logarithmic interpolation.
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Field testing with UWA piezoball
Continuing his research on piezoball penetrometers, Noel
Boylan conducted field tests with the UWA piezoball
penetrometer. The piezoball, which has a 60mm diameter
and measures the pore pressure concurrently at both the
tip and mid-height, was developed by former COFS PhD
researcher, Han Eng Low. Testing was conducted on a silty
clay site on the banks of the Swan River in Perth, close to
the soft clay research site at Burswood (Figure 32). The
main focus of this research was to examine pore pressure
behaviour at different monitoring locations on the ball and
compare to the behaviour around the cone penetrometer.
Figure 33 shows the pore pressure parameters, or ratio of
excess pore pressure to net resistance, for the cone (Bq)
and the piezoball at the mid-height (Bball-m) and tip position
(Bball-tip). These results showed the pore pressure parameter
measured at the tip of the ball to be approximately twice the
value measured at the shoulder of the cone, while the pore
pressure parameter at the mid-height of the ball was 4 – 5
time lower than the value measured by the cone.

Interpretation of partially drained
penetrometer tests
PhD student Hamed Mahmoodzadeh Poornaki began his
studies on the interpretation of partially drained penetrometer
tests and its application to the design of spudcan foundation
during 2009. His research under the supervision of Noel
Boylan, Mark Randolph and Mark Cassidy is examining
methods to interpret piezoball penetration and dissipation
tests, which take place under partially drained conditions, and
provide guidelines for using the penetration resistance of the
piezoball directly when assessing the likely load-penetration
response of spudcan foundations. Hamed conducted a suite
of tests in the beam centrifuge using a miniature piezoball
(Figure 34) and piezocone in a carbonate muddy silt from
offshore Australia. These tests investigated the effect of partial
consolidation on the penetrometer resistance and excess
pore pressure response. Figure 35 shows the penetration
resistance of a piezoball from undrained to fully drained
conditions. The results show the penetration resistance to
increase by a factor of three during this transition.

Figure 32: Piezoball testing during a harsh Australian winter.

Figure 34: UWA miniature piezoball.

Figure 35: Normalised penetration resistance as a function of
normalised velocity.
Figure 33: Comparison of pore pressure parameter of
the cone and piezoball.
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A new type of penetrometer of hemi-toroidal shape
PhD student Yue Yan has examined the functionality of
a hemi-toroid penetrometer (Figure 36a) through a set of
centrifuge model tests in lightly over-consolidated clay. The
toroid has a lever arm of 32 mm and a diameter of 16 mm,
and is fitted with four pore pressure transducers (PPTs)
at the invert of the toroid. As the focus of this study is on
the description of the new penetrometer for assessing the
interaction between pipelines and soil, the results obtained
for characterising the soil properties are compared with a
model pipe test which is 20 mm in diameter and 122 mm
in length. This design concept will be complemented by a
hemi-spherical penetrometer (Figure 36b) with the same
outer diameter of 80 mm, which is essentially a geometric
extension of the toroid with zero aspect ratio.

Operation of this device involves vertical penetration to
an embedment typically of up to half a diameter, followed
by cycles of rotations (Figure 37a, b). Results from the
equipment are load-displacement curves in two directions,
coupled with pore pressure measurement, enabling the
drainage and effective stress state around the toroid to be
understood. The effects of bonding at the toroid-soil interface,
aspect ratio, soil strength gradients were investigated. While
the current study is limited to total stress analyses ranging
from vertical to torsional loadings, further numerical work
using a Modified Cam-Clay model representing the soil
skeleton will be compared with the direct measurement of
toroid-soil interaction, improving the understanding of the
drained behaviour of the toroid penetrometer.

(a)
(a)

(b)
(b)
Figure 36: Shallow penetrometers
(a) hemi-toroid
(b) hemi-sphere.

Figure 37: A typical toroid test
(a) toroid embedment during torsional response
(b) PPT readings.
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Foundation Piles
Piled foundations
Research continues into novel aspects of pile foundation
behaviour, notably the effects of unusual shapes of piles
and assessment of the lateral response through episodes
of loading, with intervening periods of reconsolidation.

Shape effect of piles in sand
PhD student Shinji Taenaka, under supervision of David White
and Mark Randolph, has been investigating the behaviour
of different shaped piles such as sheet piles and H-piles,
especially focusing on the effect of the cross-sectional
geometry on the performance in sand (i.e. shape effects).
According to arching theory, a new parameter taking into
account the shape effects has been proposed. Shape effects
create a huge variation in the normalised horizontal stresses
acting on the pile shaft. Drum and beam centrifuge tests
at UWA (right in Figure 38), show the measured profiles for
all piles can be brought into a closely-spaced group with
the new parameter (called an “arching strength parameter”)
regardless of pile shape, including open- and closed-sections
(left in Figure 38).

Based on an idea derived from the shape effect, a study for
optimising the shape of steel piles is ongoing. In this study,
particular emphasis is given to change of the effective crosssection of the pile during the construction process. A test
facility was developed to model the pile-installation processes
in the UWA beam centrifuge as shown in Figure 39, where
a pair of piles was installed separately to investigate the
interaction effect and the effect of change in the crosssectional shape of the foundation when the piles are loaded
in unison after installation. Figure 40 shows the horizontal
stress changes from the first and second pile installation, the
head load release and the subsequent load testing. It is clear
that the rate of increase of horizontal stresses with depth
went up from the installation to the load testing, perhaps due
to a switch of the cross-section from open to a closed one.
That implies that this switching process could be one solution
for optimising pile-shape to increase the ratio of the load
capacity to installation resistance.

Figure 38: Profiles of horizontal stresses measured on the pile shaft at h/B=1 behind the pile tip with instrument
depth (left) and the new parameter (right).
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Figure 39: Test sequence and the photo of test facility to model the installation of adjacent H-piles and perform
a subsequent load test.

Figure 40: Measured changes in average horizontal stresses during installation and load testing.
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Winged piles
The load-deflection response of laterally loaded piles in
sand was investigated by COFS visitor Jan Dührkop from
Hamburg University of Technology in centrifuge experiments
at COFS, performed with Britta Bienen, David White and
Mark Randolph. Tests with monotonic and cyclic loading
were performed on short solid pile sections as well as models
representing prototype piles of 1.2 m diameter and 30 m
embedment (see Figure 41). In line with previous results
obtained from 1g testing in Hamburg, the wings were found
to significantly reduce the pile head deflection compared to a
regular monopile under the same load.

Figure 41: Model piles (without / with wings) for centrifuge
testing.

Figure 42 shows the measured lateral load vs. displacement
of the pile head. The lateral load is normalised by the pile
diameter, D, embedded length, L, and cone penetrometer
resistance at the depth corresponding to the pile toe, qc,z=L.
The pile head deflection is normalised by the pile diameter.

Figure 42: Pile head deflection of short piles under lateral load.
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COFS visitor Chenrong Zhang, of Tongji University, conducted
a series of model tests on the lateral response of fixedhead single pile in soft clay with David White and Mark
Randolph. Both monotonic and cyclic episodes of loading
were explored, with varying amplitude and with intervening
periods of reconsolidation. The lateral stiffness was observed
to degrade with cycles, with the rate of degradation being
greater for larger cycles. The degradation pattern was
tentatively linked to the cyclic T-bar response, by considering
the ‘damage’ associated with the cumulative displacement
and remoulding, in each case (Figure 43).

Figure 43: Comparison of lateral pile-soil stiffness degradation
and T-bar strength degradation.

Whilst episodes of pile movement and soil remoulding led
to a reduction in lateral resistance, intervening periods of
reconsolidation led to a similar magnitude of recovery, and
a reduction in the level of softening in subsequent cyclic
episodes. During an initial episode of cyclic lateral movement
the stiffness degraded by a factor of 2.3, which is comparable
to the strength sensitivity derived from a cyclic T-bar test. In
contrast, after five episodes of reconsolidation, the stiffness
had recovered back to within 25% of the stiffness observed
in the first cycle of the first episode, and showed negligible
degradation during subsequent cycling (Figure 44). This
observation implies that, over a long period of cyclic loading,
the lateral stiffness of a pile may tend towards a value which
is independent of cycle number, and which represents a
balance between the damaging effects of remoulding and
pore pressure generation, and the healing effects of time and
reconsolidation.

Figure 44: Comparison of cyclic lateral pipe response before and
after five episodes of remoulding and reconsolidation.
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Shallow Foundations
A number of researchers commenced and continued
investigations of shallow foundation solutions in 2009, with
particular attention focused on the performance of skirted
foundations. A selection of applications of shallow skirted
foundations is illustrated (Figure 45). Transient and sustained
loading, uplift and compression capacity, the effect of
preloading and consolidation, and bearing capacity under
general loading have all been investigated. This report also
summarises two studies of keying plate anchors and one
of pull out of helical anchors – essentially bearing capacity
problems and therefore intrinsically linked to shallow
foundations.

Figure 45. Applications for shallow skirted foundations.

Effect of embedment on consolidation
Susan Gourvenec and Mark Randolph continued numerical
investigation of the effect of embedment on consolidation
around shallow foundations with particular attention to the
effect of the compressible soil plug contained within skirts.
For skirted foundations, critical uncertainties include what to
assume in terms of the degree of drainage at skirt tip level,
and the relative time-scales of consolidation within the soil
plug and beneath the foundation. Skirted foundations with
frictionless and fully rough skirt-soil interfaces with varying
ratios of embedment depth to foundation diameter were
considered under concentric compressive loads and the
responses compared with those for surface foundations.
Figure 46 shows an increase in consolidation settlement with
increasing embedment ratios for smooth-skirted foundations
and a reduction in consolidation settlement with increasing
embedment ratios for rough-skirted foundations. Smooth
skirts result in the surface load being transmitted to the level
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of the skirt tips under one-dimensional conditions resulting
in increasing contact pressure with increasing embedment
ratio. Conversely, with rough skirts the proportion of the
applied load carried by skirt friction increases with increasing
embedment ratio leading to a reduction in contact pressure
with increasing embedment ratio. Consolidation times are
increasingly prolonged with increasing embedment ratios
and for both smooth and rough skirt-soil interface conditions,
additional load is transferred to the skirt tip, and in the case
of the rough skirts to the shaft, as consolidation progresses.
Figure 47 expresses consolidation settlement as the rate
of consolidation, showing the smooth-skirted foundations
have similar rates of consolidation as a surface foundation
independent of embedment ratio while rough-skirted
foundations exhibit lower rates of consolidation (reflected in
the lesser magnitude of settlement as shown in Figure 46).

Figure 46: Consolidation displacement beneath skirted
foundations.

Figure 48: Effect of preloading on bearing capacity.

Figure 47: Rate of consolidation around skirted foundations.

Effect of preloading on bearing capacity
Tejas Murthy with Susan Gourvenec and Mark Randolph
began investigations on the effect of pre-loading on the
bearing response of shallow foundations using finite element
analyses with a critical state constitutive soil model. This
approach enables the consolidation response to be coupled
with a change in soil shear strength and hence foundation
load carrying capacity. A study has been made of the effect
of magnitude and duration of preload on the bearing capacity
of a shallow foundation resting on a normally consolidated
soft clay. The model parameters used in the finite element
analyses were obtained from a suite of laboratory tests
conducted on kaolin clay. Magnitudes of preload, expressed
as a percentage of the ‘un-preloaded’ ultimate capacity,
were applied for different durations and are expressed as
a percentage of time for complete primary consolidation.
Figure 48 shows the effect of preloads of up to 60% of
the un-preloaded ultimate capacity with complete primary
consolidation prior to loading to failure. The results show a
potential increase of up to 80% of the un-preloaded bearing
capacity following a preload of 60% of the un-preloaded
bearing capacity.

Hugo-Acosta Martinez and Susan Gourvenec used beam
centrifuge tests to investigate the effect of preloading
on skirted foundations under transient compression in
normally and lightly over consolidated clay. The testing
program investigated undrained compression capacity of a
shallow skirted foundation (d/D = 0.3) immediately following
installation and after a period of consolidation to allow
dissipation of excess pore pressure developed within the soil
plug during installation. Figure 49 shows the consolidation
response during preloading in terms of excess pore pressure
dissipation under the foundation base plate and as settlement
of the foundation. Figure 49 illustrates that excess pore
pressure dissipation under the base plate occurs more rapidly
than overall consolidation, which is governed by dissipation
of excess pore pressure in the far field. Figure 50 shows the
bearing capacity, qnet, against normalised displacement –
the ultimate limit states demonstrate the increased bearing
capacity achieved through preloading, and arises from the
increase in operative shear strength of the surrounding soil.

Figure 49: Comparison of pore pressure dissipation under
foundation base plate and foundation settlement response during
preloading.
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while transition of soil failure mechanism from Prandtl-type
to Hill-type is observed with decreasing embedment ratio
under uplift. The results show that even foundations with low
embedment ratios can mobilise reverse end bearing under
transient uplift – a very promising result to optimise skirted
foundation design to resist uplift.

Figure 50: Increase in bearing capacity due to preloading.

Kinematic mechanisms during transient uplift
and compression
Divya Mana, Susan Gourvenec, Shazzad Hossain and Mark
Randolph investigated soil flow mechanisms governing
transient compression and uplift capacity of circular skirted
foundations. Drum centrifuge testing with particle image
velocimetry (PIV) and finite element analyses have been
carried out on a 12 m diameter skirted foundation with
embedment ratios, d/D = 0.1, 0.2, 0.3 and 0.5 in lightly
over consolidated clay. A special model setup, as shown
in Figure 51, was designed to prevent loss of contact of
the half model from the Perspex window. All the tests were
displacement-controlled, carried out at a rate to satisfy
undrained loading conditions. Soil displacement vectors
during loading were obtained through PIV analysis on digital
images taken during testing. The results of the PIV analyses
shown in Figure 52 illustrate a Prandtl-type failure mechanism
governed compression failure for all the embedment depths,

Figure 51: A typical test setup inside the drum channel.

Figure 52: Soil flow mechanisms during transient uplift and compression.
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Failure envelopes for shallow foundation design
Susan Gourvenec continued her research on failure
envelopes for shallow foundation design with Andrew Deeks.
They completed a comparative study of traditional design
methods, the failure envelope method and the bespoke
finite element analyses method. The report compares the
different design methods for two typical skirted foundation
applications: (i) a slightly skirted shallow foundation for a
subsea structure; and (ii) a hybrid gravity base platform with
skirted foundation (as illustrated in Figure 45). The results
show that for loading conditions for which the moment
component of loading is small, such as is often the case
for scenario (i), traditional design methods can adequately
predict a bearing capacity. However, traditional design
methods can under predict available bearing capacity when
substantial horizontal load and moment components act in
conjunction, particularly under low vertical load. Figure 53
shows a comparison of the ultimate limit states predicted
by the different design methods for scenario (ii), the hybrid
gravity base. The results highlight the potentially overlooked
bearing capacity obtained by applying traditional methods
of design.

Figure 53: Comparison of ultimate limit state of a hybrid GBS
predicted with different design approaches.

levels of preloading. Tests demonstrated the evident increase
of capacity (see Figure 55), which result both from further
penetration of the foundation (hence reaching stronger soil),
but more importantly from the increase of shear strength due
to the consolidation occurring during preloading. Results
also demonstrate the dominance of the consolidation
phenomenon on the level of preloading. This is of great
practical importance, as it indicates that significant increase
in capacity can be obtained for a limited amount of preload
(as could be applied by suction), provided that consolidation
can reach a sufficient level. The research program now aims
at developing solutions to reduce the time required to achieve
full consolidation and at analysing the respective contributions
of the suction caisson and the footing mat in the overall
V,H,M capacity of the foundation.

Figure 54: Simplified model of hybrid foundation
with skirted and caisson compartment.

Hybrid foundation systems
Christophe Gaudin, Mark Cassidy and Britta Bienen have
been pursuing their collaboration with Okky Purwana and
Matthew Quah from Keppel Offshore & Marine Pte Ltd to
further develop a new hybrid foundation system, featuring
a suction caisson compartment and a footing mat (Figure
54). The concept relies on the development of suction to
preload the foundation (and hence increase the overall
capacity) and consequently reduces the dependency on
self weight, allowing the system to operate with mobile
jack-up units in water depths up to 200 m. Centrifuge
tests have been carried out, focusing on quantifying the
vertical bearing capacity of flat and skirted hybrid systems
in normally and over consolidated soils following various

Figure 55: Experimental evidence of the increase of hybrid
foundation capacity due to preloading.
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Plate anchors
Christophe Gaudin pursued his work on plate anchors
through centrifuge tests and Particle Image Velocimetry
(PIV) analysis to investigate the behaviour and performance
of a keying flap, during the keying of plate anchors. The
keying flap, attached to the top of the anchor (Figure 56), is
commonly used in practice. The flap is aimed at reducing the
vertical translation component of the installation path during
keying, although its efficiency appears to be uncertain. The
performance of this keying flap was investigated through
centrifuge tests to understand the governing mechanism. A
suction embedded plate anchor (SEPLA) model was used
in conjunction with PIV analysis to monitor the trajectory of
the anchor and the behaviour of the keying flap. Results,
illustrated in Figure 57, demonstrate that the keying flap did
not activate (i.e. rotate relative to the anchor fluke) during the
keying process. Failure to activate was due to the level of
rotation experienced by the anchor with respect to the level of
vertical displacement and the resulting bearing of soil acting
on the back of the flap.

Figure 57: Anchor rotation and flap behaviour during vertical
pullout at four different successive stages during keying.

Once keying is completed (e.g. the anchor experiences
translation along the pull direction), the flap rotates, under the
bearing soil pressure acting on the front face of the flap. The
combination of the padeye offset and the presence of the flap
leads to an asymmetric failure mechanism (Figure 58).

(a)

Figure 56: Prototype plate anchor with hinged flap.

(b)
Figure 58: Post-keying condition: (a) anchor orientation and
direction of motion (b) instantaneous failure mechanism.
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This change in mechanism results in a lower pullout bearing
capacity compared to an anchor of the same area with a
centered padeye, but also in an anchor trajectory exhibiting
significant horizontal translation. While the former negatively
affects the performance of the anchor, the latter may be
beneficial in limiting the post peak capacity reduction. Further
work is therefore required to capture the full influence of
the padeye offset to understand its influence on the keying
behaviour and to quantify the resulting change in holding
capacity.

Teng Wang, Mark Randolph, Christophe Gaudin and Dong
Wang have been investigating the keying mechanism of plate
anchors subjected to vertical pull out using a coupled Eulerian
and Lagrangian (CEL) finite element method. ABAQUS CEL
(recently available as standard) has been used to simulate
the large deformation behaviour of soil. Preliminary analyses
simulating penetration of a T-bar into clay soil were carried
out to validate the method and the results are presented in
Figure 60.

Dong Wang and Mark Randolph continued their work
on keying of plate anchors using large deformation finite
element analysis (that has been integrated in-house into the
commercially available software ABAQUS) and comparing
results with the centrifuge tests described above. Numerical
analyses of the keying response of plate anchors with flaps
and the activation of the flap have quantified the moment
applied on the flap (Figure 59).

Figure 60: Bearing capacity factors of smooth and rough T-bar.

Figure 59: Moment on the flap during keying.
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The plate anchor keying processes under vertical uplift loads
has been simulated using the CEL method, a contour of
Mises stress is illustrated in Figure 61. The influence of the
frictional coefficient (a) between the plate and soil, on the
depth loss of the plate has been investigated.

Dong Wang, Christophe Gaudin and Yuxia Hu collaborated
with Richard Merifield at Newcastle University to explore
the behaviour of multi-plate helical anchors in clay. Helical
anchors have been widely used as foundations for
transmission towers and pipelines to resist pullout loadings,
however, the underlying semi-theoretical strategies adopted
in practical design have proven to be largely inadequate.
Twelve model tests were conducted in the beam centrifuge
(Figure 62), and the entire pulling-out procedure was
recorded. The measured uplift capacities were compared
with those predicted by large deformation finite element
method. A simple procedure was proposed to assess the
monotonic uplift capacity of helical anchors by considering
the effects of plate spacing, anchor embedment depth and
soil undrained strength.

Figure 61: Contour plot of Mises stress.
Figure 62: Multi-plate helical anchor model used in centrifuge
tests.
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Pipelines
Pipelines and risers
An increasingly large part of our research activity is concerned
with pipelines and risers. This is a reflection of the changing
form of offshore developments, moving into deeper waters.
Many mega-projects offshore Australia involve long export
pipelines to shore, in some cases crossing steep terrain at
the continental margins. Several projects are also considering
the use of steel catenary risers on carbonate sediments,
for the first time. COFS is involved with major research
projects associated with pipeline geotechnics including the
SAFEBUCK JIP, the CSIRO Cluster Collaboration and the
MERIWA JIP on submarine slide – pipeline interaction (which
is described in the geohazards section of this report). We also
have strong links with Orcina, who develop software for riser
analysis, and we undertook several project-specific studies
related to pipeline design during 2009. These activities are
described elsewhere in this report. Some highlights of our
pipeline and riser research are summarised below.

Pipeline Laying
Zachary Westgate, David White and Mark Randolph
continued to study dynamic pipeline embedment in soft
soils, in collaboration with Acergy. Analyses of as-laid
pipeline survey data from two offshore sites (North Sea and
offshore West Africa) provided insights into the governing
mechanisms of dynamic embedment. A key outcome of
this work was that the soil strength degrades from intact to
remoulded conditions during pipe lay due to repeated vertical
and horizontal pipe motions in the seabed touchdown zone.
Transient increases in vertical pipe-soil contact force also
occur during pipe lay due to vessel motions and the passage
of forces through the pipe catenary, which can be quantified
using numerical software such as OrcaFlex. The use of
the remoulded strength in existing theoretical models for
pipe-soil bearing capacity and the dynamic vertical force in
standard catenary solutions showed calculated values of pipe
embedment that closely matched the observations from the
field data (Figure 63).

Figure 63: Comparison of as-laid pipeline embedment with
calculated values using different soil strength and vertical pipesoil contact force.

Complementary physical model testing in the beam centrifuge
was performed to investigate the effects of pipe motion
direction and amplitude on the development of embedment
during pipe laying. A first series of tests showed that the
degradation of soil strength is indeed a key factor controlling
the achievable magnitude of dynamic pipeline embedment
under a given vertical load. Cyclic tests that kept the pipe in
contact with the soil showed significantly less embedment
than tests that allowed the pipe to breakaway from the soil
with each cycle. The main reason for this difference is due
to the water entrainment with breakaway cycles and the
associated reductions in shear strength. In extreme cases,
this entrainment results in a slurry-like soil consistency around
the pipeline (Figure 64).
Susan Gourvenec and David White continued investigations
into consolidation around partially embedded submarine
pipelines using finite element analysis. Excess pore
pressure is created when the pipe is laid on the seabed,
and consolidation occurs as this pore pressure dissipates,
directly influencing the available axial pipe-soil resistance.
Numerical solutions for the dissipation of lay-induced excess
pore pressures have been developed. The key outcome from
these analyses is the quantification of the rate of development
of effective contact force between the pipe and the soil and
the resulting effective contact enhancement factor z′, due to
a ‘wedging’ action.
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Figure 64. Comparison of clay consistency for a pipe statically embedded to one diameter embedment (left) and dynamically embedded
to the same depth (right).

Figure 65 highlights development of the effective contact
enhancement factor z′ during consolidation for pipes
with embedment ratios d/D = 0.2 and 0.5 and for a strip
foundation. The contact force evolves more quickly around a
pipe due to the curved shape, which reduces the volume of
soil that must be consolidated compared to beneath a strip
foundation. For the deepest embedment ratio d/D = 0.5, the
fully consolidated effective contact enhancement factor z′ =
1.35. In this case the contact force between the pipe and the
soil is 35% higher than simply the applied vertical load (i.e.
the submerged pipe weight).
The trends evident in Figure 65 highlight the contrast between
these pipe-specific solutions and the conventional idealisation
of the pipe as a strip foundation. For example, for a typical
seabed pipeline, 0.5 m in diameter, assuming an embedment
ratio d/D = 0.2 and coefficient of consolidation cv = 1 m2/ yr,
an effective contact force equal to the pipe weight (i.e. z′ = 1)
is achieved in 12 days (Figure 65). In contrast, based on the
strip foundation solution, a consolidation period of ~ 250
days would be required to attain z′ > 0.9. The new solutions
provide a more accurate indication of the rates of ‘set-up’
of effective stress between an on-bottom pipeline and the
seabed. Pore pressure dissipation data from a field test
using Fugro’s SMARTPIPE very closely follow the numerical
solution (Figure 66). David White and Zachary Westgate, in
collaboration with BP, used Susie’s consolidation solutions
and other analytical techniques to interrogate the data from
the first field deployment of Fugro’s SMARTPIPE.

Figure 65: Development of effective contact enhancement factor
with time.

Figure 66: Comparison of calculated and observed dissipation
curves at pipe invert.
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Lateral Buckling
After being laid on the seabed, a pipeline may buckle
laterally in response to temperature or pressure changes.
PhD student Santiram Chatterjee has performed Large
Deformation Finite Element (LDFE) analysis using ABAQUS
to study pipe soil interactions during vertical penetration
and large amplitude lateral pipe motion. Santiram’s work,
supervised by David White and Mark Randolph, follows
from previous studies by Dong Wang, which unleashed the
power of LDFE analysis onto pipeline buckling (Figure 67).
Santiram incorporated the effects of strain rate and softening
in his model to capture more realistic soil behaviour. For
large amplitude lateral motion, the influence of the initial
pipe embedment was investigated. Differences in behaviour
between light and heavy pipes were also explored. For lighter
weights, the pipe sweeps to and fro close to the soil surface,
yielding a steady resistance during each sweep. Heavier
pipes descend downwards, leading to a rising resistance over
large displacements. Figure 68 and Figure 69 show typical
LDFE results that illustrate the differences between light and
heavy pipe responses during lateral motion.

Figure 69: Pipeline trajectory during first sweep of lateral motion.

David White and regular COFS visitor Johnny Cheuk (formerly
of Hong Kong University, now of AECOM) continued to
contribute to the SAFEBUCK JIP, preparing a data review in
support of new models for estimation of the breakout and
large-amplitude lateral pipe-soil resistance forces (Figure 70).
Their review of 67 model tests conducted at COFS and at the
Norwegian Geotechnical Institute has been incorporated in a
revision of the SAFEBUCK guideline.

Figure 67: Large amplitude lateral pipeline sweeping using LDFE
– with automatic element addition.

Figure 70: SAFEBUCK model test database of large-amplitude
lateral pipe-soil interaction.

Figure 68: Horizontal resistance during first sweep of lateral
motion.

Johnny Cheuk and David White developed comparisons
between centrifuge modelling results and theoretical
solutions for undrained pipeline breakout resistance. A critical
uncertainty in the assessment of breakout resistance is the
level of suction that can be maintained at the rear of the pipe.
In our previous annual report, we described fully bonded
and unbonded undrained breakout solutions, which lead to
sharply differing failure envelopes. Centrifuge model tests
performed when Johnny visited COFS show that if the pipe
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is laid with even modest dynamic lay effects, then the tension
that can be sustained at the rear of the pipe is minimal, and
the breakout resistance is well predicted by the unbonded
failure envelope (e.g. test S3 in Figure 71). If breakout occurs
extremely rapidly, the resistance can rise towards the fully
bonded failure envelope (e.g. tests S1 and S2), although this
is not usually of practical relevance.

Figure 71: Centrifuge model test load paths compared to
theoretical pipe-soil failure envelopes.

On-bottom Pipeline Stability
To study the on-bottom stability of pipelines subjected to
hydrodynamic loading, Yinghui Tian and Mark Cassidy
completed an integration algorithm study and finalised the
implementation of UWAPIPE models into the FE program
ABAQUS. The UWAPIPE model is a state-of-the-art model
describing pipe-soil behaviour based on centrifuge test
observations. The model was initially created by previous
COFS PhD student George Zhang (his PhD was completed

Figure 72: Concept of UWAPIPE macroelement model.
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in 2001). This implementation study improved the robustness
and efficiency of the integrated program ABAQUS_UWAPIPE,
which is capable of simulating pipeline on-bottom stability
under hydrodynamic loading and various other loads. A
numerical strategy was developed and employed in the
programming of ABAQUS_UWAPIPE to account for uplifting
of the pipeline from the seabed under extreme storm loading.
The incorporation of UWAPIPE model into ABAQUS is
illustrated in Figure 72.

A new suite of parameters and formulations of UWAPIPE
were derived from centrifuge tests conducted in 2008. Using
these new formulations the numerical prediction agrees well
with centrifuge tests that have lateral movement of up to
two pipe diameters. Furthermore, the lateral displacement
is incorporated into a hardening law to account for berm
effects. The numerical prediction with this radial hardening
law gives improved agreement with the centrifuge tests up to
a lateral movement of five pipe diameters.
Bassem Youssef joined COFS on September 2008 as a
PhD student under the supervision of Mark Cassidy and
Yinghui Tian. Bassem’s PhD research is focusing on the
application of probabilistic models in the analysis of offshore
pipelines. He studied state of the art hydrodynamic loading
computation methods and has developed a computer
code – UWAHYDRO – using a Fourier model to simulate
hydrodynamic loads acting upon on-bottom offshore

pipelines under any storm conditions. This code can be
incorporated into the finite element program ABAQUS or run
stand-alone. UWAHYDRO is comprehensive with many useful
options to modify the hydrodynamic loads during the pipeline
simulation process.
Implementation of UWAHYDRO into ABAQUS and
UWAPIPE (previous work done by Tian and Cassidy 2008,
2010) introduces a balanced modelling tool for on-bottom
pipeline analysis. It allows dynamic time domain with
instantaneous update of the hydrodynamic forces with
changes in penetration and movement of the pipeline due
to the pipe-soil interaction. This effect is quantified for an
example 1 m diameter pipeline, simulated over a length of
1250 m. This requires 251 UWAPIPE elements, as shown in
Figure 73. Figure 74 shows the difference between pipeline
displacements during a one hour storm with and without the
hydrodynamic modification (HM) option.

Figure 73: Pipeline details.

Figure 74: Pipeline displacements.
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It is increasingly being recognised that geotechnical analyses
of on-bottom stability are often flawed, because they neglect
to consider the mobility of seabed sediments. This mobility,
which is manifested through the processes of scour and full
or partial liquefaction, may enhance or reduce the horizontal
pipe-soil forces available to equilibrate hydrodynamic loading
on the pipe during cyclone events. A major new research
initiative at UWA is being led by Professor Liang Cheng of the
School of Civil and Resource Engineering, in collaboration
with David White and Mark Randolph of COFS. A large new
experimental facility – the large O-tube – was manufactured
in China during 2009, and was shipped to Australia and
installed at UWA’s Shenton Park field station during late 2009
(Figure 75). A large portion of the funding to build this new
experimental facility was provided by Woodside.

The O-tube is capable of simulating the high currents and
wave-induced flows associated with cyclonic conditions
within its 17.4m-long 1m-high test section, which features a
mobile bed of seabed soil. This experimental arrangement
allows ocean-seabed-pipeline interaction to be simulated
at full or near-full scale, allowing the tripartite interaction
between the pipe, the seabed and the hydrodynamic
action to be simulated concurrently. The O-tube passed
its commissioning trials with flying colours, and will be
engaged throughout 2010 on industry-sponsored testing and
research studies linked to the STABLEPIPE JIP (supported by
Woodside and Chevron).

Figure 75: The large O-tube, assembled at the UWA Shenton Park field station.
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Steel Catenary Risers
SCRs (Steel Catenary Risers) are often the preferred option
for subsea tie-back to floating platforms in deep water due
to their conceptual simplicity, ease of construction and
installation, and simple interface with the flowlines. Fatigue
design of SCRs, particularly in the touch down area (TDA),
has always been one of the major engineering challenges.
Traditionally, fatigue assessment of SCRs has been highly
conservative, because of a lack of precise understanding of
the non-linear soil-riser-interaction in the TDA. Most fatigue
studies are based on assumed linear stiffness for the seabed,
partly because of the lack of robust non-linear riser-seabed
interaction models, and partly because the linear response
simplifies the fatigue study.
Hodjat Shiri, working with Mark Randolph, has been studying
the numerical modelling of riser-seabed interaction in the
touchdown zone for steel catenary risers. A hysteretic nonlinear seabed model implemented in ABAQUS has been used
to explore a number of aspects of fatigue in the touchdown
zone. In particular he has analysed the effect of wave order
and the number of wave cycles on the fatigue calculation,
and the extent to which trench formation might aggravate the
fatigue damage.
The non-linear seabed model is able to simulate the formation
of quite deep trenches by suitable adjustment of parameters
outside their normal range, and then applying a number of
cycles of waves at the upper end of the design range. The
parameters are then returned to appropriate values for the
main fatigue study. Typical trench shapes achieved for a 0.33
m diameter riser are shown in Figure 76.

Figure 76: Simulated trench profiles of various depths.

The resulting profiles of fatigue damage for different trench
depths are shown in Figure 77. It is clear that initial trenching
increases the fatigue damage appreciably with a 78%
increase for the deepest trench (5D) compared with no pretrenching. It may also be seen that the peak fatigue damage
shifts towards the vessel end of the riser (towards the left
as shown). Detailed results show that the motion of the
riser relative to the seabed, and hence changes in curvature
and bending moment, tend to be increasingly concentrated
towards the vessel end of the trench.

Figure 77: Effect of trench depth on the fatigue damage profile
along the riser.

Mehrdad Kimiaei and Mark Randolph started working on a
dynamic response analysis for the fatigue design of SCRs
using nonlinear pipe-soil interaction models. In this study,
using the Orcaflex software, a new advanced nonlinear cyclic
pipe-soil interaction model recently developed at COFS was
implemented for dynamic response analysis and fatigue
design of SCRs (Figure 78). The nonlinear hysteretic soil
model used in this study is shown in Figure 79. In the first
step, the effects of different loading parameters (motions of
floating vessels, wave heights, wave periods and wave pack
ordering) on the fatigue damage of SCRs in the TDA were
investigated. Numerical results show that over 95% of the
fatigue damage corresponds to floating vessel motion parallel
to the riser axis at the connection point to the vessel (Figure
80). It was also shown that riser response in the TDA is highly
influenced by wave pack orders in a dynamic time history
analysis.
Ivan Ting (final year student), Mehrdad Kimiaei and Mark
Randolph carried out a series of sensitivity analysis to
investigate how the main geotechnical parameters can
influence the fatigue life of SCRs in the TDA. The main
parameters considered were: maximum normalised stiffness,
soil suction ratio and shear strength gradient. It was found
that any increase either in soil suction ratio or in shear
strength gradient will significantly reduce the fatigue life of the
SCR in the TDA.
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Figure 79: Nonlinear soil model for different modes.

Figure 78: Orcaflex model for dynamic analysis of SCR.

Figure 80: Effects of different vessel motions on fatigue damage of SCR in TDA.
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Indranil Guha joined COFS in September 2008 as a
PhD student under the supervision of David White and
Mark Randolph. Indranil’s research is concerned with the
interaction between seabed pipelines and submarine slides,
as well as other loading conditions induced by thermal
expansion. The principal motivation is the need for export
and tieback pipelines to negotiate regions of instability or
sloping ground where ground movements may occur (i.e.
submarine slides), and for these pipelines to withstand other
forms of loading. The objectives are to improve techniques
for assessing the axial and lateral pipe-soil interaction forces
resulting from relative pipe-soil movement, including the
passage of mobile slide material along or across a seabed
pipeline. Parallels are being drawn with the ‘t-z’ and ‘p-y’
techniques for assessing pile-soil interaction forces.

Indranil has developed an analytical solution for axial
loading on a straight pipeline and deformation of an elastic
pipeline laid on a seabed. The solution uses a linear elastic
– perfectly plastic t-z response, with the pipeline subjected
to an axial slide represented by a uniform axial load over
a defined length of the pipeline. This solution neglects the
possibility of a buckle forming downstream of the slide. A
parametric analysis has been carried out to check the effects
of slide strength (see Figure 81), length of the slide and the
embedment of the pipe for three different sizes of pipelines,
namely: MEG line (6”); flow line (12”); and transmission line
(36”).

Figure 81: Variation of load and displacement due to an axial submarine slide, for varying
strengths of slide material.
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Geohazards
As oil and gas developments move gradually into deeper
waters, the assessment and mitigation of the risks posed by
geohazards become critical aspects of the design process.
For developments taking place beyond the continental
shelf, offshore North-West Australia, the possibility of a
submarine slide impacting an export pipeline or the subsea
infrastructure is a key consideration in the routing of pipelines
and siting infrastructure. Geohazards have become a
core area of research at COFS and research in this field is
expanding year by year. COFS is supported by the State
Government of Western Australia as a designated Centre of
Excellence for the period 2005-10. This status is allowing
us to expand our capabilities into deep-water geohazards,
and pipeline and riser mechanics, underpinning future deep
water development. Since 2007, a joint industry project (JIP)
administered by the Minerals and Energy Research Institute
of Western Australia (MERIWA) and supported by six major
oil and gas operators has been underway at COFS and is
focused on the interaction of submarine slides and seabed
pipelines. Geohazards are also a stream of the CSIRO Cluster
on Seabed Pipelines, which is led by COFS.

extends across central Western Australia and project offshore
and across the Northwest Shelf. One of these structures,
the Mt. Narryer fault, produced the 1941 M 7.3 Meeberrie
earthquake, the largest seismic event in Australia’s history.
The Mt Narryer fault zone is expressed by recent fault scarps
up to 8 m high (Figure 83) and both reverse and strike-slip
styles of deformation. Although the fault is located onshore, it
appears to be part of a system of faults that project offshore,
and therefore provides an important analogue for the type
of earthquakes and ground deformation that could affect
the Northwest Shelf. Strong ground shaking from large
magnitude earthquakes such as the M 7.3 Meeberrie event is
a likely triggering mechanism for large scale slope failures on
the continental slope.

Seafloor Stability of the Northwest Shelf
James Hengesh joined COFS in late 2008 and has brought
his many years of practical experience as a geohazards
specialist to explore the stability of the Northwest Shelf,
offshore Australia. The Northwest Shelf extends along
Australia’s passive continental margin and although it is
commonly viewed as a stable continental region, active
geohazard processes pose significant risk to infrastructure
development. Unique carbonate soils on the continental shelf
and slope create unusual challenges for design of subsea
infrastructure elements such as foundations, pipelines,
and anchorage systems. These soils also are mobile and
significant slope failures have occurred along the continental
slope. Slope failures vary in size from small slumps to
large-scale failures with widths of several kilometres and
lengths of many tens of kilometres. Detailed high resolution
bathymetric data compiled from multiple 3D seismic surveys
are being used to map and characterise submarine landslides
extending from approximately 100 m water depth at the
continental shelf break, across the continental slope, to
approximately 1,500 m water depth. The 3D seismic data
provide a means to develop detailed surficial geomorphic
maps, as well as to assess the geological structure, and
geometry of slope failures (Figure 82).
The submarine landslides on the continental slope may
have been triggered by changes in effective stress due to
sea-level fluctuations, or as a result of earthquake strong
ground shaking. Although, the Northwest Shelf is a passive
tectonic margin, a zone of Neogene active tectonic features
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Figure 82: Example 2D section from Pluto 3D data volume.
Section shows buried landslide deposits as well as potentially
active landslides along continental slope.

Figure 83: Fault scarp across Rodrick River at Lake Wooleen.

Drum Centrifuge Modelling of Submarine Slides

Numerical Modelling of Submarine Slides

As part of the COFS/MERIWA JIP on the impact of submarine
slides on pipelines, Noel Boylan, Christophe Gaudin, David
White and Mark Randolph continued work on the modelling
of submarine slides in the drum centrifuge. During 2009, an
extensive series of tests was undertaken using the facility
previous developed to trigger slides within the channel of
the drum centrifuge. Testing examined the influence of the
initial strength of the slide block on the run-out length and
characteristics of the debris material. Figure 84 shows an
example of run-out during one of these tests, highlighting the
compression ridges at the terminal lobe of the slide, similar in
character to the compression zones identified in the southern
flank of the Storegga slide, offshore Norway. The mobility of
submarine slides can be characterised geometrically by the
run-out ratio (H/L), where H is the vertical elevation of the
debris flow source above the deposit, and L is the horizontal
distance from source to deposit compared to the volume of
the slide. Figure 85 compares the run-out ratios and size of
these slides relative to a database of subaerial and submarine
slides, showing the centrifuge tests to fall within the range of
previous experience for submarine slides.

The effect of submarine slides on the stability of pipelines has
been numerically studied by Dong Wang, Mark Randolph
and David White in two categories: (1) sliding along the
seabed but without considering existence of the pipeline.
The run-out distance and velocity distributions in the sliding
soil were assessed using a dynamic large deformation finite
element approach coupled with a strain-softening constitutive
model (Figure 86). (2) drag force imposed on the on-bottom
pipeline against the velocity and strength of the sliding soil
and the pipeline embedment. The relationship between the
drag force and Johnson number has been explored, where
the Johnson number represents a combination of soil velocity
and undrained strength. The linkage of both categories
provides an interpretation of submarine landslide from a
geotechnical view, different from those based on conventional
fluid methods.

Figure 84: Slide run-out from centrifuge test with compression
ridges highlighted.

Figure 85: Relationship between run-out geometry and slide
size: comparison of centrifuge tests and field database.

Figure 86: Velocity distributions on deformed softening material.
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Complementing the centrifuge modelling of submarine
slides, Noel Boylan and David White initiated development
of software to model the run-out of submarine slides. This
software, titled UWA-SM3 (Submarine Mass Movement
Modeller) simulates the run-out of a slide block along a
predefined topography using either a Bingham or HerschelBulkley rheology to describe the properties of the slide
block. The slide material is idealised as a sheared layer (hs)
lying beneath a plug layer (hp) in which soil remains rigid (see
Figure 87). The slope angle (q) at any point of the run-out
is obtained from the topography of the flow region which is
defined by the user. The rheological models are implemented
using depth-integrated equations of mass and momentum
conservation for a laminar constant volume mud flow. The
slide block is discretised as a series of cells, for which the
velocity and positions are calculated at discrete time intervals
and the governing equations are solved within a Lagrangian
framework using an explicit finite difference scheme. The
analysis continues until the slide material comes to a halt or
a minimum threshold velocity is reached. Figure 88 shows
an example run-out of a slide block with a yield stress (ty) of
0.5 kPa, initially on a 10o slope. Further development of the
software is underway and is working towards incorporating
soil remoulding and hydrodynamic drag into the run-out
analysis.

Numerical Analysis of a Cylinder Moving through
Rate-Dependent Soils
To assess the potential damage to a pipeline from a
submarine slide, Hongxia Zhu and Mark Randolph are
developing a quantitative model to evaluate the impact
forces on the pipeline. In contrast to typical geotechnical
problems, the strain rate within a fast moving, flow-like
submarine landslide is typically far higher, which leads to an
enhancement of soil strength and therefore larger impact
forces. Generally, there are two predictive frameworks for
strain-rate dependence: a fluid dynamics framework and a
geotechnical framework. A unified additive power-law model
was explored in this study by comparing common rheological
models adopted in these two different approaches. This
model has been used in conjunction with a large deformation
finite element (LDFE) approach to investigate the limiting
loads on a cylinder moving through soft rate-dependent
material, and to quantify the strain-rate effects.
The LDFE analyses were performed using a two-dimensional
soil model with plane strain conditions. Meshes with very
fine elements inside the flow mechanism were used to
ensure an accurate solution, as shown in Figure 89. The
flow mechanism and the effects of the shear-thinning
index and Oldroyd number on the shear zones were
explored. The calculated resistant factors were compared
with drag coefficients obtained by computational fluid
dynamics analysis (see Figure 90). The average rate of
strain experienced by the soil flowing past the cylinder was
estimated for a given flow velocity. The mode was expressed
in the form of a conventional bearing capacity equation, but
with shear strength linked directly to the normalised flow
velocity, to predict the magnitude of the drag force exerted by
the debris flow.

Figure 87: Illustration of slide analysis parameters.

Figure 88: Slide run-out modelled using UWA-SM3 software.

Figure 89: Locally refined mesh.
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Figure 90: Comparison between LDFE and CFD solutions of
resistance factor.

Slide-pipeline Interaction
Data from numerical analysis of slide-pipeline interaction
forces, published by Zakeri (2009) [Ocean Engineering,
36(6-7), 489-499], have been re-analysed by Mark Randolph
within a geotechnical framework rather than as fluid-like drag
coefficients. The data were based on analyses using the
CFD software ANSYS CFX to evaluate the pipeline response,
extracting net forces parallel and normal to a pipe segment
placed at different angles of 0, 30, 45, 60 and 90 degrees
to the flow direction. The published results provided detailed
tabulated information regarding pipeline geometry, flow
velocity and angle of attack, properties of the soil mixes and
the resulting force components.
In a geotechnical framework, but allowing for a drag
component for flow normal to the pipeline, the axial (Fa) and
normal (Fn) resistances per unit length of pipeline of diameter,
D, may be expressed as:

Figure 91: Interaction diagram for geotechnical resistance
factors for debris flow impacting a pipeline.

Fa = fasu,nomπD
Fn = Cd (½ρV2n )D + Npsu,nom
where ρ is the density of the flowing soil, and su,nom is the
shear strength of the flowing soil at a ‘nominal’ strain rate of
Va/D (axial) or Vn/D (normal) where Va and Vn are the axial and
normal components of the velocity.
This approach allowed the published data to be fitted
reasonably well, using a drag coefficient of Cd = 0.4 (only
relevant at low values of the ratio ρV2/su,nom) and coefficients
fa and Np that vary with the flow direction, forming a yield
envelope as shown in Figure 91. The limiting values of
fa,0 = 1.4 and Np,90 can be shown to be consistent with
theoretical analysis, and the yield envelope provides a slightly
conservative fit to the data from CFD analysis.
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Mobile Jack-Up Drilling Rigs
The research activity on mobile jack-up drilling rigs intensified
in 2009 and addressed a number of aspects of current
interest, covering all phases of jack-up deployment. This
ranges from a novel foundation option that aims at enabling
the use of this type of platform in deeper waters to removal
of the platform from site – and indeed re-installation at a
previously visited site.

Hybrid footings
Christophe Gaudin, Britta Bienen and Mark Cassidy
continued collaboration with Okky Purwana, Matthew Quah
and Henry Krisdani of Keppel Offshore & Marine Pte Ltd
under the ARC Linkage Project on the development of a
novel hybrid foundation system for offshore platforms. Initial
centrifuge experiments focussed on the increase in vertical
bearing capacity of flat and skirted footings following various
degrees of consolidation at varying preload values (Figure
92). A series of tests employing models of the footings, were
analysed using Particle Image Velocimetry (PIV) techniques
to visualise the change in size and shape of the failure
mechanism associated with the increase in effective stresses
in the soil following consolidation.

Figure 93: Penetration responses of spudcan on loose sand
overlying clay.

To mitigate the punch through hazard of spudcans in
strong over weak soil layers skirted footings with skirt
height preferably close to or larger than the upper strong
soil layer thickness were used to replace the spudcans.
The penetration responses of spudcan and skirted footings
on strong overlying weak clays were investigated by LDFE
analyses by Long Yu and final year student Chad Ramadan.
Another soil profile of sand overlying clay was investigated
using both centrifuge tests and LDFE analyses. The
centrifuge tests were conducted by final year student Arjun
Kumar. Figure 94 illustrates the penetration profiles of skirted
footings with various skirt heights on double layered clays.

Figure 92: Increase in bearing pressure after (partial)
consolidation.

Punch-through and mitigation measures
Long Yu and Yuxia Hu have been investigating the punchthrough failure problem of jack-up platforms foundations. The
penetration process of a spudcan foundation on loose sand
overlying clay was simulated using the large deformation finite
element method (LDFE). Comparison of numerical results with
existing experimental data shows that the Mohr-Coulomb
yield criteria simulates well the behaviour of loose sand,
where the strain softening of the sand layer is not significant.
Some selected spudcan penetration resistance profiles are
shown in Figure 93. It was concluded that the punch-through
risk increases with increasing top sand layer friction angle,
increasing top sand layer thickness, and decreasing the shear
strength of the underlying clay.
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Figure 94: Effect of the skirt height on the penetration
response of skirted footings on double layered clays.

The smooth skirt makes the soil flow distribute mainly in
the underlying clay and reduces the contribution of the top
stronger layer to the total bearing capacity. It was found in
these studies that the risk of punch-failure of spudcans can
be reduced significantly by using skirted footings. However,
this comes with the cost of reduced peak bearing resistance
of the foundation.
In 2008, Shazzad Hossain, Mark Cassidy, Davene Daley
(Visitor from Vassar College, USA) and Ryan Hannan
(Honours student) initiated an investigation on perforation
drilling to mitigate punch-through risk in layered clays at 1g.
This year, Shazzad Hossain and Mark Randolph employed
the previous year’s experience in centrifuge modelling with
the help of Honours student Yvette Saunier. In order to
drill holes by means of water jetting, a purpose designed
apparatus, referred to as ‘the shower head’, was fabricated
by fitting tubes around the periphery of a spudcan, as shown
in Figure 95(a). Perforation operations were conducted by
drilling 2 mm diameter holes extending over an annulus
of internal diameter 0.9D and external diameter 1.2D. It
was shown that the potential punch-through or rapid leg
penetration is entirely eliminated, as demonstrated in Figure
95(b). The peak bearing capacity was reduced by 25~32%,
which in turn generated ‘spudcan on single layer’ behaviour
with monotonically rising load-penetration response.

(a)

(b)
Figure 95:(a) Perforation drilling using the ‘shower head’ (b)
Spudcan load-penetration response: pre- vs post- perforation.
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Spudcan on multi-layered soils

Combined bearing capacity of a spudcan

Oil and gas exploration is gradually progressing in to deeper,
untested environments with more complex seabed soil
conditions and highly layered strata. Shazzad Hossain, Mark
Randolph and Yvette Saunier (Honours student) explored the
deep penetration of spudcan foundations in multi-layered
soils with interbedded stiff clay or sand layers. A novel
technique was developed to prepare multi-layered samples
in the drum centrifuge (see Figure 96a). The experimental
program successfully produced strength profiles mimicking
those reported from multi-layered sediments in the field,
particularly where ‘punch-through’ failure occurred, with
similar normalised layer soil properties and geometry.
Punch-through and rapid leg penetration (for strong-overweak) and squeezing (for the reverse) were demonstrated
by the penetration resistance profiles (see Figure 96b) and
formed the basis for developing design calculations. The
results were compared directly with field records of spudcan
load-penetration response to evaluate their accuracy in
predicting the shape of the spudcan resistance profile and
final penetration depths. Excellent agreement between the
field and laboratory test data was obtained.

Youhu Zhang, under the supervision of Britta Bienen, Mark
Cassidy and Susan Gourvenec, studied the combined
bearing capacity of a fully buried spudcan footing under
general loading by means of small strain finite element
analyses. This was an initial effort to build up a force resultant
plasticity footing model appropriate for spudcans in soft clay
deposits where significant or complete backflow is expected
during jack-up installation. The effect of embedment depth
on the footing’s failure mechanisms and thus bearing
capacity is explored. Figure 97(a) shows the change of the
footing’s normalised peak horizontal (h0 = H0/Vult) and moment
capacity (m0 = M0/DVult) with embedment ratio (z/D). Figure
97(b) shows the footing’s failure envelopes in the HM (V = 0)
plane at different embedment ratios. It can be seen that the
yield locus expands with increasing embedment, while the
eccentricity of the envelope reduces.
The effect of the spudcan’s shape on its bearing capacity
was also studied. Figure 99 illustrates the comparison of
the mechanisms between the spudcan and two flat circular
footings for Vult.
An experimental program is currently under preparation to
validate the numerical results and further explore additional
aspects of spudcan behaviour necessary to build up the
footing model.

(a)
(a)

(b)
Figure 97(a) Multi-layered test specimen and shear strength
profile from T-bar test (b) Spudcan load-penetration response
and recorded field data.
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(b)
Figure 97: (a) Change of h0 and m0 with z/D (b) Failure envelopes
in the HM (V = 0) plane at different embedments.

Six degree-of-freedom force-resultant modelling
In 2008 Britta Bienen, in collaboration with visitors Nick
Bennett and Brett McKiernan from NorthEastern University,
performed experiments on flat circular and spudcan footings
subject to combinations of vertical and torsional loading.
The experimental results were further analysed and used to
validate a force-resultant model for shallow footings in clay
previously proposed by a research group at Oxford University.

Spudcan jetting

(a)

Britta Bienen, Christophe Gaudin and Mark Cassidy
continued investigation of the extraction of spudcan footings
that were deeply penetrated into soft clay. A parametric
study of displacement-controlled centrifuge experiments was
carried out for a model spudcan extracted from up to 1.5
diameter embedment with the aid of a water jetting system.
The experimental results were utilised in the development of
a conceptual framework for jetted spudcan extraction (Figure
99). The results of a series of load-controlled tests, similar to
the extraction procedure offshore, could be tied to the same
conceptual framework, confirming its applicability in the field.
The model allows determination of the required water flow
rate for jetting at the spudcan base.

(b)

(c)
Figure 98: Comparison of ultimate vertical mechanisms between
spudcan (a and b) and flat circular footings (c).

Figure 99: Conceptual framework of spudcan extraction with the
aid of water jetting.
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Jack-up Reinstallation near Existing Spudcan
Footprint
Large footprints often remain on the sea-bed after the
spudcan footings of offshore mobile jack-up platforms have
been removed. In soft clays, they can be in excess of 10 m
deep and wide, with large variations in soil strengths below
the surface. Reinstallation close to these footprints is often
necessary, but is extremely hazardous due to the large
horizontal and moment loads induced on the spudcans and
subsequently on the jack-up legs. This problem has caused a
number of failures and near miss incidents in the past.
Upon completion of the first set of centrifuge modelling tests
in 2008 investigating the effect of footprint geometry on the
response of Jack-up reinstallation near existing spudcan
footprints, Vickie Kong (supervised by Mark Cassidy and
Christophe Gaudin) conducted a set of Particle Image
Velocimetry (PIV) tests to investigate the failure mechanism
in detail. Figure 100 shows an example of a digital image
captured during penetration of a half footing at one times the
footing diameter (1.0D) offset from the footprint cavity.

Figure 100: Digital images of half-footing penetration at 1.0D from
footprint cavity.

The digital images were then analysed using PIV to determine
the displacement vector field. Figure 101 shows the change
in failure mechanism with penetration depth and the results
are interpreted with reference to the vertical force (V),
horizontal force (H) and moment (M) recorded from the first
set of centrifuge results.
Results demonstrated that the asymmetrical failure
mechanism generated during penetration results in the
development of a horizontal force and a bending moment
within the spudcan leg. These forces reduce in amplitude as
the footing penetrates deeper and as the flow becomes more
symmetrical.
Further quantitative analysis of the PIV test results is
currently being carried out. A novel actuator that allows three
degrees of freedom movement is being developed to enable
simulation of different leg-hull connection stiffness values and
even the stiffness of the remaining hull and two jack-up legs.
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Figure 101: Displacement vector from PIV analysis (units in mm).

Installation of Subsea Modules
Fixed and Subsea Platforms
Over the past decades thousands of fixed offshore platforms
have been installed on continental shelves around the
world. Most of these existing platforms now need to be
reassessed for various reasons such as damaged members
or extension of service life time. Because of serious limitations
on strengthening or comprehensive renovations of the
existing platforms, ultimate capacity of these offshore facilities
should be assessed using reliable and accurate methods.
These days, offshore hydrocarbon developments are being
extended into deeper waters where safe installation of subsea
facilities has become increasingly important around the world.
Installation of offshore platforms has always been a major
issue in offshore engineering. In the last couple of years,
COFS has devoted increasing attention to non-geotechnical
issues such as the installation of offshore facilities and the
reliability of existing platforms.

offshore piles under cyclic loadings, it was shown that soil
strength degradation, which is usually neglected in ultimate
strength analysis of pile supported platforms, can lead to
significant changes in pile internal forces (Figure 103).

Figure 102: Soil hysteretic behaviour in CPSI model.

Dynamic Ultimate Strength Analysis of Fixed
Offshore Platforms
Fixed steel platforms are one of the most common structural
systems used for oil and gas development. Many of these
platforms need to be reassessed for various reasons such as
damaged members or installation of new equipment on deck.
To assess the structural integrity of existing platforms or even
design of new platforms in reliability based design methods,
ultimate capacity of these structures must be calculated
on which structural behaviour of supported piles plays a
significant role. Mehrdad Kimiaei continued research into
ultimate strength analysis of fixed platforms under extreme
environmental loadings. His research developed robust
models for cyclic pile-soil interaction behaviour and more
accurate techniques for pushover analysis.
Mohammad M. Memarpour (visiting PhD student from Iran
University of Science and Technology), under supervision of
Mehrdad Kimiaei, started working on a new simplified model
for cyclic pile soil interaction behaviour. This model will be
used in ultimate strength analysis of fixed offshore platforms.
In this study, a new robust BNWF (Beam on Nonlinear
Winkler Foundation) model, now named CPSI (Cyclic Pile
Soil Interaction), was developed based on previous works
by Boulanger. This model is able to capture soil elastoplastic
behaviour, soil strength degradation, gapping, and drag
forces on offshore piles under cyclic loading. Soil hysteretic
behaviour, which can be modelled by the CPSI, is illustrated
in Figure 102. This model has recently been implemented
in a user defined element of the ABAQUS software and can
easily be implemented in comprehensive models for ultimate
strength analysis of fixed offshore platforms in future. In a
series of numerical simulations for response analysis of single

Figure 103: Comparing results of CPSI and Boulanger model
for a single offshore pile.
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Kedar Kale (Masters student) and Mehrdad Kimiaei are
working on dynamic pushover analysis of fixed offshore
platforms. The Reserve Strength Ratio (RSR) is defined as
the ability of a structure to resist excess loads to the design
values. This value is usually determined by applying the
maximum load from an extreme event and performing a
so-called “pushover” analysis. For fixed offshore platforms,
quasi-static push over analysis is usually used for evaluation
of the maximum quasi-static load that the structure can
withstand. For an extreme storm, the environmental loadings
imparted by waves traversing the structure are dynamic, and
hence it would be more efficient if platform assessments
utilised dynamic response analysis. In this study a new
approach for dynamic pushover analysis, based on previous
works by Mohammad M. Memarpour and Mehrdad Kimiaei,
is used for determination of dynamic RSR in different offshore
platforms.
The model used for dynamic ultimate strength analysis of a
typical fixed offshore platform is shown in Figure 104. Results
of pushover analysis carried out for typical fixed platforms in
relatively shallow waters (less than 100 m) show that dynamic
RSR is always less than static RSR (Figures 105). This
implies that static pushover analysis, which is used widely in
the offshore industry, will not always lead to a conservative
estimation of the ultimate capacity for fixed platforms. The
sensitivity of dynamic RSRs to the structural characteristics
of platforms (time gap effects, relative velocity and different
boundary conditions) will be investigated during this study.

Figure 104: Numerical model for dynamic ultimate strength
analysis of a typical fixed platform.

Figure 105: Reserve Strength Ratio for fixed supports.
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Numerical Models for Installation of Subsea
Modules
Installation has always been a major issue in engineering
of offshore platforms. Deployment of subsea platforms
represents one of the highest risk activities in subsea
engineering and that is why it has acquired increasing
importance these days.
Mehrdad Kimiaei pursued his previous work on numerical
models for installation of subsea modules using the
Conventional Installation Method (CIM) and the Pendulous
Installation Method (PIM).
Xu Jiajing and He Yu (Masters students) continued working
on CIM for deployment of subsea platforms under the
supervision of Mehrdad Kimiaei. In this study, results of a
numerical model for conventional installation of a planar
subsea frame (Figure 106), previously developed at COFS
using Orcaflex software, were compared with offshore
industry guidelines (DNV1996 and DNV2008). It was shown
that DNV1996 and numerical Orcaflex models always lead to
the most and the least conservative Dynamic Amplification
Factor (DNF) results respectively. DNV2008 guidelines provide
closer results to numerical models than the DNV1996 (Figure
107). Results of this study were published in OMAE 2009
conference proceedings, Hawaii, USA.

Figure 107: Comparing DAF results of numerical model and
DNV guidelines.

subsea platforms using DNV guidelines. Effects of slamming
forces, snap loads, winch speeds, and stiffnesses of different
components, as well as dynamic motions of the floating
vessel can be easily examined by this code. Integrity of the
rigging items in different phases of the installation can also be
checked using this program.
Mark Mithran (Masters student) under the supervision of
Mehrdad Kimiaei conducted a series of sensitivity analyses
to investigate the effects of different wave spectrums,
winch speeds, subsea frame dimensions and wave time
origins on dynamically amplified loads during conventional
installation operations. It was concluded that winch speeds
have significant effects on selection criteria for critical wave
type and the critical wave time origin as well (Figure 108). A
comprehensive Orcaflex model was also developed in this
study in which different hydrodynamic forces being applied
on subsea modules (drag, inertia, buoyancy and slamming
forces) can be checked separately.

Figure 106: Orcaflex model for installation of a subsea frame.

Hemlata Wadhwa (PhD student), Mehrdad Kimiaei and Krish
Thiagarajan (WAERA, Facilities Research Program Leader)
completed previous works for WEL (Woodside Energy Ltd)
on the development of a computer program for installation of
subsea modules. This program is in a user friendly format and
is able to calculate maximum applied dynamic hook load on

Figure 108: DAF results for winch speed of 0.4 m/s.
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Rock Mechanics
Negative friction’ and rock superbrittleness at
great depth – new paradoxical concepts in rock
mechanics
Shear is the only form of large scale rock mass failure
at depth and in laboratory specimens under triaxial
compression. Increasing friction in the shear rupture zone and
decreasing rock brittleness under the effect of rising confining
pressure (s3) represent basic rock properties in modern
rock mechanics. These rock properties are confirmed by
innumerable experimental studies and practice. However,
analysis of available experimental data obtained on hard
rocks reveal a paradox associated with rock failure at great
depth (earthquakes, rockbursts). New results obtained
by Boris Tarasov and Mark Randolph in the COFS rock
mechanics laboratory show that the mentioned properties
are only typical for relatively soft rocks. Hard rock behaviour
is substantially different and practically unexplored due to
technical problems associated with rupture control at stress
conditions corresponding to great depths.

Experimental and theoretical studies conducted in the COFS
rock mechanics laboratory (Figure 109) showed that hard
rocks tested at highly confined compression dramatically
increase their brittleness with rising confining pressure s3
(depth) due to a specific shear rupture mechanism activated
at these conditions (Figure 110). The efficiency of this
mechanism is a function of rock hardness and confining
pressure. In most hard rocks this mechanism can create
transient negative shear resistance – referred to as ‘negative
friction’ – which makes rocks superbrittle and their failure
abnormally violent. Rupture energy at these conditions
becomes vanishingly small. Estimations made for the
Westerly Granite showed that this rock becomes superbrittle
within the pressure range from s3min(sup) ≈ 120 MPa to s3max(sup)
≈ 600 MPa which corresponds to depth range ~ 4 and ~
20 km with maximum brittleness at about 8-10 km. These
estimations support the interpretations that the seismogenic
zone in the earth crust is represented by rocks that exhibit
previously-unknown properties – superbrittleness – and
therefore that earthquake hypocentre distributions are a
function of rock brittleness variation within this zone.
The new concept advances our knowledge about hard rock
properties at great depth and mechanisms of deep seated
dynamic events (earthquakes and shear rupture rockbursts).
The new approach is drawing interest among rock mechanics
and earthquake specialists. Boris’s presentations made in
2009 at the GeoForshungsZentrum (Potsdam, Germany)
and the Institute of Physics of the Earth (Russian Academy
of Science) initiated very interesting discussions. German
colleagues invited Boris to visit them again in 2010 to
discuss this subject further and conduct some collaborative
experiments to study these new ideas.

(a)

(b)

Figure 109: Boris Tarasov in front of the super stiff triaxial
testing apparatus designed by him.

Figure 110: Shear rupture mechanisms: (a) common frictional
model; and (b) new frictionless concept.
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Social and Awards pages

Awards
AGS Young Geotechnical Professionals’ Evening
Seminar and the 8th Dr Baden Clegg Award
The Australian Geomechanics Society’s Young Geotechnical
Professionals’ Evening Seminar was held on 14 July 2009,
with Britta Bienen one of the three young engineers selected
to present and compete for the 8th Dr Baden Clegg Award.

Author of the Year Award, 2008
During 2009, Noel Boylan (Figure 112) was awarded the
Young Author of the Year Award for 2008 from the Quarterly
Journal of Engineering Geology and Hydrogeology for his
paper ‘Peat slope failure in Ireland’ with co-authors Paul
Jennings and Michael Long.

Also on this occasion, Dr Xiangtao Xu was presented with
the Australian Geomechanics Society’s Trollope Award, for a
recent paper published in Geotechnique. The Trollope Medal
is awarded to the author of an outstanding paper on either
theoretical or applied geomechanics. The work reported
in the paper must have been undertaken in Australia by an
author under 35 years of age and can have been published
anywhere in the world in the previous four years. Xiangtao
completed her PhD at COFS in 2007, supervised by Prof.
Barry Lehane, on the subject of pile base capacity in sand.

Australian Academy of Science Anton Hales Medal
David White (Figure 111) was awarded the 2010 Anton Hales
Medal by the Australian Academy of Sciences. This award is
to recognise distinguished research in the Earth Sciences and
is awarded to researchers under 40 years of age. It honours
the late Professor Anton L Hales, FAA.

Figure 112: Noel obtaining samples from a peat slope failure in
Western Ireland.

UWA Research Development Awards
2009 was a very successful year, with three COFS Early
Career Academics securing UWA Research Development
Awards:
• Britta Bienen, “A load capacity model for the foundations of
mobile offshore platforms on clay relevant to the offshore
industry”, $29,355.
• Noel Boylan, “Penetrometer based design for offshore
jack-up rig foundations”, $21,000.
• Shazzad Hossain, “Innovative Mechanism-Based Design
Approach and Mitigative Perforation Drilling for Safe
Installation of Jack-Up Spudcan Foundations in Complex
Multi-Layered Soils”, $29,949.

Figure 111: “Distinguished Research in the Earth Sciences”.
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City to Surf
The City of Perth shut down on the 30th of August for the
annual City to Surf run, which takes runners from St George’s
Terrace in the city to the water at City Beach. With almost
40,000 competitors the 2009 race was the largest to date
and one of the biggest community events in Australia.
For 2009, a joint COFS/Civil team of Noel Boylan, Daniela
Ciancio, Susan Gourvenec and Bart Thompson took part
in the 12 km run. After a gruelling training program for the
race and with their aerodynamic UWA t-shirts, the team was
expecting to be ‘up there with the best of them’. With all
members achieving their personal targets, the team finished
impressively in the top 26% of athletes in the 12 km race.
After collecting their medals and scavenging as much liquid
and food available at City Beach, the team retired to Kings
Park with family and friends for a well deserved BBQ.

Soccer Match
The 2009 soccer encounter between Civil and COFS was the
third of its kind and was, as always, eagerly anticipated by
the usual suspects.

Figure 113: Noel (not very Sunsmart!) heading for the line
at City Beach.

For Civil, it was their chance to go ahead 2-1 on the ledger
with a convincing victory, with what was well recognised as a
star studded line up.
After much debate, the date of the game was agreed and
COFS put together their best team.
After the usual banter, the game got off to a nervous start
with Don Herley as referee. This in itself was enough to upset
some of our Civil colleagues. This was not helped when
COFS went ahead in the early part of the first half with a great
break from COFS U.S. import Jonathan Thibault.The lead
was then extended on the stroke of half time by a speculative
long ball from the COFS defence which caused all sorts of
mayhem in the Civil goal mouth (Jimmy wasn’t to blame).

Figure 114: COFS Soccer Team.

As the second half began with COFS up 2-0, Civil came out
all guns blazing, and after several attempts James Doherty
broke the defense with a shot just outside the goal mouth.
If it wasn’t for Mehrdad Kimiaei’s goal-keeping up to this
point, COFS would have conceded much earlier. It wasn’t
long before Civil drew level and the momentum was theirs.
A mystery Civil student who arrived at half-time scored the
winning goal.
As always we look forward to leveling the series and after a
couple of great performances by a few new players last year,
we live in hope for 2010.
We thank all of those who were involved on and off the pitch.
Figure 115: Civil Soccer Team.
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The 2009 CRE/COFS Softball Match
With the summer sun beating down through the bluest of
Perth skies onto the UWA campus, members of COFS and
CRE took the field in the end of year softball match between
the Civil ‘Actions’ and the ‘Smokin’ COFS.
Even before hostilities began there were injuries to plague
both teams.
The first was a ball struck by Don directly back to the pitcher,
Daniel, who simply couldn’t get out of the way and a bruised
left shin was the result. Then, as if in sympathy, Zack’s
mistimed hit struck himself in the left shin. So before the coin
toss the esky was invaded, not for beer, but for ice.
The two captains, Jim and Jonathan met with match referee,
Bart, to affect the coin toss. This was won by Jonathan of the
‘Smokin’ COFS.
It was the ‘Smokin’ COFS who were out of the blocks early
with consistent first and second innings both at bat and in the
field. During this period both Zack and Ivan found the roof of
the Wilsmore Lecture Theatre.
Zack and Indranil were pitching skillfully at this point and led
the infield to some critical early outs.
As for the other U.S. imports, Captain Jonathan was
particularly influential during the first two innings, both with
bat and in the field. However his American counterpart, in
the form of Dana, began to find good form at third base as
the game progressed. Dana played her part in the dynamic
sixth innings with three base hits as did Barry (run 3rd to 2nd)
Lehane, Liang, Don and the injured Daniel. Barry’s generous
advice to referee Bart, though falling on deaf ears, seemed to
lift his own game out of the doldrums.
Matt Hodder’s batting and fielding came under notice
throughout as he, at times, goaded his opponent from right
field. His main target was Daniel after he’d caught him twice
in the deep.
Jim captained the Civil ‘Actions’ astutely to make pitching
changes and field placements effectively drying up the runs of
the ‘Smokin’ COFS and this defensive mindset brought about
pressure that kept his opponents to one run in their last three
innings. It would be lax not to mention the particularly solid
catching display by An-Jui during this change of balance of
the game.
If you thought the players weren’t out there to win then you
needed to witness the first base out of Don by the brave Lisa
as she stood her ground when the lumbering, unidirectional
juggernaut, Herley, struck her like the Indian Pacific. The
resultant carnage took some time to regain an upright stature
only to receive his marching orders from the umpire as he
had no doubt that Lisa had affected the most spectacular out

Figure 116: COFS & Civil Teams.

of the day. Fortunately this did not escalate into a ‘tit for tat’
skirmish.
Ivan “Coptwunindanuts” Kenny had to take a few deep
breaths after receiving a low blow behind the plate however
his most embarrassing phase of the match was being
dragged from the mound in the now infamous sixth inning.
He conceded excessive runs to allow the ‘Actions’ to gain an
unassailable lead. He did, however, rebound with the only run
scoring hit of the ‘Smokin’ COFS last innings.
Play of the Day also came in the deluge that was the sixth
inning. With the bases loaded Aaron came to bat and struck
a ball cleanly and firmly sending it sailing directly onto the roof
of the Wilsmore Lecture Theatre where it remained until he
himself retrieved it at the completion of the game. This was
the only ‘Grand Slam’ of the day. The sixth inning by the Civil
‘Actions’ yielded no less than 25 runs.
With much back slapping and the shaking of hands all
round, the elite sportspersons headed to the BBQ and esky
(well mostly the esky) to relax and talk over the afternoon’s
frivolities.
The players were fortunate to have the ‘well hydrated’ Dawn
hovering over the scoresheet throughout the game. Dawn,
who hails from Canada, recorded accurate and unblemished
work ensuring there would be no post game arguments, at
least over the score.
The aroma of BBQ snags and fried onions along with
the ‘clink’ of cold beers set about relaxing the worn out
combatants in the only way Australians know how.
The game was played in good spirit ensuring a rematch in
2010.
Final scores:
Civil ‘Actions’
‘Smokin’ COFS

39
23
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Belem, T., A.B. Fourie and M. Fahey (2010), Time-dependant
failure criteria for cemented paste backfill. 13th International
Seminar on Paste and Thickened Tailings (Paste 2010),
Toronto, Canada, submitted.
Bienen, B. (2010), Predicting the load-displacement
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The strength of fine-grained soils at the solid-fluid transition,
Géotechnique, in review June 2009.
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Boylan, N., C. Gaudin, D.J. White and M.F. Randolph (2010),
Modelling of submarine slides in a geotechnical centrifuge.
7th International Conference on Physical Modelling in
Geotechnics (ICPMG 2010), Zurich, Switzerland, accepted.
Cassidy, M.J., G. Vlahos and M.S. Hodder (2010), Assessing
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research into the stability of pipelines on unstable seabeds.
Offshore Pipeline Technology Conference, Amsterdam, The
Netherlands, in review.
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Deeks, A.D. and D.J. White (2010), The use of a wireless
data acquisition system for monitoring rotary pile jacking
(‘Gyropiling’) in the centrifuge. 7th International Conference
on Physical Modelling in Geotechnics (ICPMG 2010), Zurich,
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Erbrich, C.T., M.P. O’Neill, P. Clancy and M.F. Randolph
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Gaudin, C., M. Simkin, D.J. White and C. O’Loughlin (2010),
Experimental investigation into the influence of keying flaps on
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Gaudin, C., B. Bienen and M.J. Cassidy (?), Investigation
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Govoni, L., S. Gourvenec, and G. Gottardi (?), Centrifuge
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Financial Report

STATEMENT OF FUNDING AND EXPENDITURE
for the year ended 31 December 2009
FUNDING
Commonwealth Government Funds
Research Quantum

$750,290.19

ARC Grants

$853,298.00

CSIRO Flagship Collaboration Fund

$478,829.39

$2,082,417.58

State Government

$514,459.07

Host Institution Support

$493,152.67

Industry/Private Funds

$2,837,695.06

Other Funds

$197,638.93

TOTAL funding

$6,125,363.31

EXPENDITURE
Salaries
Academic Staff

$2,427,461.84

Non-Academic Staff

$1,299,888.75

Scholarships and Scholarship Supplements
Equipment
Travel & Conference Expenses
Consumables
Other Expenses
TOTAL EXPENDITURE

OPERATING RESULT

74

$241,289.92

$3,968,640.51
$1,276,381.01
$447,009.07
$15,162.01
$294,242.97
$6,001,435.57

$123,927.74

COMMONWEALTH GOVERNMENT FUNDS
Department of Education and Training
Operating Grant – Research Quantum
Australian Postgraduate Awards*

$750,290.19
$35,050.47

$785,340.66

ARC Programs
Cheng, White & Randolph – On Bottom Stability of Large Diameter Submarine Pipelines
LP0989936

$102,025.00

Gaudin – Follower embedded plate anchors to underpin economic development in ultra
deep water DP0771348

$53,086.00

Gaudin & Cassidy – A Novel Foundation to Extend the Operation of Mobile Structures
into Deeper Water LP0989433

$51,012.00

Gourvenec & Randolph – Shallow Foundation Solutions for Offshore Oil and Gas
Facilities DP0988904

$181,605.00

Randolph – Federation Fellowship – Geotechnical Engineering Solutions for Deep Water
Oil & Gas Development FF0561473

$335,742.00

Randolph – Application of field penetrometer data to offshore geotechnical design in
deep water DP0665958

$129,828.00

$853,298.00

CSIRO Flagship Cluster
Cassidy, Randolph, Cheng, Gaudin, White, Hao, et al – Subsea Pipelines for Reliable
and Environmentally Safe Development of Ocean Hydrocarbon Resources

$478,829.39

STATE GOVERNMENT FUNDS
Department of Commerce – Centre of Excellence
MERIWA – Modelling of Submarine Landslides and Their Impact on Pipelines
WA Energy Research Alliance – Marine Geohazards

$308,285.00
$28,661.92
$113,305.97

WA Energy Research Alliance – Postgraduate Scholarships

$39,610.00

WA Energy Research Alliance – Subsea Gas Processing

$24,596.18

$514,459.07

HOST INSTITUTION SUPPORT
In Kind Salary Support*

$337,810.85

University Postgraduate Awards*

$420,386.91

Research Matching Funds

$379,482.51

Salary Supplementation

$100,670.16

Discretionary Income

$4,500.00

Travel Awards

$8,500.00

PROJECT AND INDUSTRY SUPPORT**
OTHER FUNDS
TOTAL FUNDING

$1,251,350.43
$2,837,695.06
$197,638.93
$6,918,611.54

* Denotes notional funds
** See page 76
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We wish to thank the following companies for their
support in 2009:
• Advanced Geomechanics
• Woodside Energy
• BP
• Dalian University of Technology
• BHP Billiton Petroleum
• Chevron
• Petrobras
• Shell Development
• Fugro
• Iluka Resources
• Worley Parsons
• Institute of Technology Sligo
• Total S.A. France
• Keppel Offshore & Marine Singapore
• Curtin University of Technology
• ARUP
• Coffey Geotechnics
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Mission Statement
The Centre will carry out fundamental and applied research at an internationally recognised standard of
excellence in the areas of the mechanics of seabed sediments, offshore foundations systems, pipeline
and deepwater offshore engineering and geohazards, and use its expertise to service the offshore
petroleum industry at a national and international level.

Research Goals
The principal research aims of the Centre are to identify the key micro-structural response of natural;
seabed sediments and to establish quantitative links between that response and the performance of
foundations systems. The Centre will:
• identify the key mechanisms at a micro-structural level that dictate critical aspects of behaviour,
and quantify that behaviour within numerical models that capture development of damage or
volume collapse under cyclic loading;
• evolve conceptual models for the calculation of foundation performance under monotonic and
cyclic loading, and develop unified finite element treatment of the effects of cyclic loading on
foundation systems – eventually for three dimensional geometries;
• develop coupled fluid-structure-soil models for problems such as scour, pipeline and steel
catenary riser response, and performance of jack-up rigs; and
• establish a design framework for optimising the choice of foundation system, taking account of
risk factors.

Service Goals
To be recognised internationally for provision of advice and specialist modelling services to the offshore
petroleum industry and to provide a core of people with internationally recognised expertise in the area
of offshore foundation systems through PhD programs and post-doctoral training.

Teaching Goals
To provide stimulating atmosphere that will attract the highest quality research students at Honours
and Postgraduate level, to ensure excellent academic and technical support of their studies and to
help develop the specialist offshore consultancy profession in Australia.

Financial Goals
To attract sufficient research funding from industry and research grants, to remain self-sufficient and
to achieve the research, service and teaching goals of the Centre.
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