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Mission statement
The Centre will carry out fundamental research at an internationally recognised standard of
excellence in the areas of the mechanics of seabed sediments, offshore geohazards and of
offshore foundation and engineering systems. It will use its expertise to service the offshore
petroleum and renewable energy industries at both a national and international level.

Goals
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 foundation systems
and offshore infrastructure. The goals in our key research
areas are:

• Offshore sediments: To identify the key mechanisms
at a micro-structural level that dictate critical aspects
of behaviour, and quantify that behaviour scientifically
sound models that capture key features of seabed
sediments behaviour.

• Offshore geohazards and seabed mobility: To analyse
and quantify risks to offshore infrastructure due
to geotechnical hazards and to establish a design
framework for optimising the choice of foundation
and subsea engineering systems, taking account of
risk factors.

• Offshore foundations systems: To develop conceptual
models for the calculation of foundation performance,
accounting for the specificity of environmental, and to
encapsulate these models into unified design methods.

• Offshore engineering: To develop coupled fluid
structure-soil models for problems such as multifooted platforms, scour, pipeline response, deep
water riser and moored systems, as well as emerging
renewable energy systems.

• Numerical modelling technology: To develop the
innovative computational techniques and tools
necessary to model offshore infrastructure, with
a focus on developing computational algorithms
capturing multiphase sediment response,
consolidation and strain rate effects in large
deformation problems.

• Physical modelling technology: To develop innovative
physical modelling techniques that deliver research
needs relevant to the complexity of offshore sediments
behaviour and offshore soil structure interaction.

• Georisk: Develop stochastic analysis techniques to
account for natural variability of sediments properties
and environmental loadings in the quantifying of risk to
offshore foundations and infrastructure.
In addition to the above research aims, there are a number
of broader goals that the Centre strives for:

Service goals
to be recognised internationally for provision of advice
and specialist modelling services to the offshore
petroleum and renewable energy industry and to
provide a core of people with internationally recognised
expertise in the area of offshore foundation systems,
geohazards and engineering through PhD programs
and post‑doctoral training.

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

Financial goal
to attract sufficient research funding from industry
and other research grants, to remain self-sufficient and
to achieve the research, service and teaching goals of
the Centre.
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Director’s Report
The Australian Prime Ministership has been
a revolving door in recent history. Our latest
coronation has every galah in every pet shop
talking research, innovation and industryuniversity partnerships. Although detailing our
contribution to Australia’s offshore industry has
been a consistent theme of the COFS Director
report, I join the chorus with this update.
In 2015 COFS’ academics:
• were funded by 25 companies;
• contributed to drafting of four international
design guidelines;
• consulted on Australia’s multi-billion dollar
developments including Prelude, Wheatstone and
Browse, and on other projects in the Gulf of Mexico, the
North Sea and across South East Asia;
• conducted laboratory testing and centrifuge modelling
on pipelines, anchors, mooring chains and novel near
surface characterisation tools;
• developed software and provided new design methods,
• published 70 Journal and 49 international conference
papers; and
• delivered short-courses and graduate training directly
for industry.

COFS now hosts three Professorial Chairs funded through
Fugro, Shell and the Lloyd’s Register Foundation. These
partnerships are proving a rapid conduit for our research
outcomes, informing our research strategy and providing
a platform for industrial mentorship for our PhD students.
Industrial sabbaticals, such as Susan Gourvenec’s at
Fugro AG in Quarter 4 2015, are innovative practices we
are pursuing to embed COFS’ research outputs and inform
future research aligned with industry needs. We appreciate
all of these engagements with details provided as special
features of this annual report.
Our industry engagement was strengthened in May when
the Australian Research Council (ARC) announced we will
host the 5-year ARC Industrial Transformation Research
Hub for Offshore Floating Facilities (ITRH OFF). Equally
funded by the ARC and industry partners Shell, Woodside,
Lloyd’s Register and Bureau Veritas, the ITRH OFF will
improve the safety and cost efficiency of our future floating
developments through integrated geotechnical, structural,
hydrodynamic and oceanographic research. Enclosed in this
report are further details from Hub Director David White and
Hub Manager Andrew Grime (whom we welcomed back to
UWA from Arup). Also keep updated @OFFshorehub.
2015 also saw increased partnership with Perth’s wave
energy community. Major ARC Linkage and collaborative
Australian Renewable Energy Agency (ARENA) grants were
secured with Carnegie Wave Energy – the operators of
three 240 kW devices off Garden Island, Western Australia.
We look forward to researching the optimisation of their
next-generation 1MW CETO6 turbines and different
anchoring options.
A highlight of 2015 was the highly successful 4th Lloyd’s
Register Foundation Oration, Australia. This year’s orator the
Shell EMI Professor of Offshore Structures Professor Mike
Efthymiou updated over 160 attendees on the construction
progress and challenges of Australia’s first floating LNG
development, the Prelude project. The LRF Oration has
become a social highlight in our calendar. Again this year we
enjoyed the delights of canapes, a cold beer (or two) and a
balmy summer sunset in a pre-Christmas get together after
the lecture. Thanks to all who attended and to our co-host
Jeff Baker from Lloyd’s Register.
COFS continues as a leading contributor to the Australian
Research Council (ARC) Centre of Excellence for
Geotechnical Science and Engineering (CGSE), working with
colleagues at the Universities of Newcastle and Wollongong.
The CGSE’s innovative research programs in Geomaterial
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Science, Multiphysics Modelling, Moving Boundaries and
GeoRisk produced an astonishing 302 technical journal
and conference papers in 2015 and we now have 125 PhD
students enrolled across the three nodes. We hosted
the 5th annual CGSE conference in the West at Bunker
Bay in Margaret River. With over 120 attendees it proved
another stimulating chance to present our latest research
outcomes and to build collaborative plans. The workshop
included a highly successful 3-minute thesis competition
amongst the PhD students. We also took the opportunity
to plan more field trials at our Ballina soft-clay testing site.
An international prediction competition on the Ballina
trial embankments and shallow foundations is currently
open, with results to be presented at a Symposium in Fort
Scratchley, Newcastle in September 2016. See you there!
The many achievements of COFS’ academics continue to
be recognised both within UWA and internationally. David
White received the (possibly unprecedented) honour of
being elected Fellow of both the Australian Academy of
Technology and Engineering and the UK’s Royal Academy
of Engineering in the same year. Mark Randolph was
delighted to receive an Honorary Doctorate from ETH
Zürich in a ceremony presided over by long-time COFS
supporter Professor Sarah Springman, Rector of ETH Zürich.
Wenhua Zhao and Shiaohuey Chow are congratulated for
receiving the best paper and special commendation awards
respectively at the UWA Early Career publication awards.

In 2016 we commission our 10 m diameter centrifuge and
move into the new six storey Indian Ocean Marine Research
Centre building (right next door on the UWA campus).
There has never been a better time to visit COFS and we
welcome you in 2016 to our new laboratories and offices.

Mark Cassidy
Director, Centre for Offshore Foundation Systems
Australian Research Council Laureate Fellow
Lloyd’s Register Foundation Chair of Offshore Foundations

PhD student enrolment at COFS continues to be strong as
we attract bright and energetic students from Australia
and abroad. Our students are consistently publishing in
the world leading journals and receiving international
accolades, such as Joe Tom’s OMAE Outreach for Engineers
Specialty Forum Scholarship award and Jingbin Zheng’s
ISOPE scholarship for Outstanding Students. Michael
Cocjin is also congratulated for receiving the 2015 UWA
Prize for Higher Degree by Research Achievement for
the best paper in the Physical Sciences and Engineering
discipline. We are proud of our graduating class of 2015
that is ten strong. Congratulations Anthony Blake, Pan
Hu, Omid Kohan, Xiaojun Li, Jiajie Ma, John Morton, Lucile
Queau, Amin Rismanchian, Beau Whitney and Qin Zhang
on your achievements.
I trust you will enjoy the highlights presented in our
19th Annual Report.
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Staff
Director /ARC Laureate Fellow
/Lloyd’s Register Foundation
Chair of Offshore Foundations
Deputy Director
Fugro Chair of Geotechnics
Shell EMI Chair
Professors
Professorial Fellow (Research)
Associate Professor/
Geotechnical Laboratory
Manager
Senior Lecturer/Centrifuge
Manager
Lloyd’s Register Foundation
Senior Lecturers
ARC DECRA Fellow
Senior Research Fellows
Research Fellows

Lloyd’s Register Foundation
Lecturer
Lecturer
Research Fellow
Lloyd’s Register Foundation
Research Associate

Professor Mark Cassidy

Professor Christophe
Gaudin
Professor Mark Randolph
Professor David White
Professor Mike Efthymiou
Professor Susan Gourvenec
Professor Boris Tarasov
Professor J. Antonio H.
Carraro
Dr Conleth O’Loughlin
Dr Britta Bienen
Dr Scott Draper
Dr Muhammad Shazzad
Hossain
Dr Dong Wang
Dr Yinghui Tian
Dr Nathalie Boukpeti
Dr Shiao Huey Chow
Dr Hugh Wolgamot
Dr Wenhua Zhao
Dr Jinhui (Lisa) Li
Dr Mehrdad Kimiaei
Dr Sam Stanier
Dr Xiaowei Feng

Research Associates

Business Manager
Accounts Officer
Purchasing Officer
Administrative Officer
Executive Assistant/
Administrative Officer
Administrative Assistant
Senior Engineer
Senior Technician (Soils)

Technicians (Soils)
Senior Technician (O-Tube)
Laboratory Assistant (O-Tube)
Chief Electronics Engineer
Electronics Engineer
Senior Technicians (Electronic)
Chief Technician (Centrifuges)
Senior Technician (Centrifuges)
Senior Technician (Workshop)

Dr Pan Hu
Dr Youngho Kim
Dr Xiaojun Li
Dr Jiajie Ma
Mr Jalal Mirzadeh
Dr Henning Mohr
Dr John Morton
Dr Cristina Vulpe
Dr Liang Zhao
Dr Mi Zhou
Ms Lisa Melvin
Mrs Monika
Mathyssek‑Kilburn
Mr Ivan Kenny
Mrs Monica Mackman
Ms Rochelle Gunn
Ms Dana Mammone
Dr Yaurel Guadalupe-Torres
Mrs Behnaz Abdollahzadeh
Mrs Claire Bearman
Ms Ying Guo
Mrs Usha Mani
Ms Satoko Ishigami
Mrs Masoomeh Lorestani
Mr Alex Duff
Ms Wei Sun
Mr John Breen
Mr Mike Turner
Mr Guido Wager
Ms Khin Seint
Mr Andrew Van Dam
Mr Manuel Palacios
Mr Kelvin Leong
Mr David Jones

PhD students
Adriano Condez Gondarem Castelo
Anthony Blake
Cathal Colreavy
Chao Han
Chengwang Xiong
Colm O’Beirne
Dengfeng Fu
Diego Gomez Bautista
Dimitra Zografou
Dunja Stanisic
Ehssan Zargar
Fan Yang
Fangyuan Zhu
Fillippo Gaone
Guan Tor (Andrew) Lim
Hamed Poornaki
Henning Mohr
Hongchao Wang
Hongliang Ma
Huiting (Rachel) Liu
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Indranil Guha
Jalal Mirzadeh
James Hengesh
Jay(den) Chee
Jiajie Ma
Jiayue Liu
Jingbin Zheng
Joe Tom Jnr
John Morton
Joonmo Lee
Kai Xiang Koh
Kuntan Chang
Manuel Herduin
Maria Coronel Uriona
Mark Schneider
Michael Cocjin
Ming Fook Lim
Minh Tri Duong
Minjung Jun
Qin Zhang

Raffaele Ragni
Shah Neyamat Ullah
Simon Leckie
Somaye Sadeghian
Stefanus Safinus
Steven Cheng
Tao Zhou
Terry John Griffiths
Tianyuan Zheng
Wangcheng Zhang
Weidong Yao
Wen Gao
Wensong Zhang
Xiantao Zhang
Xiaojun Li
Xiaoying Ju
Yining Teng
Youkou Dong
Yue Wang
Zefeng Zhou

RESEARCH STREAM
REPORTS

Offshore sediments
The Offshore Sediments research stream focuses
on the rigorous characterisation of the mechanical
behaviour of offshore sediments. Development
of scientifically sound models that capture key
features of their response, with emphasis on
features that are relevant to offshore engineering,
is also a major focus of this research stream.
The following stream report describes selected
highlights of the activities of the Offshore
Sediments group in 2015.

Mechanical behavior of calcareous silt from
Australia’s North West Shelf
This research aims at adding to the knowledge and
understanding of the behaviour of fine-grained calcareous
soils in compression and shear to assist in the elaboration of
a modelling framework. In undrained triaxial shearing, two
responses are observed: (i) strain hardening response with
a dilatant tendency and (ii) strain softening response with a
contractant tendency. The predominant type of response
depends on the soil type and effective stress level applied
during consolidation.

Effect of (a) salinity concentration on liquid and plastic limits of four
different clays; (b) zoomed in view

Effects of sampling disturbance on the
mechanical behaviour of soft natural clays

Effective stress paths in undrained triaxial compression of
calcareous silt from Australia

Salinity and Atterberg limits: testing and
design implications
Offshore soils are saturated with saline pore water in situ but
are often reconstituted for element or model tests with fresh
water, either diluting or replacing the initially saline pore
water. The engineering behaviour of fine-grained offshore
sediments in particular can be affected by pore water
salinity, yet this is not widely acknowledged or understood.
An investigation of the effect of pore water salinity on basic
engineering properties of a selection of four fine-grained
soils has been carried out. In this study, basic index tests for
Atterberg limits were investigated, i.e. identifying the water
content of the soil at its liquid (wL) and plastic (wP) limits for
various salinity concentrations.

Sampling disturbance can significantly affect the
mechanical response of soil measured in the laboratory
and lead to inadequate design parameters. To study
these effects, a series of laboratory tests was carried
out on a soft natural clay, sampled using five different
types of samplers. The tests aimed at characterising:
i) compressibility, measured using constant rate of strain
(CRS) one-dimensional compression tests, and ii) undrained
shear strength, measured using a simple shear apparatus
(SSA). This study has demonstrated that test results vary
significantly depending on the type of sampler used to
retrieve the specimen, and this may have implications for
the choice of geotechnical design parameters. Additionally,
presence of natural inclusions such as shell fragments may
result in highly disturbed samples.

Normalised shear stress versus shear strain from simple shear tests
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Offshore geohazards and seabed mobility
The offshore geohazards and seabed mobility
research stream covers the interface between
geotechnical engineering – the traditional core of
COFS’ activity – and the neighbouring disciplines
of hydraulics, sediment transport, geomorphology
and geology.
Ocean-seabed interaction is the most active transdisciplinary interface, driven by a blend of experiment
work – using UWA’s unique O-Tube facilities – and field
observations, working with industry partners. During 2015,
important contributions to this area, focusing on pipeline
stability, were made by the PhD studies of Henning Mohr,
Simon Leckie and Terry Griffiths. Meanwhile, our large, small
and mini O-Tubes kept flowing, ably managed by Hongwei
An and Scott Draper.
Henning developed a new method for predicting the rate
of scour around subsea pipelines, which distinguishes
between different modes of erosion. His solution provides
an improved basis for estimation rates of pipeline self-burial
in fine-grained sediments. The final element of Henning’s
PhD was a new theoretical basis for erosion rate, drawing
on both hydraulics and geotechnical principles. Working
with his multi-disciplinary team of supervisors, Scott Draper,
David White and Liang Cheng, Henning developed a rational
model for erosion rate that works across coarse- and finegrained soils, by introducing the stabilising force caused by
seepage flow beneath eroding particles.
Simon’s PhD, also supervised by Scott, David and Liang, has
involved close collaboration with Woodside, drawing on
their large database of pipeline surveys across Australia’s
North West Shelf. The capstone of Simon’s PhD has been
to quantify the increase in stability of pipelines that have
undergone natural self-burial. His research has taken our
laboratory-based work and provided field verification of the
conclusions, while also revealing the surprising influence of
the local fish on scour.

Terry joined UWA in early 2015 from Wood Group Kenny,
to continue his long-running interest in pipe-soil-fluid
interaction via PhD study. He has led a series of novel
experiments that have begun to unravel the surprising
importance of field joints in triggering pipeline self-burial.

Terry Griffith’s Perspex pipe with field joints, in the small O-Tube

These streams of research all feed into UWA’s long-running
STABLEPIPE Joint Industry Project, supported by Woodside
and Chevron, working with Wood Group Kenny. This JIP has
developed a rational new prediction method for pipeline
stability, with sediment transport at its heart.
Meanwhile, the RIGSS JIP – supported by Benthic Geotech,
Fugro, Shell, Total and Woodside – continues to develop
new technologies to characterise the seabed. The RIGSS
JIP workstream led by Scott Draper and Henning Mohr has
developed new equipment and a new methodology to
determine seabed erosion properties in situ. This improved
technology for determining seabed erosion properties
allows more rational design against scour around subsea
structures. Joe Tom, working with Mike O’Neill (of Fugro
AG) and his PhD supervisors Scott Draper and David
White, developed a risk-based methodology for rational
assessment of scour mitigation. This work has been
applied by Fugro AG on projects around Australia and will
be presented at the 2016 Offshore Technology Conference,
alongside a major paper summarising the outcomes of
COFS’ recent Joint Industry Project on the geohazard of
submarine slide – pipeline interaction.

Joe Tom’s risk-based approach to scour mitigation around foundations,
working with Fugro AG

Simon Leckie’s pipeline survey analysis – effects of fish or flow?
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Offshore engineering science
The scope of work within the Engineering science
stream has continued to grow over the year, with
new research commencing on the hydrodynamic
response of floating systems, the extreme
response of mooring systems and the survivability
of marine renewable energy devices.
In addition to widening research scope, 2015 was also a year
for new research. This has included the establishment of the
Woodside FutureLab RiverLab, a novel initiative introduced
by Woodside that aims to use the Swan River in Perth as a
natural large wave basin to explore the response of model
scale floating systems and other offshore engineering
challenges. Other initiatives include the inaugural workshop
on Flow/Structure/Seabed interaction problems in Offshore
Engineering with the State Key Laboratory of Coastal
Engineering, Dalian University of Technology (DUT), China,
and the establishment of the DUT/UWA Joint International
Research Laboratory on Offshore Engineering.

Coupled analysis model in SESAM

Research highlights:
• Research on mooring lines and mooring system
responses of an offshore floating system.

• Developing improved riser-soil interaction models for
•
•

•
•

•

steel catenary risers, as well as trenching at the touch
down zone and its effect on fatigue design of risers.
Work also continued on the development of 3D second
order wave-structure design approaches incorporating
constrained new waves.
A new integrated model of a FLNG-type floating vessel,
mooring lines and risers in SESAM suite of software has
been built to develop a reliable method of obtaining the
most probable maximum (MPM) mooring response with
smaller number of simulations.
New research focusing on the simulation of water
(commonly referred to as greenwater) being transported
onto the deck of a ship in large wave conditions.
Experimental measurements of the resonant free surface
response in the gap between two vessels (representative
of an FLNG and LNG carrier) was performed in Shanghai,
China. This work was undertaken at arguably the largest
geometric scale ever, and included analysis of the gap
response in a range of wave conditions, including swell
conditions typical of the North West Shelf of Australia.
Work on the hydrodynamic aspects of wave energy have
continued with research into the estimation of the effects
of weak non-linearity on wave energy generation, and the
calculation of load statistics for wave energy devices in
extreme storm conditions.
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Greenwater event representative of a plunging breaker

2000 m

2000 m

3D CNW surface profiles

Offshore foundation systems
The offshore foundation systems research stream
focuses on geotechnical engineering associated
with soil-structure interaction. It has been one of
COFS core activities since its creation and makes
a heavy usage of the physical and numerical
modelling capacities at COFS, fostering significant
developments in both areas.
In 2015, the focus has remained on the behavior and
performance of spudcans, shallow foundations and anchors,
but with a shift in emphasis to investigate new issues
relevant to the development of the offshore industry. This
is notably the case for spudcan, which emphasis has been
on the behaviour in carbonate and layered soils, shallow
foundations, now considered as subsea foundation and
subjected to thousands of horizontal cyclic displacement,
and anchors and piles, which are considered as anchoring
solutions for floating renewable devices.

Tolerably mobile foundation: life-cycle
analysis and validation
The sliding resistance of subsea foundation is a function of
its whole loading history, requiring an understanding of the
loading and consolidation sequences that the foundation
has experienced. A theoretical model based on critical
state soil mechanics was developed to predict the lifecycle performance of a subsea foundation founded on soft
normally consolidated or lightly overconsolidated soil, and
subjected to intermittent horizontal sliding movements.
The framework was validated against centrifuge test results
of a mobile sliding subsea foundation. The framework
captures (i) the changing soil strength from cycles of sliding
and pore pressure generation, (ii) the regain in strength due
to dissipation of the excess pore pressure (consolidation),
and (iii) the soil contraction and consequent settlement of
the foundation caused by the consolidation process.
3.5

Plate anchors are considered as an economical solution
for anchoring offshore floating renewables, provided
that their performance in sand is better understood.
This research investigates the monotonic and cyclic plate
anchor capacities in sand covering wider drainage regions
using centrifuge modelling. Due to the high permeability
of sand, undrained behaviour has been achieved by using
Methocel F450 with an apparent kinematic viscosity of
730 cSt as the pore fluid. Centrifuge test results indicated
that the undrained monotonic and cyclic capacities are
approximately 2.5 times higher than their drained capacity,
providing new insights to use plate anchors as mooring for
wave energy converters or floating wind turbines.

3.3

Void ratio, e

Undrained capacity of plate anchor in sand
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conditions
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Spudcan capacity in carbonate soil
Numerical modelling was undertaken to simulate the effects
of consolidation during spudcan installation in carbonate
silty clay. In particular LDFE RITSS 2D analyses, along with
the implementation of a hypoplastic constitutive model,
allowed modelling of the soil behaviour after a pause
in spudcan penetration and the resulting change in soil
strength, by means of coupled pore fluid-effective stress
analyses. A comprehensive parametric study simulated
different scenarios involving consolidation: from short
pauses in penetration, typical of spudcan installation and
in the order of hours, to longer periods of consolidation,
in the order of months or years, which better describe the
long-term behaviour of the structure. Consequent peaks in
bearing capacity upon re-penetration against the reference
value ranged between ~5 and 50%, according to the length
of consolidation.
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Foundation survivability
Designing a foundation to resist the extreme load applied
by a wave energy converter (WEC) can be extremely costly
and jeopardise the vaibility of an offshore renewable
development. Singificant cost savings can be achieved
if the foundation is able to survive a small number of
failure events. Loadings applied on a WEC foundation was
calculated assuming a heave-oscillating body through a
linear time-domain model. Results demonstrated that
extreme loads occurred at very low probability and that
significant anchor size reduction (and cost saving) could
be achieved by avoiding or surviving the most extreme
loads. In that respect, pile foundations appear to have
the highest size reduction potential. Centrifuge tests were
therefore performed to demonstrate the survivability of pile
foundations in sand and evaluate the number of episodes
of failure than can be tolerated before the foundation loses
all capacity.

Numerical modelling technology
The numerical modelling technology research
stream develops innovative computational
techniques and tools necessary to model offshore
processes and infrastructure, with a focus on
developing computational algorithms capturing
multi-phase sediment response, consolidation and
strain rate effects in large deformation problems,
multi-body hydrodynamic responses and nonlinear soil-fluid-structure interaction.

Highlights:
Gap Resonance between closely spaced bodies
for side-by-side offloading
Numerical studies have been conducted on two bodies
arranged side-by-side based on the advanced CFD
software OpenFoamR. The aim is to develop fundamental
understanding of the fluid physics controlling gap resonant
response to provide insights into side-by-side offloading.
Vortex shedding around the corner and shear stress along
the wall are found to play a role for the numerical simulation
of gap resonance. A journal paper is under preparation by
Wang, Draper, Wolgamot, Zhao, and Cheng.

integrity of the mooring system. More details can be found in
“Numerical simulations of the load on an embedded anchor
from a taut mooring system” Xiong, Zhao, Yang, White,
26th International Ocean and Polar Engineering Conference
(ISOPE), accepted, 2016

Dynamic propagation criteria for catastrophic
submarine landslides
New algorithms have been developed to enable dynamic
effects to be accounted for in large deformation finite
element analysis. The approach has been applied to
submarine slides with rapid formation of thin lenses of weak
material. Dynamic effects are important components of the
shear band initiation history, causing catastrophic shear
band propagation to occur for smaller critical lengths of the
initiation zone than under static conditions. More details can
be found in “Dynamic propagation criteria for catastrophic
failure in planar landslides” Zhang, Wang, Randolph, Puzrin,
International Journal for Numerical and Analytical Methods in
Geomechanics, accepted, 2016

Velocity fields during dynamic propagation of shear band

Synchronized multi-scale digital
image correlation
Gap resonance of fluid in a gap

Mooring dynamics considering soil-chain
interaction
A coupled numerical code has been developed for mooring
dynamics including consideration of the soil-chain
interaction. The software considers vessel motions, mooring
chain catenary, seabed touchdown and the embedded
anchor chain response. Simulations are being carried out
to investigate the effect of anchor chain trenching on the
Wind load

Wave load

Floating facility

Multi-scale observations of soil response through digital
image correlation has been enabled with new algorithms
that enable higher precision measurements in a ‘microview’ to capture detailed soil response while the traditional
‘macro-view’ captures the global failure mechanism.
The new techniques have been used successfully in the
geotechnical centrifuge to investigate propagation of failure
mechanisms around shallow foundations. More information
can be found in “Synchronised multi-scale image analysis
apparatus for observing soil deformations” Teng, Stanier,
Gourvenec, International Journal of Physical Modelling in
Geotechnics, Special Issue, accepted 2016.

Current load

Chain-soil
interaction

Mooring system for a floater

Micro-view of shear strain fields beneath a shallow foundation
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Physical modelling technology
COFS typically focuses on offshore engineering
problems that involve the unknown or
uninvestigated. The physical modelling technology
research stream undertakes scaled experiments to
simulate these problems, allowing the mechanisms
and processes that occur during these challenging
events to be quantified and understood.

M/D
post-preload HM failure
envelope (V=Vp)
C5

H
post-preload VHM
failure envelope

C4
C1

V

C2 (C3)

VHM failure envelope

These experiments are often undertaken in our geotechnical
centrifuges that spin scaled experiments at up to 200 times
Earth’s gravity. This harsh testing environment, coupled
with the actuation, sensing and acquisition requirements
of these complex problems, requires innovation in physical
modelling technology – some highlights from 2015 are
listed below.

Revealing strength increases associated with
cyclic loading induced consolidation
Long-term ‘whole life’ experiments undertaken in the beam
centrifuge provided clues as to why subsea structures such
as pipeline end terminations are generally more stable
under the cyclic loading caused by operational events than
design codes would suggest..

HM failure envelope (V=Vp)

Growing of the combined loading yield envelope following
consolidation during pre-loading: left probing the yield envelope
in the drum centrifuge, right gains in combined loading capacity
after consolidation

Behaviour of flowlines with distributed
buoyancy modules
2015 witnessed the first experimental investigation of
a novel type of flowline buckling mitigation solution
combined with the first ever simulation of a full 30 year
lifetime of operating events. This approach was proposed
by an Australian project as a more cost efficient option
compared to continuous buoyancy. However, the
combination of adjacent elements of buoyancy and bare
pipe presented a number of design uncertainties. Also the
very low on-bottom weight was beyond previously tested
and understood conditions, based on UWA’s experience
over the past decade. A series of centrifuge tests lasting six
weeks, were undertaken to understand the flowline-seabed
interaction in three different calcareous soils relevant to
the project.

The model skirted foundation prior to set-down and simulation of >10
years of loading and consolidation episodes

Consolidation induced capacity increases for
shallow foundations in clay under combined
vertical, horizontal, moment loading
During 2015 the drum centrifuge permanently wore its 3
degree of freedom combined loading actuator, investigating
problems associated with identifying the combined loading
yield envelope for shallow foundations. One improvement
implemented was updates to the actuator control software
to allow load controlled consolidation phases. The resulting
increase in the size of the yield envelope from consolidation
was quantified during experiments as shown in the
figure below.
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Berm formation during sweeping of a flowline with distributed
buoyancy on calcareous sand

Georisk techniques
The Georisk research stream is developing
stochastic analysis techniques to account for
natural variability of sediments properties and
environmental loadings in the quantifying of risk
to offshore foundations and infrastructure.

Application of Random Finite Element and
Random Limit Analysis Methods
We applied and compared the random finite element and
random limit analysis methods in evaluating stochastic
bearing capacities of footings buried in spatially random
varying soils. In these methods, random fields are generated
and mapped onto a non-linear finite element (or limit
analysis) mesh. Monte-Carlo analysis was then used to
calculate the statistical properties of the bearing capacity
with changing horizontal and vertical scale of fluctuation
and to reveal the footing’s failure mechanisms.

dynamically sensitive offshore structures in a given seastate. The method accounts for the random nature of a
sea-state by the structured use of multiple Constrained
NewWaves in combination with the Monte Carlo method.
Analyses of a sample mobile jack-up structure show that
the probability of failure can be efficiently calculated for
even the most nonlinear and dynamically responsive
offshore structures.

Probabilistic identification of soil stratification
In collaboration with Dr Jinsong Huang (University of
Newcastle), Professor Limin Zhang (HKUST) and Dr Richard
Kelly (Coffey Geotechnics) a probabilistic method to predict
soil stratification at unsampled locations by explicitly
filtering the uncertainties in soil classification systems was
developed. Using 26 CPT tests conducted at the National
Soft Soil Site at Ballina (part of our ARC Centre of Excellence
for Geotechnical Science and Engineering) an established
Kriging interpolation technique was used to estimate the
CPT parameters which were further interpreted to identify
the soil stratification.

A buried spudcan in a random field realisation of
undrained shear strength su
Estimate of CPT resistance at 2 m depth across the site

Probabilistic interaction
In his 2015 submitted PhD thesis Jalal Mirzadehniasar
proposed a practical method for estimating the extreme
response statistics and the probability of failure of

From: Mark Cassidy
Sent: Tuesday, 14 June 2016 4:13 PM
To: Monica Mackman
Cc: Lisa Li; Yinghui Tian; Jalal Mirzadehniasar (20899725@student.uwa.edu.au); Mehrdad Kimiaei
Subject: RE: GeoRisk report for COFS annual report

Probabilistic analysis of spudcans
With a keynote invitation to the 3rd International
Symposium on the Frontiers of Offshore Geotechnics
(ISFOG-2015) we took the opportunity to demonstrate
how deterministic approaches commonly used in the
assessment of mobile jack-up platform installation can
be completed by probabilistic predictions. With Dr Marco
Uzielli (GeoRisk, Florence) and Dr Suzanne Lacasse (NGI)
we showed how predictions of jack-up installations can
be improved with the use of model factors obtained from
existing field records and/or model tests. We also introduced
an innovative Bayesian updating technique and showed how
it provides a reliable and consistent framework to update
installation predictions with monitored data.
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LINKS AND
COLLABORATIONS

Links and collaborations
New Software SPLAT launched by COFS
and NGI
COFS and NGI have recently collaborated on the
development of the SPLAT computer software. SPLAT,
or more precisely the Spudcan Leg Analysis Tool, can be
used to perform spudcan load-penetration calculations.
The program is developed for multi-layer soil conditions and
covers a comprehensive suite of analysis methods, including
those recommended in industry guidelines SNAME, ISO and
INSAFE and the new analytical methods published in recent
years and based on advanced centrifuge and numerical
modelling. The SPLAT program also has the flexibility
to provide penetration analysis for tubular legs without
spudcans. The program uses MS Excel as an interface
for inputs and outputs and a DLL calculator compiled
from FORTRAN subroutines. Results using the SPLAT
software were published at the 2015 ISFOG conference.
SPLAT developers Mark Cassidy (COFS), Youhu Zhang (PhD
graduate of COFS, now at NGI) and Vaughan Meyers (NGI)
intend to continue to develop the software by incorporating
a probabilistic capability.

At the year end, Fugro AG, supporting Woodside’s Browse
project, commissioned a program of centrifuge model tests
on pipe-soil interaction using the geotechnical centrifuge
at COFS. This work was supervised by Fraser Bransby and
Hongjie Zhou, and involved some of the longest duration
centrifuge tests ever performed at COFS, replicating many
years of operation of the Browse flowlines.

Rockberm behaviour with Technip UK
Conleth O’Loughlin and David White continued to
collaborate with Technip UK, supporting research work
by Alasdair Maconochie’s team in Aberdeen related to
pipelines. A new test rig was constructed in the COFS
laboratory. Xiaojun Li moved several tonnes of rock back
and forth into this chamber, to investigate pipelinerock reaction forces. Parallel centrifuge modelling was
also conducted.

An image of the pipeline ‘superspan’ presented by George Zhang
(Fugro AG) at the ISFOG conference

Pipeline geotechnics with Fugro AG
The Fugro AG pipeline geotechnics team co-authored with
COFS two review papers on pipe-soil interaction that were
presented at OTC Houston (by David White) and OPT Asia
(by Fraser Bransby, Fugro AG and UWA Adjunct Professor).
Further collaborations using field observations of pipeline
embedment to address uncertainty and variability in
pipeline design led to publications presented by Zack
Westgate (Fugro Houston, COFS PhD graduate) and David
White at the OMAE conference. In addition, George Zhang
(Fugro AG, COFS PhD graduate) presented the ‘superspan’
pipeline scarp crossing, from the Gorgon Project, at the
ISFOG conference.
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Xiaojun Li after moving two tonnes of rock for Technip in our new
large-scale testing rig

Chain-seabed interaction for Shell
Conleth O’Loughlin and David White conducted a series of
centrifuge model tests for Shell, focusing on chain-seabed
interaction in carbonate sand. The tests aimed to better
characterise the chain friction and profile during extreme
loading of an FLNG mooring system. The tests involved
the first use of our ‘longbox’ strongbox, overhanging the
centrifuge swinging platform, and required greater loads to
be applied than in any previous model test. The tests were

planned in collaboration with Sebastiaan Frankenmolen of
Shell, based in Rijswijk, Holland. Sebastiaan visited Perth to
review the outcomes in October 2015, and some of the work
will be published at the Offshore Technology Conference in
Houston during May 2016.

The ‘longbox’ strongbox gets its first spin on the beam centrifuge, to
model the inverse catenary of an FLNG anchoring system

Conferences
Name

Location

12th Workshop on Frontiers of
Rock Mechanics

Beijing, China

3rd International Symposium
on Frontiers in Offshore
Geotechnics (ISFOG)

Oslo, Norway

Offshore Technology Conference
(OTC)

Houston, USA

4th International Conference
on Ocean, Offshore and Arctic
Engineering (OMAE2015)

St Johns, Canada

6th International Symposium on
Deformation Characteristics of
Geomaterials

Buenos Aires, Argentina

The European Wave and Tidal
Energy Conference (EWTEC)

Nantes, France

The 2nd Australasian
Conference on Wave Science
(KOZwaves)

Adelaide, Australia

The Jack-Up Platform
Design, Construction &
Operation International
Conference

London, UK

5th International Symposium
on Geotechnical Safety and Risk
(ISGSR2015)

Rotterdam, The Netherlands

International Conference on
Computational Methods for
Coupled Problems in Science
and Engineering

Venice, Italy

World Ocean Council’s
Sustainable Ocean Summit 2015

Singapore

Science Pathways
2015 - Effective science
communication for EMCRs

Adelaide, Australia

25th Annual International
Ocean and Polar Engineering
Conference (ISOPE-2015)

Kona, Hawaii

Daewoo Shipbuilding & Marine
Engineering Co. Ltd
The continual collaboration with Daewoo Shipbuilding
& Marine Engineering Co. Ltd. (DSME), one of the world’s
largest builders of ships and structures for the offshore
oil and gas industry, has been widened and deepened in
2015. This has been mainly through three-year ARC Linkage
Project LP140100066 (CIs: Shazzad Hossain, Mark Cassidy,
Yuxia Hu; RA: Youngho Kim) with industry partner DSME (PIs:
Jonghwa Won, Jong-Sik Park, Seong-Jong Kim) contributing
40% of the total budget. Two DSME engineers, Joonmo
Lee and Minjung Jun, are now undertaking PhD at COFS. In
addition, DSME funded a short term project on development
of a soil constitutive model (investigators: Shazzad Hossain
and Youngho Kim). As part of this collaboration, Shazzad
Hossain and Youngho Kim visited DSME in September. It is
also planned that a team from COFS will visit DSME head
office in Seoul and DSME shipyard at Okpo, Geoje city, in
April 2016.

POSCO Steel Solution
POSCO Steel Solution (POSCO) is one of the world’s largest
steel manufacturers. In September 2015, Dr Jong Ku Lee,
Principal Researcher of Dept. of Steel Solution Marketing
invited Shazzad Hossain and Youngho Kim to visit POSCO
R&D Institute and steel testing facility at Songdo, Korea.
This in turn results in a collaboration between POSCO and
COFS primarily through a project on bucket foundations:
Predictions of long-term displacements of suction piles
for 3MW offshore wind turbine and effective measures for
reducing displacements (investigators: Shazzad Hossain,
Youngho Kim, Christophe Gaudin, Conleth O’Loughlin, Dong
Wang, Mark Cassidy and Mark Randolph). As part of this
collaboration, Dr Jong Ku Lee has been visiting COFS for
one year since December 2015.

Suction bucket foundations for offshore wind
energy installations in layered soils
The collaborated PhD project between Lloyd’s Register
(LR) and COFS at The University of Western Australia
has the overall aim of the development of design chart
for accumulated rotation and stiffness modification of
monopod suction bucket foundation under long-term cyclic
loading. This follows on the application in wind farm sites
of UK, North Sea, where soil profiles with dense overlying
stiff clay dominantly occur. After getting LR’s guidance on
the selection of caisson geometry, properties of sand and
clay, etc., this project started with a series of 1g physical
model tests, which investigated the long-term cyclic loading
responses (1 million cycles) at different loading scenarios
and layered soil profiles with height of upper sand 0.5, 1.0
and 1.5 times the skirt length. PhD student Fangyuan Zhu
had visited LR’s office in Aberdeen in September 2015, which
helped to get LR’s feedback on the 1g tests results and
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directions of the ongoing research. During her trip, LR also
provided the opportunity of participating in the suction pile
workshop with colleagues from LR, Technip and Synergy
and to expand her knowledge about recent suction-assisted
installation in field and some design works for suction piles,
etc. To date, the series of 1g tests has been completed and
the main focus of the project is now turning to focus on
centrifuge tests for unidirectional cyclic loading on caissons.
Different to 1g tests, which aim to study the displacement
accumulation and change in stiffness under long-term cyclic
loading, the centrifuge tests (Ng) will provide the initial
cyclic response at representative stress levels and drainage
regime, and will feature suction installation representative
of the prototype. It is expected that outcomes from the
centrifuge test results will be complementary to the 1g tests
and help to develop a useful design chart.

Christoph Niemann from Kassel University in Germany
visited COFS for two months to work with Conleth
O’Loughlin, Mark Cassidy and Yinghui Tian. He carried out
centrifuge modelling of pile and pile group in silica sand
under cyclic loading. This forms part of the DAAD-Go8
Germany Joint Research Co-operation Scheme.

International Academic Collaborations
Professor Alexander Puzrin (an Adjunct Professor at UWA,
based at ETH Zurich) visited COFS in early 2015, continuing
collaboration between COFS and ETH Zürich. This is
mainly focussed on developing improved criteria for the
initiation of catastrophic submarine landslides – the PhD
topic of Wangcheng Zhang who is co-supervised by Mark
Randolph, Dong Wang and Alexander Puzrin. Mark Randolph
visited ETZ Zurich in June to advance a paper on this topic,
now accepted for publication in International Journal for
Numerical and Analytical Methods in Geomechanics, and
also in November when he received an Honorary Doctorate
(Dr. sc. h.c. ETH Zürich) in a ceremony presided over by
long-term friend and colleague, Professor Sarah Springman,
Rector of ETH Zürich.

Christophe Niemann with Kelvin Leong

Conleth O’Loughlin, John Morton and Yinghui Tian visited
Zhejiang University (ZJU) in September 2015 to discuss the
collaboration of in-situ experiments using ZJU’s research
offshore platform – Huajiachi. They boarded on the platform
and visited the shipyard to investigate the potential testing
fields. They also visited ZJU’s centrifuge facilities and gave
presentations at ZJU. The planned field investigation tests
are arranged to be conducted in 2016.
Future planning using the Huajiachi vessel including testing
on new anchor configurations and the long-term fatigue
assessment of steel catenary risers (SCRs).

John, Conleth and Tian with ZIU’s research offshore platform

Mark Randolph receiving his Honorary Doctorate from Sarah Springman
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Sam Stanier and David White opened up a pan-continental
collaboration with David Muir Wood (Dundee University,
Scotland), Danuta Lesniewska (Politechnika Kosalinska,
Poland), Jelke Dijkstra (Chalmers University, Sweden)
and Jim Hambleton (University of Newcastle, Australia),
to unravel the mystery of vermiculate artefacts that were
spotted in various publications using PIV. This work showed
the importance of good experimental practices as well as
the selection of optimum image analysis algorithms, in

order to recover trustworthy deformation measurements
in geotechnical modelling. A publication in Computers and
Geotechnics tells the story.

Nicole Fiumana visited COFS from the University of
Bologna in Italy from June 2015 – February 2016. Nicole
was supervised by COFS’ academics Susan Gourvenec and
Britta Bienen. Nicole investigated the multi-directional
load response of shallow foundations on sand in the drum
centrifuge with the UWA 3D actuator. Nicole’s project
follows on from research carried out by one of her academic
supervisors at U Bologna, Laura Govoni, during a 6 month
visit to COFS in 2005.

Mark Randolph with Tianjin University staff and students

Mark Randolph and Yinghui Tian continued a long-standing
collaboration with Tianjin University, in particular with
Professor Yan Shuwang. In September Mark Randolph
visited for a week during which time he presented a seminar
and was formally awarded with a certificate as an Honorary
Professor of Tianjin University, by Vice President Yu Jianxing.
He was a guest at two animated seminars where many of
Professor Yan’s postgraduate students presented their
research, and also had the opportunity to visit the new
campus of the university, participating in celebrations
to mark the 120th Anniversary of Tianjin University.
The collaboration will continue in 2016 with an extended
visit to COFS by Dr Liqiang Sun.
Yinghui Tian visited Shanghai Jiaotong University to work
with Professor Guanlin Ye on developing a three-surface
kinematic hardening constitutive model. The model
has been validated and coded in Fortran 95. After being
implemented into Abaqus as UMAT, the model is expected to
be used to model the cyclic degradation behaviour of soils.
Wenhua Zhao has been collaborating with Professor Jianmin
Yang at Shanghai Jiao Tong University in offshore floating
structures, mooring dynamics and ocean waves. Wenhua
has carried out model tests in the advanced wave basin at
Shanghai to study the nonlinear gap resonant response in
side-by-side offloading operation.

A snapshot of the experimental setup in the wave basin at Shanghai
Jiao Tong University

Susan Gourvenec and Nicole Fiumana with the drum centrifuge

Riccardo Corti visited COFS from the University of Bristol,
UK from mid-2014 to early 2015. Riccardo was supervised by
COFS’ academics Susan Gourvenec and Mark Randolph, and
funded through the Worldwide University Network (WUN)
and the Centre for Geotechnical Science and Engineering
(CGSE). Riccardo investigated application of his cyclic load
response ‘memory surface model’ to the whole life response
of a tolerably mobile subsea foundation and the drained
capacity of plate anchors in sand. Riccardo’s constitutive
model builds on the Severn Trent constitutive model
co-developed by David Muir Wood (Dundee University,
Scotland), a regular visitor to COFS and Martin Fahey
Fellowship recipient. The collaboration has resulted in
two journal publications.
Sam Stanier and David White worked with Andy
Take (Queens’ University Canada) and Justin Blaber
(Georgia Tech) to develop a new version of our PIV
software, for image-based deformation measurement
in geotechnical modelling.
Daniel Carneiro completed his doctorate from the Federal
University of Rio de Janeiro with support from David
White, co-authoring two papers on the pore pressure and
friction behaviour of pipelines moving on soft clay seabeds
with Professor Fernando Danziger and Professor Gilberto
Ellwanger. Daniel finished his doctorate while working as a
lead pipeline engineer with Wood Group Kenny in Perth and
moonlighting in the UWA Science Library.
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Paul Taylor of Oxford University continued to collaborate
with Wenhua Zhao, Scott Draper and Hugh Wolgamot. Paul
visited UWA three times in 2015, working on collaborative
papers on wave-structure interaction with the team.
He also gave three seminars on a range of his interests,
from mathematical modelling of waves to the Victorian
engineering behind tubular box bridges.

Susan Gourvenec was part of the AIM WA-UWA Business
School Executive Education’s successful bid for UWA to
host the Australia-China LNG Partnership – Executive
Training Programme, funded by the Department of State
Development. The Training Programme was awarded for
2015 and 2016. COFS’ staff Susan Gourvenec and Dave
White delivered one day workshops “From the Seabed to
Surface: Facilities Architecture” in May and August 2015, that
included a tour of COFS geotechnical centrifuge and mini
O‑Tube Facilities.

Paul Taylor

An interactive activity at the Australia-China LNG Executive
Training Workshop

COFS visitors 2015
Name

University

Name

University

Alexander Puzrin

ETH Zurich, Switzerland

Nadia Zakrzewski

University of Newcastle, Australia

Bin Zhu

Zhejiang University, China

Nicole Fiumana

Chao Sun

China

Universita’ di Bologna DICAM Geotecnica, Italy

Christoph Niemann

Universitat Kassel, Denmark

Oxana Sadovskaya

Russian Academy of Sciences

Cyrus Todeshkejoei

University of Newcastle, Australia

Paul Shelpley

Sheffield University, UK

Drielly Negreiro

Brazil

Paul Taylor

Oxford University, UK

Elliot Jaries

University of Toulon, France

Renjie Teng

Fei Song

Chang’An University, China

The University of Western
Australia, Australia

Feng Yuan

Zhejiang University, China

Rodney Eatock Taylor

Oxford University, UK

Fuping Gao

Chinese Academy of Sciences,
China

Santiram Chatterjee

IIT Bombay, India

Sean Goodall

University of Newcastle, Australia

Stella Harkins

Estudante de Engenharia Civil –
FURG, Brazil

Tom Adcock

Oxford University, UK

Vladimir Sadovskiy

Russian Academy of Sciences

Xiong Xiao

University of Newcastle, Australia

Xueliang Zhao

Southeast Uni, China

Yifa Wang

China

Yue Qiu

Hohai University, China

Zania Varvara

Technical University of Denmark,
Denmark

Zhichao Shen

Tianjin University, China

Zhong Xiao

Tianjin University, China

Giulio Nicolai

Aalborg University, Denmark

Guy Houlsby

Oxford University, UK

Hang Zhao

Hohai University, China

James Schneider

US Navy, USA

Jim Hambleton

University of Newcastle, Australia

Jonghwa Won

DSME R&D Institute, Korea

Jubert Pineda

University of Newcastle, Australia

Kristian Krabbenhodt

University of Newcastle, Australia

Kurian Velluruzhathil John

Petronas Malaysia

Lingzhi Xiong

Shanghai Jiao Tong University,
China

Luke Bennetts

Adelaide University, Australia

Majidreza Nazeem

University of Newcastle, Australia
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Fugro Chair in Geotechnics summary
This has been the inaugural year of the Fugro Chair in
Geotechnics, which is occupied by Mark Randolph. In spite
of enduring one of the most severe down-turns in the
offshore oil and gas industry, it has been gratifying that
Fugro have maintained their commitment to supporting this
link between COFS and industry. A number of initiatives have
been taken during the year to ensure that the long-standing
and close relationship that existed between COFS and the
Perth-based consultancy Advanced Geomechanics was
sustained under their new ownership by Fugro, and indeed
extended to other Fugro offices throughout the world.
What better way to kick off these initiatives than with a
social gathering, and who better to provide the excuse
for the party than visiting Adjunct Professor Sasha Puzrin.
In January, Professor Puzrin, from ETH Zurich, presented
an excellent seminar on his recent work on quantifying the
risk from submarine landslides by considering the unifying
approach of shear band propagation. This is also the
research topic of the first Fugro PhD Scholar, Wangcheng
Zhang (co-supervised by Dong Wang, Mark Randolph and
Sasha Puzrin) and in many ways epitomises how theoretical
concepts, albeit with simplifications, are able to provide
insight and practical guidelines for industry. In this case
Professor Puzrin is working with the Fugro UK office to
provide advice on submarine landslide geohazards to BP
with respect their Azeri project in the Caspian Sea.
The second Fugro PhD Scholar, Chao Sun, started at
COFS in October. He is working with Susie Gourvenec and
Mark Randolph on the problem of anchor chain induced
trenching, such has been observed offshore West Africa,
focusing on the detailed interaction between the soil and
anchor chain.
Much of the focus during this first year has been on
extending the COFS-Fugro links internationally. To this the
Fugro Chair visited European offices in the UK, Belgium,
The Netherlands and France, presenting overviews of COFS
research and also more specific seminars on topics such
as subsea foundations and deep-water anchoring. In the
last quarter of the year, Susie Gourvenec, based at Fugro
AG for three months as part of her sabbatical, also visited
several of the Fugro offices in Europe, focusing in particular
on transferring the outcomes of her research on subsea
foundation response into practical design tools.

Mark Randolph (centre) with Gerry Sinjorgo and Peter Looijen
discussing site characterisation with Fugro’s new Piezoballs

Dr Phil Watson (a former COFS PhD graduate), while within
Fugro AG Dr Fraser Bransby (also ex-COFS as a Research
Associate) is managing innovation. COFS has been lending
assistance, launching a series of joint lunchtime seminars
(co-ordinated by COFS PhD graduate Dr Hongjie Zhou)
to present recent ‘applicable’ research outcomes or
innovations in practice, and also holding a joint COFS-Fugro
workshop to identifying priority research areas to improve
design solutions or resolve current uncertainties.
Another aspect of globalisation consulting services is the
provision of robust software tools for analysis and design.
James Doherty has been assisting Fugro with converting
existing software tools to web-based applications, making
use of the power of cloud computing. The initiative
facilitates access to design tools internationally, while also
allowing central control of evolution of the software
Without being exhaustive, the range of activities mentioned
above are all targeted at helping Fugro to add value for their
clients by ensuring close engagement with leading edge
research, such as delivered by COFS, ensuring that their
advice is fully informed and well founded on science.

A positive aspect of any economic down-turn is to force
related industries to become more efficient, and within
Fugro there has been a major focus on innovation
and also on unifying the geo-consulting services they
provide internationally, the latter under the leadership of
cofs.uwa.edu.au 23

Lloyd’s Register Foundation Chair summary
In April 2010 COFS partnered with the Lloyd’s Register
Foundation to establish the Chair in Offshore Foundations
and Research Centre of Excellence. Lloyd’s Register
Foundation (LRF), a UK-registered charity and sole
shareholder of Lloyd’s Register Group Ltd, invests in science,
engineering, and technology for public benefit, worldwide.
Together COFS and LRF are developing solutions to unlock
stranded gas and untapped renewable energy from our
oceans, whilst reducing risk to infrastructure and personnel.
2015 marked the conclusion of COFS’ initial 5-year funding
period and we were proud to both convey our achievements
to LRF and be endorsed for a further three years of followon support. Key achievements since inception include
over 170 journal and conference papers published by the
researchers and students funded by the LRF, establishing
the LRF Oration Australia, inclusion of our research into
the ISO 19905-1 guidelines for the site assessment of
mobile jack-up platforms and use of software developed
in industrial pipeline and anchor design. Another major
impact has been to train a new generation of offshore
engineers through support for PhD scholarship and early
career professors. We are proud that six LRF funded PhD
students have successfully graduated UWA and now
occupy positions in both academia and the international
offshore industry. Congratulations to Drs Xiaojun Li, Jaijie
Ma, Jalal Mirzadehniasar, Henning Mohr, Lucile Quéau and
Stefanus Safinus. Another four students will graduate in
2016. Furthermore, four outstanding academics have been
provided with opportunities to develop their research
potential, and all have now secured on-going academic
appointments. Britta Bienen, Scott Draper and Xiaowei
Feng are lecturers at UWA and Lisa Li has been appointed an
Associate Professor at the Harbin Institute of Technology.
The LRF Oration Australia has become a highlight of the
Perth offshore engineering calendar. Having settled on an
early December date, this annual public lecture is not only
engaging the local offshore industry with contemporary
scientific challenges, but providing a pre-Christmas
networking event. The 2015 and 4th LRF Oration Australia
was delivered by Professor Mike Ethymiou (of Shell and
UWA) to over 170 attendees, and was entitled “PRELUDE
FLNG Project: Innovation taking shape”. Mike’s lecture
provided both an update on the construction of Australia’s
first floating LNG development and an in-depth analysis of
the critical engineering challenges. Thanks to Jeff Baker for
the commitment of our local Lloyd’s Register office.
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L-R: Jeff Baker, Mike Ethymiou, Mark Cassidy, Scott Draper

In 2016 the LRF CoE will look to establish the science to
support the safe development of offshore wind and wave
energy devices with cheaper and more reliable foundation
solutions. We have already recruited 5 new LRF PhD
students to study:
• The effect of installation on the lateral loading of
offshore foundations
• The cyclic capacity of plate anchors in sand
• The optimal configuration of wave energy converters
to maximise power and survive extreme seas
• Application of Bayesian techniques to the real-time
risk assessment of mobile jack-ups during renewable
energy construction
• Anchoring systems for floating renewable energy devices.

LRF funded staff and students

Shell EMI Chair summary
The Shell EMI1 initiative in offshore engineering aims to
strengthen UWA and Western Australia’s position as a
global offshore engineering hub, through world-class
research and education. Shell Australia supports four
UWA academics:
• The Shell EMI Professor of Offshore Engineering,
David White
• The Shell EMI Professor of Offshore Structures,
Mike Efthymiou (formerly Shell’s General Manager
of Offshore Structures)
• Two Assistant Professors: Dr Wenhua Zhao and
Dr Hugh Wolgamot.

$M
20
Co‐investment
by ARC and
other industry

x6 x3.7

15
10

Additional Shell funds
Shell EMI Chair investment

Total
value of
research

5
0

Scope and leveraging from the Shell EMI Chair in Offshore Engineering

Shell also supports 3 PhD students, Xiangtao Zhang,
Hongchao Wang and Dunja Stanisic.
The Shell EMI team are integrated into UWA’s wider
group of ~40 researchers in offshore oil and gas,
and are supported by the administration team at
COFS. The research spans offshore engineering, from
geotechnics to metocean. The Shell EMI Chair began
in 2013 and the following progress has been achieved
to date:
• 14 short courses delivered to Shell and the
wider industry
• 20 lunchtime briefings given to an invited
industry network
• 76 academic papers produced including 9
contributions to OTC Houston
• 6 awards and Fellowships received, recognising
excellence and innovation
• 14 research workshops held with Shell – in Perth, KL,
Houston and Rijswijk
• 9 Shell projects applying the research in collaboration
with us, and other Shell projects applying design codes
and guidelines from UWA
• >300 students lectured on offshore engineering – from
floating systems to geomechanics

Wenhua Zhao standing by the side-by-side vessel models used in the
Shanghai Jiaotong University wave basin

The initial $3.5M investment by Shell in the Chair has so far
unlocked >$20M of research through co-investment from
the Australian Research Council (ARC), wider industry
and other Shell funds. The Shell EMI Chair also supports
various outreach activities, including a presence at UWA
Open Day and various industry events.
David White shows future engineers attending UWA Open Day a
replica link from the mooring line of Prelude FLNG

1

EMI:UWA’s Energy and Minerals Institute
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ARC Industrial Transformation Research Hub for
Offshore Floating Facilities (ITRH OFF) summary
In May 2015 the Australian Research Council
announced that our proposal to host a new
Research Hub at UWA, on Offshore Floating
Facilities, was successful. The Research Hub is
a 5-year initiative funded equally by the ARC
and the industry partners – Shell, Woodside,
Lloyd’s Register and Bureau Veritas.

oil and gas resources offshore Australia and globally.
The aim is to achieve better design and more efficient
operations; in some cases by improved understanding of
the science and in some cases by inventing innovative new
technologies. As well as the 15 academics involved, the hub
research team comprises 5 Research Fellows and 15 PhD
students, over the 5-year period, as well as drawing on
expert contributions from the industry partners.

The proposal for the Research Hub emerged when
Woodside and Shell were mapping out, with UWA, their
future technical challenges and research needs in the field of
offshore engineering. The plans had significant overlap, and
the associated activities fitted the brief for the Australian
Research Council’s Industrial Transformation Research
Program. Lloyds Register and Bureau Veritas also came
onboard, growing their own existing relationships with UWA.
With industry and academia working together, the Research
Hub will address opportunities to improve the safety
and cost efficiency of the facilities needed to develop

The research program spans ocean forecasting, vessel
motion and offloading analysis, life extension of offshore
assets and novel anchoring and subsea foundations.
Our work will involve physical models, in wave basins,
in our O-Tube flumes and at the UWA-hosted National
Geotechnical Centrifuge Facility, as well as numerical
simulations. We will also be working in the field – initially in
the Swan River, courtesy of a new large scale experimental
facility, and then in the ocean. We will also be drawing on
data from real assets owned by the industry partners.

Australian Research Council Research Hub
for Offshore Floating Facilities @OFFshorehub
•

15 academics (UWA, WSU), 5 post-docs, 15 PhDs

•

ARC contribution of $5M over 5 years, matched by industry

•

Physical modelling, numerical simulation, field data analysis
Projects
Themes

Non-cyclonic
forcing

Whole life asset
performance and
decision making
System integration
Engineering at
interfaces

Geotechnical

Disciplines

Hydrodynamics

Aim: to address the critical engineering challenges associated
with Australia’s next generation of offshore oil and gas projects

Metocean

•

Risers and moorings
Novel anchors
and subsea
structures
Facility longevity/operability

Hub Manager:
Dr Andrew Grime

Wave-structure
effects

Metocean
Non-cyclonic
forcing
(internal waves)

System integration
Engineering at interfaces
Risers and
moorings

Hydrodynamics

Wave-structure effects

Hub Director:
Shell EMI Chair of
Offshore Engineering
Prof. David White

Whole life asset
performance and
decision making

Facility
longevity /
operability

Geotechnics
Novel anchors and subsea structures

Australian Research Council Research Hub
for Offshore Floating Facilities @OFFshorehub

P1: Metocean

P2: Wave-structure
Hub Director
David White

Hub Manager
Andrew Grime

P5: Data analytics

P3: Risers & moorings
Mike Efthymiou
Nicole Jones

Greg Ivey

Liang Cheng

Scott Draper
Melinda Hodkiewicz

Ed Cripps

Mark Randolph Christophe Gaudin

Ming Zhao

Hugh Wolgamot

Wenhua Zhao

Conleth O’Loughlin
Mark Cassidy
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Susan Gourvenec

P4: Anchors & foundations

RIGSS JIP Summary
The Remote Intelligent Geotechnical Seabed Surveys Joint
Industry Project (RIGSS JIP) has now been underway at the
University of Western Australia (UWA) for 18 months of its
planned 3-year duration. The JIP is funded by a consortium
of offshore operators and contractors (Benthic, Fugro,
Shell, Total and Woodside) and is tasked with developing
new and improved techniques for probing the geotechnical
properties of the seabed, in-situ. “We have deliberately
sought support from both contractors and operators. This
cross-industry support gives us the input needed to ensure
the developments are practical as well as innovative”, said
the Project Manager, Professor David White.

devices. In soft seabed soils it is vital to correct properly for
the drag and buoyancy force in both the water and the soil,
in order to correctly extract the soil strength required for
design” she said.

A range of novel devices are being developed through
laboratory tests, numerical simulations and field trials.
These include new types of shallow penetrometer that
mimic subsea pipelines, free-falling probes that offer a
rapid method of gathering soil strength data and an in-situ
erosion testing device based on UWA’s award winning
O-Tube technology (see UT3 Q4 2012 pp32-35). These
devices can be scaled for deployment in various ways; either
from a seabed frame or drill rig, via a work-class ROV, or on
deck into box core samples.

Field-testing is now the next target in sight. The shallow
penetrometers are heading offshore as part of a survey in
Australia’s Timor Sea in Q2 2016. There the devices will be
put through their paces determining soil parameters from
box-core samples taken along a proposed pipeline route.
Meanwhile, the free-fall penetrometers are heading offshore
in early 2016 to measure the strength of the soft clay seabed
beneath Zhejiang University’s offshore research platform in
the South China Sea.

By making the designs scalable, they can be rolled out
progressively and be improved as lessons are learned. For
example, initial work has focused on small scale devices
suited to box core samples. Subsequent larger versions will
build on this experience, and may be favoured in practice
due to the reduced scale effects when translating the results
into design assessments.

The shallow penetrometers are a creative extension of
conventional cone, T-bar and ball penetrometers, but
with added actuation and control capabilities. Dr Sam
Stanier, the lead researcher of the RIGSS JIP, is particularly
enthusiastic about these devices. “Their robotic control
system allows them to be rotated as well as pushed
vertically, and be operated under both load-control and
speed-control, while monitoring the pore water pressure in
the surrounding soil. These improvements allow a greater
range of soil properties to be derived from a single tool.
For example, one test can derive both intact and remoulded
strength, as well as interface friction properties and the
coefficient of consolidation. This suite of parameters
provides all of the information needed in the latest
procedures for the geotechnical design of pipelines.”
Meanwhile, the RIGSS JIP free fall penetrometers are
applying new measurement and interpretation methods
to the established concept of using the deceleration of a
projectile to assess seabed properties. The new devices
use miniaturized inertial navigation units and onboard high
speed logging systems to record their trajectory as they dive
into the seabed.
UWA researcher Dr Shiaohuey Chow has been studying
free fall penetrometers since her PhD. “In the JIP we have
developed a new interpretation method for these sensors
which properly accounts for all of the forces acting on the

PhD student Mark Schneider performing laboratory
trials of new shallow penetrometers

Toroidal shallow penetrometer
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LABORATORY
REPORTS

Centrifuge

Geotechnical
testing

The room hosting the C-72 5 m radius centrifuge at early stages of construction

2015 witnessed the formal birth of the National Geotechnical
Centrifuge Facility (NGCF), the new umbrella for the geotechnical
centrifuge facilities at COFS, but also including our partners
throughout Australia, the Universities of Newcastle, Wollongong,
Queensland, Monash and Adelaide. The mission of the NGCF is
to (i) serve the academic and industry geotechnical engineering
communities, (ii) support research and advance knowledge in soil
behaviour and foundation engineering, (iii) develop and provide
solutions for geotechnical design, and (iv) assist in training the next
generation of geotechnical engineers.

In 2015, the COFS Geotechnical Testing
Laboratory continued to make progress on
the renovation and upgrade activities that
started in 2012, in addition to providing
support for academic research and specialist
testing services for industry partners. Our
close collaboration with our friends from the
Norwegian Geotechnical Institute (NGI) was
solidified in 2015 as we continue to implement
the highest soil element testing standards
available worldwide here in Perth. Both
equipment hardware and software upgrades
continued to take place with major emphasis
on (1) new specimen reconstitution techniques
(to ensure experimental results properly
represent the actual fabric of tested samples),
and (2) substantial improvements in control,
data acquisition and testing capabilities of UWA
soil element testing equipment designed and
built in house (i.e., New Generation of UWA soil
element testing devices).

The NGCF will be hosted within the new 650 m2 laboratory at the
Indian Ocean Marine Research Centre, which is due for completion
in September 2016, where we will recommission the existing drum
and beam centrifuges as well as commissioning the new 5 m radius
Actidyn beam centrifuge.
The NGCF team have been extremely busy preparing for the move
as well as undertaking and supporting the 24 separate centrifuge
projects undertaken during 2015. Some highlights of what is planned
for the near future:
• major overhaul of the COFS actuator control system, “PACS”,
allowing for even more sophisticated robotic control on up to
six linked axes
• purchase of a 4 degree of freedom robotic actuator
• launch of our new website www.ngcf.edu.au.

Antonio Carraro and Rune Dyvik (NGI Oslo) during
Antonio’s visit to the NGI lab in Oslo

The NGCF team also travelled to Paris in April 2015 to witness the
first spinning of the new centrifuge. The team then spent two weeks
at IFFSTAR, gaining experience with their large centrifuge and the
four degree of freedom robotic actuator.

Sinusoidal waveform cyclic loading capability of New
Generation of UWA soil element testing equipment
Christophe, Conleth
and Dave from the
NGCF with Actidyn
personnel during the
factory inspection
in Paris
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Rock mechanics

O-Tube

This report highlights further developments associated
with the fan-hinged shear rupture mechanism recently
identified in COFS. New concepts of strength profiles for
hard rock and depth distribution of lithospheric strength
have published in the latest issue of Tectonophysics
(Tarasov & Randolph, 2016). They provide an alternative
understanding of hard rock properties at stress conditions
corresponding to seismogenic depths and reasons for
earthquake activity.

The O-Tube flumes continued to be well utilised in 2015.
They hosted studies by several PhD and honours students
and have been used to support design work for projects
offshore Australia and internationally. The three O-Tube
flumes are unique facilities that allow near-seabed flow
conditions to be replicated, and ocean-structure-seabed
interaction to be modelled and observed.

The 2015 highlights are:
• focussed testing explored the scour and sedimentation

Low transient strength of hard rocks
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around seabed pipelines, and the mysterious influence of
field joints on seabed mobility
a new sensor was developed to improve the capabilities
for detecting scour progression in real time during tests
a study for Chevron and Fugro AG provided data to
optimise the scour mats around a set of subsea facilities
a study for Subcon measured the fluid loading on their
artificial reef structures
new equipment setup was developed for Technip to
investigate the thermo-hydraulic coupling around hot
seabed pipelines under rockdump
a new research collaboration to develop a better
understanding of scour around subsea structures
was initiated, with HR Wallingford.

• .
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Scour around a pile, from testing by Dr Hongwei An
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AWARDS AND
GRADUATIONS

Awards and graduations
AWARDS
David White was elected to a Fellowship of the UK’s
Royal Academy of Engineering representing leaders
of the engineering profession for his seminal research
contributions which have transformed the geotechnical
understanding of pipeline projects throughout the offshore
oil and gas sector.

David White was elected as a Fellow of the Australian
Academy of Technological Sciences and Engineering
(ATSE) for his contributions which have transformed
geotechnical practice in pipeline engineering throughout
the offshore sector.
Mark Cassidy was announced by Premier Colin Barnett
as WA Scientist of the Year at the Premier’s Science
Awards 2015.

Mark Randolph was awarded an Honorary Doctorate by the
Swiss University ETH Zurich for his crucial contributions
to the field of offshore geotechnics and developing novel
methods for offshore site investigation techniques.
Michael Cocjin was the recipient of a 2015 Prize for Higher
Degree by Research Achievement for his paper “Tolerably
mobile subsea foundations – observations of performance”,
which was judged to be the best publication in the Maths,
Physical Sciences and Engineering discipline of the awards.

Shazzad Hossain was given a UWA Vice-Chancellor’s midcareer research award for his research which focuses on the
foundations for mobile drilling rigs and anchoring systems
for floating platforms in the oil and gas industry.
Joe Tom received the OMAE Outreach for Engineers
Specialty Forum Scholarship award, which provided Joe
the opportunity to attend the 34th International Conference
on Ocean, Offshore and Arctic Engineering in St John’s,
Canada, as well as the OMAE 2015 Outreach to Engineers
Speciality Forum.

The paper “Drained cyclic capacity of plate anchors in dense
sand: experimental and theoretical observation” authored
by Shiaohuey Chow, Conleth O’Loughlin and Christophe
Gaudin with Riccardo Corti and Andrea Diambra from the
34 The University of Western Australia

University of Bristol, was announced as Géotechnique
Letters best publication for Quarter 2, 2015.

dissipation for free-fall piezocone in soft clay’, as part of the
UWA Early Career Researcher Best Publication Awards.

Jingbin Zheng, was awarded a 2015-2016 ISOPE scholarship
for Outstanding Students in recognition of his outstanding
academic achievement and the potential to become a
leader in the offshore mechanics and polar engineering field.

Susan Gourvenec received a commendation for Teaching
Excellence – Individual Teaching at UWA’s Faculty of
Engineering Computing and Mathematics Teaching and
Learning Awards.

Wenhua Zhao was awarded a Best Publication Award for
his paper ‘Predication of hydrodynamic performance of an
FLNG system in side-by-side offloading operation’ as part of
the UWA Early Career Researcher Best Publication Awards.
Shiaohuey Chow received a special commendation for
her paper ‘Soil strength estimation and pore pressure

Yinghui Tian was named a National Distinguished Expert
in the Thousand Talents Plan, a prestigious Chinese
recruitment program that targets innovative talents.
Mark Cassidy was named in the Knowledge Nation Top 100,
an initiative of The Australian in conjunction with the Office
of the Chief Scientist that honours the ‘unsung innovators
working at the vanguard of the future economy’.

GRADUATIONS
Student

Title

Supervisors

Where they are now

Pan Hu

Numerical and experimental analysis on spudcan foundations
with large penetration into multilayered soils

Mark Cassidy
Dong Wang
Sam Stanier

COFS, UWA

Lucile Queau

Fatigue analysis of steel catenary risers in deep waters using
nonlinear riser-soil interaction models

Mehrdad Kimiaei
Mark Randolph

DNV GL, Perth

Amin Rismanchian

Three dimensional modelling of pipeline buckling on soft clay

Dave White
Mark Randolph

Fugro AG, Perth

Beau Whitney

Neotectonics of Western Australia: Paleoseismology of the
Mt Narryer fault zone

James Hengesh
Dave White

Centre for Energy
Geoscience, UWA

Omid Kohan

Improving spudcan extraction from deep embedment in
soft soils

Mark Cassidy
Christophe Gaudin
Britta Bienen

Melbourne

Qin Zhang

Local scour mechanics around subsea pipelines

Liang Cheng
Scott Draper
Hongwei An

NUS, Singapore

Xiaojun Li

Study on the pore pressure mechanism in clays and its
application in the uplift of offshore foundations

Christophe Gaudin
Yinghui Tian
Mark Cassidy

COFS, UWA

Jiajie Ma

Numerical Modelling of Submarine Landslides and their
Impact on Offshore Infrastructure Using the Material Point
Method (MPM)

Mark Randolph
Dong Wang

Perth

Anthony Blake

Dynamically Embedded PLate Anchor (DEPLA) – a cost
effective solution for the offshore energy industry

Conleth O’Loughlin
Christophe Gaudin

University of
Southampton, UK

John Morton

The dynamic measurement of undrained shear strength using
an instrumented free falling sphere

Con O’Loughlin
Dave White

COFS, UWA
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COFS IN
THE NEWS

COFS in the News
A selection of COFS media articles
Date

Media outlet

Article title

Feb 2015

The Conversation (https://theconversation.com/
surfs-up-can-wave-energy-rise-to-the-challenge-inaustralia-37797)

Surf’s up – can wave energy rise to the challenge
in Australia?

Mar 2015

Offshore Engineer (http://www.oedigital.com/subsea/
item/8416-seafloor-tools)

Seafloor tools

Apr 2015

Asian Oil and Gas Magazine (http://interactive.aog-mag.
com/Vizion5/viewer.aspx?issueID=38&pageID=31)

UWA molds next generation engineers down under

Apr 2015

ATSE Focus Magazine

Two Fellows feature in Go8 promotion

Apr 2015

Chevron (https://www.chevronaustralia.com/ourbusinesses/technology-leadership-and-partnerships/
wa-era)

WA Energy Research Alliance: Working Together
for tomorrow

May 2015

WA Business News (http://www.businessnews.com.au/
article/15m-for-WA-research-centres)

$15m for WA research centres

Jul 2015

Science Network WA

Premier’s Science Award finalists announced

Jul 2015

Subsea World News

Carnegie, UWA get grant for anchoring system project

Aug 2015

WA Premier Media Release

Premier congratulates science award winners

Sep 2015

Royal Academy of Engineering (http://www.raeng.org.
uk/news/news-releases/2015/september/world-leadingengineers-elected-to-academy-fellows)

World-leading engineers elected to academy fellowship

Oct 2015

Rigzone http://www.rigzone.com/news/oil_gas/a/141121/
Mobile_Mudmats_Research_Shows_Promise_for_
Economical_Deepwater_Production

Mobile Mudmats research shows promise for economical
deepwater production

Oct 2015

ATSE https://www.atse.org.au/content/fellows-public/
recognition/mark-cassidy-wa-scientist-of-the-year.aspx

Mark Cassidy is WA Scientist of the Year

Nov 2015

http://www.gastechnews.com/lng/motion-performanceof-floating-systems-offshore-western-australia/

Motion performance of floating systems offshore
Western Australia

Dec 2015

Science Network WA http://www.sciencewa.net.au/
topics/industry-a-resources/item/3918-novel-flngadvances-to-aid-future-wa-operations

Novel’ FLNG advances to aid future WA operations

Dec 2015

Engineering education Australia (http://eeaust.com.au/
news/item/18-key-challenges-facing-pipeline-engineers)

Pipeline research frontiers

Breakdown of media article types

Find us on:
Twitter https://twitter.com/cofs_uwa
Facebook https://www.facebook.com/COFSUWA
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UWA News/media article 21%
Print article 19%
Online article 60%

PUBLICATIONS

Publications
Journal
Adcock, T. A. and Draper, S. (2015). “A note on the variation
in shape of linear rogue waves in the ocean.” Underwater
Technology 33(2): 75-80.
Adcock, T. A., Draper, S., Nishino, T. (2015). “Tidal power
generation - A review of hydrodynamic modelling.”
Proceedings of the Institution of Mechanical Engineers, Part
A: Journal of Power and Energy 229(7): 755-771.
Beckett, C., Fourie, A.B., O’Loughlin, C.D. (2015). “Centrifuge
modelling of seepage through tailings embankments.”
International Journal of Physical Modelling in Geotechnics
16(1): 18-30.

Colreavy, C., O’Loughlin, C.D., Randolph, M.F. (2015).
“Experience with a dual pore pressure element piezoball.”
International Journal of Physical Modelling in Geotechnics
DOI: 10.1680/jphmg.15.00011.
Darton, R. C., Zhang, W., Taylor, P.H. (2015). “Oscillation
of aerated liquid on perforated plates and flow-induced
vibration of column trays “ Chemical ENgineering Research
and Design 99(July): 49-57.
Deng, Y., Yang, J., Zhao, W., Xiao, L., Li, X. (2015). “An efficient
focusing model of freak wave generation considering wave
reflection effects”, Ocean Engineering 105(September):
125‑135.

Bienen, B., Qiu, G., Pucker, T. (2015). “CPT correlation
developed from numerical analysis to predict jack-up
foundation penetration into sand overlying clay.” Ocean
Engineering 108(November): 216-226.

Dong, Y., Wang, D., Randolph, M.F. (2015). “A GPU parallel
computing strategy for the material point method.”
Computers and Geotechnics 66(May): 31-38.

Bienen, B., Ragni, R., Cassidy, M.J., Stanier, S.A. (2015).
“Effects of consolidation under a penetrating footing
in carbonate silty clay.” Journal of Geotechnical and
Geoenvironmental Engineering 141(9): 04015040-04015041
to 04015040-04015010.

Draper, S., An, H., Cheng, L., White, D.J., Griffiths, T.
(2015). “Stability of subsea pipelines during large
storms.” Philosophical Transactions of the Royal Society
A: Mathematical, Physical and Engineering Sciences
373(2033): 1-22.

Blake, A. P. and O’Loughlin, C.D. (2015). “Installation
of dynamically embedded plate anchors as assessed
through field tests.” Canadian Geotechnical Journal: 52(9):
1270‑1282.

Feng, X. & Gourvenec, S. (2015) Consolidated undrained
load-carrying capacity of mudmats under combined loading
in six degrees-of-freedom. Géotechnique 65(7): 563-575.

Blake, A. P., O’Loughlin, C.D., Gaudin, C. (2015). “Capacity of
dynamically embedded plate anchors as assessed through
field tests.” Canadian Geotechnical Journal 52(1): 87-95.
Carneiro, D., White, D.J., Danziger, F.A.B., Ellwanger, G.B.
(2015). “A novel approach for time-dependent axial soil
resistance in the analysis of subsea pipelines.” Computers
and Geotechnics 69(September): 641-651.
Chow, S. H., O’Loughlin, C.D., Corti, R., Gaudin, C., Diambra,
A. (2015). “Drained cyclic capacity of plate anchors in
dense sand: Experimental and theoretical observations.”
Geotechnique Letters 5(2): 80-85.
Colreavy, C., O’Loughlin, C.D., Randolph, M.F. (2015).
“Estimating consolidation parameters from field piezoball
tests.” Geotechnique 66(4): 333-343.
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Feng, X., Gourvenec, S., Randolph, M.F., Wallerand,
R., Dimmock, P. (2015). “Effect of a surficial crust on
mudmat capacity under fully three-dimensional loading.”
Geotechnique 65(7): 590-603.
Gallop S.L., Collins M., Pattiaratchi C., Eliot M., Bosserelle
C., Ghisalberti M., Collins L.B. Eliot I., Erftemeijer P.L.A,
Larcombe P., Marigómez I., Stul T. and White D.J. (2015).
“Challenges in transferring knowledge between scales in
coastal sediment dynamics”. Journal of Frontiers in Marine
Science 2:82. doi: 10.3389/fmars.2015.00082.
Gao, F. P., Li, J.H., Qi. W.G., Hu, C. (2015). “On the instability
of offshore foundations: theory and mechanism.” Science
China: Physics, Mechanics and Astronomy 58(12): 1-17.
Hossain, M. S., O’Loughlin, C.D., Kim, Y. (2015). “Dynamic
installation and monotonic pullout of a torpedo anchor in
calcareous silt.” Geotechnique 65(2): 77-90.

Hossain, M. S., Zheng, J., Huston, A. (2015). “Effect of
spudcan geometry on penetration and extraction resistance
in clay.” Geotechnique 65(2): 147-154.
Hu, P., Wang, D., Stanier, S.A., Cassidy, M.J. (2015). “Assessing
the punch-through hazard of a spudcan on sand overlying
clay.” Geotechnique 65(11): 883-896.

Hu, P., Stanier, S.A., Wang, D., Cassidy, M.J. (2015).
“A comparison of full profile prediction methods
for a spudcan penetrating sand overlying clay.”
Geotechnique 5(3): 131-139.
Hu, P., Stanier, S.A., Wang, D., Cassidy, M.J. (2015). “Effect
of footing shape on penetration in sand overlying clay.”
International Journal of Physical Modelling in Geotechnics
DOI: 10.1680/jphmg.15.00013.
Jiang, M., Fu, C., He, J., Zhu, F. (2015). “Distinct element
method simulation of bonded-type methane hydrate
bearing sediments exploitation by thermal recoverydepressurization combined method.” Journal of Tongji
University 43(10): 1480-1486.
Jiang, M. and Zhang, W. (2015). “DEM analyses of shear band
in granular materials.” Engineering Computations (Swansea,
Wales) 32(4): 985-1005.
Jiang, M., Zhang, W., Wang, J., Zhu, H. (2015). “DEM analyses
of an uplift failure mechanism with pipe buried in cemented
granular ground.” International Journal for Geomechanics
15(5): 04014083-04014081 to 04014083-04014015.
Kim, Y. H., Hossain, M.S., Wang, D. (2015). “Effect of strain
rate and strain softening on embedment depth of a torpedo
anchor in clay.” Ocean Engineering 108(November): 704-715.
Kim, Y. H., Hossain, M.S., Wang, D., Randolph, M.F. (2015).
“Numerical investigation of dynamic installation of torpedo
anchors in clay.” Ocean Engineering 108(November):
820‑832.
Kim, Y. H. and Hossain, M.S. (2015). “Dynamic installation
of OMNI-Max anchors in clay: numerical analysis.”
Geotechnique 65(12): 1029-1037.
Kohan, O., Bienen, B., Gaudin, C., Cassidy, M.J. (2015).
“The effect of water jetting on spudcan extraction from
deep embedment in soft clay.” Ocean Engineering
97(March): 90‑99.

Kong, V., Cassidy, M.J., Gaudin, C. (2015). “Development
of a real-time hybrid testing method in a geotechnical
centrifuge.” International Journal of Physical Modelling in
Geotechnics 15(4): 169-190.
Kong, V., Cassidy, M.J., Gaudin, C. (2015). “Investigating
the failure mechanism of a spudcan penetrating next to
an existing footprint.” Theoretical and Applied Mechanics
Letters Special issue on offshore soil-structure interaction
5(2): 64-68.
Leckie, S. H. F., Draper, S., White, D.J., Cheng, L., Fogliani, A.
(2015). “Lifelong embedment and spanning of a pipeline on a
mobile seabed.” Coastal Engineering 95: 130-146.
Li C, White DJ, Vennapusa P (2015). Moisture-densitystrength-energy relationships for gyratory compacted
geomaterials. Geotechnical Testing Journal 38(4): 461-473.
Li, J. H., Cassidy, M.J., Tian, Y., Huang, J., Lyamin,
A.V., Uzielli, M. (2015).” Buried footings in random
soils: Comparison of limit analysis and finite element
analysis”. Georisk: Assessment and Management
of Risk for Engineered Systems and Geohazards,
DOI:10.1080/17499518.2015.1064 141.
Li, J. H., Tian, Y., Cassidy, M.J. (2015). “Failure mechanism
and bearing capacity of footings buried at various depths
in spatially random soil.” Journal of Geotechnical and
Geoenvironmental Engineering 141(2).
Li, J. H., Zhou, Y., Zhang, L.L., Tian, Y., Cassidy, M.J., Zhang,
L.M. (2015). “Random finite element method for spudcan
foundations in spatially variable soils.” Engineering Geology
DOI: 10.1016/j.enggeo.2015.12.019.
Li, X., Gaudin, C, Tian, Y., Cassidy, M.J. (2015). “Effects of
preloading and consolidation on the uplift capacity of
skirted foundations”. Géotechnique 65(12): 1010-1022.
Li, X., Tian, Y., Gaudin, C., Cassidy, M.J. (2015). “Comparative
study of the compression and uplift of shallow foundations.”
Computers and Geotechnics 69(September): 38-45.
Ma, H., Zhou, M., Hu, Y., Hossain, M.S. (2015). “Interpretation
of layer boundaries and shear strengths for soft-stiffsoft clays using CPT data: LDFE analyses.” Journal of
Geotechnical and Geoenvironmental Engineering 142(2).
Mahmoodzadeh, H., Wang, D. and Randolph, M.F. (2015).
“Interpretation of piezoball dissipation testing in clay.”
Geotechnique 65(10): 831-842.
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Mirzadehniasar, J., Kimiaei, M., Cassidy, M.J. (2015). “A
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GeoPIV – Fifteen years of image-based deformation measurement for soil in MATLAB
Back in 2003 COFS Dave White – along with then Cambridge
University colleagues Andy Take and Prof. Malcolm Bolton
– published a paper (White et al. 2003) on image-based
soil deformation measurement in Géotechnique, the preeminent journal in the field of Geotechnical Engineering
research. The paper described the application of crosscorrelation of digital images to determine the displacements
of subsets or patches within sequences of images of smallscale geotechnical models: a process known as Particle
Image Velocimetry (PIV) or Digital Image Correlation (DIC).
Following publication the authors publically released the
freeware MATLAB plug-in GeoPIV, containing all of the
subroutines for meshing, analysis and photogrammetric
correction of measurements. This package of subroutines
has since been enthusiastically applied in much of COFS
core activities exploring skirted shallow foundation
behaviour, lateral pipeline sweeping, jack-up spudcan
penetration, and plate anchor keying amongst others.
Outside COFS, the application of GeoPIV has ranged from
identification of the causes of loose granular slope failure to
the measurement of triaxial specimen deformation and even
the growth of plant roots! As a result of the utility of GeoPIV,
the original paper describing its performance has become
the 7th most-cited paper of all-time and the most-cited
paper since 1993 to appear in the pages of Géotechnique
with 600 citations1.
Fast-forward to 2014 and the visit of David Muir Wood
(as the inaugural ‘Martin Fahey Fellowship’ recipient)
sparked collaboration with Dave White, Sam Stanier and
visiting CGSE researcher Jim Hambleton on the veracity
of vermiculate strain features that had been observed in
image analyses of both retaining wall rotation and dynamic
compaction model tests in granular soils. A series of careful
numerically synthesised analyses demonstrated that the
1

Source: SCOPUS citation metric data from www.scopus.com.
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vermiculate strain features were a product of a breakdown
in the ability of GeoPIV to measure sub-pixel displacements
due to sub-optimal image quality (Stanier et al. 2016). This
catalysed the search for an alternative PIV/DIC algorithm
that can more robustly measure sub-pixel displacements,
which in turn led to a fruitful collaboration between Sam,
Dave, Andy and Justin Blaber of Georgia Tech., USA. The
result is a reincarnation of GeoPIV, called GeoPIV-RG,
in homage to the ‘reliability guided’ approach used to
determine the order in which the subsets or patches are
processed. The new algorithm also incorporates a firstorder subset shape function, allowing the subsets to distort
and rotate resulting in an improvement of measurement
precision of at least an order of magnitude as reported in
a recent paper in Canadian Geotechnical Journal (Stanier
et al. 2015). The updated package was released on the web
in late-2015 alongside ‘how-to’ videos and example data to
guide new users in its application (see http://www.geopivrg.
com). The new software is already in use by >250 individual
researchers at >140 institutions on every continent of the
planet except Antarctica!
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Large deformation finite element analysis in geotechnical research
Back in 1998, Yuxia Hu and Mark Randolph published a
paper describing a practical method for performing large
deformation numerical analyses in soil. The method
described – termed the RITSS method, which stands
for ‘Remeshing and Interpolation Technique with Small
Strains’ – employs a series of small strain finite element
analyses, periodic remeshing and assimilation of stresses
and state variables via interpolation to minimise element
distortion and associated errors (Hu and Randolph, 1998).
The paper, published in the International for Numerical
and Analytical Methods in Geomechanics, has since
been cited 168 times, making it the 4th most cited paper
since publication and the 10th most cited of all time
in the journal1. The original paper has led to a hive of
activity at COFS related to large deformation numerical
analysis. Almost every offshore problem involving large
deformations has been subjected to RITSS analysis over
the last eighteen years, including: pipeline penetration
and lateral sweeping; jack-up penetration and preloading;
and cone, t-bar, ball and shallow penetrometer behaviour;
and submarine landslide run out.
In parallel, other large deformation analysis methods
have been developed, including the Efficient ArbitraryEulerian-Lagrangian (ALE) technique developed by our
CGSE partner organisation, the University of Newcastle,
and the Coupled Eulerian-Lagrangian (CEL) approach
incorporated into the commercial package ABAQUS
1

Source: SCOPUS citation metric data from www.scopus.com.
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in recent years. The emergence of these alternative
techniques has led to questions about which method is
‘best’, resulting in Dong Wang drawing together a team
including COFS colleagues Britta Bienen, Yinghui Tian,
Jingbin Zheng and Mark Randolph, CGSE associate
Majid Nazem and Tim Pucker (formerly of the University
of Hamburg) to compare the performance of the
three methods. Four classical geotechnical problems
were investigated using each of the methods, where
appropriate, resulting in the reassuring conclusion that
the results from each of the methods are self-consistent
(Wang et al. 2015). Despite the RITSS and EALE methods
requiring in-house code development they also offer
the greatest scope for future extension, so it is very
likely that many more offshore geotechnical problem
will be receiving the RITSS treatment at COFS over the
coming years!
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Daewoo Shipbuilding and
Marine Engineering
Fugro Engineers BV
Geoprobing Technology
GHD Services Pty Ltd
Infra Tech Pty Ltd
Lloyd’s Register Group Limited
Norwegian Geotechnical Institute
Ngqura Harbour Contractors
Rio Tinto Technological
Resources Pty Ltd
Seaflex AB
Shell Australia Pty Ltd
Subcon Technologies Pty Ltd
Technip UK Limited
Total E&P Recherche
Developpement
Trilab Pty Ltd
University of Dundee
University of Alberta
Arup Pty Ltd
University of South Carolina
Wave International Pty Ltd
Woodside Energy LTD
WA-Energy Research Alliance

Research Grant
funding partners
• Australian Research Council
• Australian Research Council Centre

Academic Staff $4,293,238 – 44%
Non-Academic Staff $1,963,494 – 20%
Scholarships and Scholarship
Supplements $968,787 – 10%
Equipment $1,226,688 – 12%
Travel and Conferences $466,324 – 5%
Visitor Support $96,884 – 1%
Other Expenses $775,150 – 8%
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of Excellence in Geotechnical
Science and Engineering
Fugro AG Pty Ltd
Lloyd’s Regsiter Foundation
Shell Australia Pty Ltd
Department of Foreign Affairs
and Trade

Centre for Offshore Foundation Systems
Faculty of Engineering, Computing and Mathematics
The University of Western Australia
M053, Perth WA 6009 Australia
Tel: +61 8 6488 3094
Email: cofs@uwa.edu.au
cofs.uwa.edu.au

CRICOS Provider Code: 00126G

UniPrint 131902

