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Australian Research Council

Mission statement
The Centre will carry out fundamental research to an internationally recognised standard of 
excellence in the areas of the mechanics of seabed sediments, offshore geohazards, 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.

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

• Georisk: Develop stochastic analysis techniques to 
account for natural variability of sediment 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 industries, 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 
postdoctoral 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.

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 at a micro-structural 
level the key mechanisms that dictate critical aspects  
of seabed sediment behaviour, and quantify that 
behaviour with scientifically sound models that capture 
its key features.

• 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 system, taking account of  
risk factors.

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

• Offshore engineering: to develop coupled fluid structure-
soil models for problems such as multi-footed 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.
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The end of 2016 marked two decades of the Centre 
for Offshore Foundation Systems (COFS), originally 
founded as an Australian Research Council Special 
Research Centre in January 1997. Our mission to 
deliver engineering solutions to the oil, gas and 
renewable energies industry through research, 
teaching and engagement remains equally relevant 
today. In a year of restructure and renewal at 
UWA, COFS remained focused and delivered new 
infrastructure and projects. We are pleased to share 
these in this our 20th annual report.

We moved, as a founding centre, into the $62 million Indian 
Ocean Marine Research Centre (IOMRC) building, where 
we have built new laboratories and installed our third 
geotechnical centrifuge. Located on the UWA Crawley campus, 
the 7860sqm IOMRC building accommodates around 240 
research staff and 100 postdoctoral/postgraduate students 
from the Australian Institute of Marine Science, the CSIRO 
Oceans and Atmosphere Division and the UWA Oceans 
Institute. This places COFS at the heart of Australia’s world-
leading marine science capabilities. Interdisciplinary projects 
on renewable energy, ocean aquaculture and platform 
decommissioning are already planned. More than half of 
the IOMRC ground floor (770sqm in total), is dedicated to 
our geotechnical physical modelling laboratory, and the 
whole of the first floor (approximately 1200sqm in total) to 
our new offices.

Geotechnical centrifuges are essential facilities for the 
offshore oil, gas and renewable energy industry because 
both the strength and stiffness of soil depend on the stress 
it is under. Only by spinning the soil and geotechnical 
models at high gravities can similitude between the small-
scale models and full-scale conditions be maintained. In 
September 2016, in the IOMRC building, we installed our 
new 10m-diameter centrifuge that can spin up to 2400kg at 
around two-and-a-half revolutions per second, subjecting 
the soil to accelerations up to 130 gravities. Watching this 
49-tonne beast be craned through the roof was a tremendous 
thrill. Our workhorse 3.6m-diameter centrifuge was wheeled 
250m from its home of the last two decades to the new 
building, with the drum centrifuge to be relocated in 2017. The 
commissioning and relocation of our centrifuges, along with 
development of new capabilities in sample reconstitution 
and characterisation, data acquisition and motions 
control, officially marked the establishment of the National 
Geotechnical Centrifuge Facility (NGCF – www.ngcf.edu.au), 
a collaboration between the University of Western Australia 
and five other Australian universities1. The NGCF brings a 

1 Newcastle University, University of Wollongong, Monash University, 
University of Queensland, University of Adelaide

based app Datamap (http://www.geocalcs.com/datamap/). 
Thanks to James Doherty for developing and establishing 
this important archival tool, which allows further scrutiny of 
Ballina results by our Australian and international colleagues.

A range of COFS research outcomes was also provided in a 
free-to-access web-based app (webappsforengineers.com) 
in 2016. The online tools provide the geotechnical community, 
both academic and in industry, with direct access to COFS 
research outcomes to increase uptake and improve impact.

Engagement with industry remains a key focus for COFS. 
This is underscored by our hosting of 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. Numerous industry partners funded research 
at COFS in 2016, as we consulted on projects from deepwater 
FLNG anchors to near-shore wave-energy devices, and we 
even jumped onshore to study embankments. We appreciate 
all of these engagements, with details provided as special 
features of this annual report.

COFS academics continue to serve on international 
committees. Appointments in 2016 include: Britta Bienen as 
an Executive Member of IAEG Commission No. 34 – Marine 
Engineering Geology; Shiaohuey Chow to the scientific 
committee of the international conference CPT’18 (www.
cpt18.org); David White and Susan Gourvenec to the 
organising committee of the ninth International Conference 
on Physical Modelling in Geotechnics 2018; Susan Gourvenec 
to the organising committee of OMAE 2017; Andrew Grime to 
the Australian ISO Oil and Gas Technical Committee TC67; and 
Mark Randolph as an organiser of COME DOGS.

2016 saw publication of the revised offshore international 
standard ISO 19901-4, the first revision in 13 years of 
geotechnical and foundation design considerations, with the 
shallow foundations section led by Susan Gourvenec as  
Chair of the Technical Panel. It is remarkable that more than  
25 per cent of the references cited in this document originate 
from research at COFS or by our graduates.

Our industry engagement was strengthened with the 
launch of the Australian Research Council (ARC) Industrial 
Transformation Research Hub for Offshore Floating Facilities 
(known as the OFFshore Hub), led by academics across UWA’s 
offshore-engineering disciplines and partnering with Western 
Sydney University. Equally funded by the ARC and industry 
partners Shell, Woodside, Lloyd’s Register (LR) and Bureau 
Veritas (BV), the $10 million OFFshore Hub aims to improve the 
safety and cost-efficiency of floating oil and gas developments 
through integrated geotechnical, structural, hydrodynamic 
and oceanographic research. Five new Research Fellows have 
been appointed across the OFFshore Hub – Matt Rayson, 
Lifen Chen, Ian Milne, Joe Tom and Fauzan Sahdi – and 14 PhD 
students are enrolled. In total, 20 academics and 39 subject-
matter experts from Shell, Woodside, LR and BV are engaged 
in this work. A report on progress is enclosed. 

Our partnerships with Perth’s wave-energy companies 
continued in 2016. With Carnegie Clean Energy, we were 
awarded a $1 million grant from the Australian Renewable 
Energy Agency (ARENA) to develop solutions to optimise 
the size and location of wave-energy converter farms and 
reduce their levelised cost of energy. Other support from 
the ARC and the Lloyd’s Register Foundation has created 
a hub of activity concerning floating renewables, now 
engaging a multi-disciplinary group of about 15 academics 
and five PhD students, investigating issues associated with 
wave modelling, coastal engineering, hydrodynamics and 

broader and more enhanced range of capabilities to continue 
to support the research activities at COFS and service our 
geotechnical industry and academic community.

Construction of the new laboratory and installation of the 
centrifuges is the conclusion of 24 months of incredible team 
effort, and I acknowledge and thank all involved. Christophe 
Gaudin, Conleth O’Loughlin and John Breen, supported by 
the whole technical team, led the COFS effort. We also thank 
Chris Binks and Rowan Maclean of UWA Campus Management 
for their understanding and support, Actidyn Systems for 
designing and delivering our new centrifuge, and UWA and 
the Australian Research Council for their generous financial 
support. We can all be proud that this $10 million investment 
is a platform for Australia’s future leadership in geotechnical 
research worldwide and an important national facility 
to support our industry in delivering safe and economic 
geotechnical infrastructure.

Another key feature of our new IOMRC offices is the inclusion 
of the Woodside Energy FutureLab OceanWorks space. 
Funded by local gas giant Woodside, FutureLab OceanWorks is 
an open, relaxed collaboration space built to drive innovation 
in the offshore industry and to facilitate networking and 
participation between industry and academia (www.oceans.
uwa.edu.au/collaborations/woodside-futurelab/ocean-
works). A number of events have already been held in this 
space, including the launch night, at which UWA Oceans 
Institute PhD students presented their research in a series 
of self-made short films, and a Woodside Hackathon, where 
participants developed ideas on how to forecast LNG spot 
prices in the Asia regional market. Please feel free to contact 
the recently appointed Woodside OceanWorks curator 
Rochelle Gunn (Rochelle.Gunn@uwa.edu.au) with your ideas 
to come and innovate in this space.

Building national research infrastructure was not limited to the 
West. Testing at the National Field Testing Facility at Ballina, 
New South Wales is proving extremely productive. Established 
within the Australian Research Council Centre of Excellence 
for Geotechnical Science and Engineering (CGSE), in which 
we work collaboratively with colleagues at the universities of 
Newcastle and Wollongong, this soft-clay site has seen testing 
on novel penetrometers, trial embankments and shallow 
foundations. The facility provides a fantastic opportunity to 
develop and test new and existing site-investigation tools 
and to calibrate analytical and numerical geotechnical 
design methods for soft soils, including probabilistic site-
characterisation methodologies. Highlights in 2016 were the 
highly engaging international prediction exercises concerning 
the instrumented embankment and shallow foundations. All 
testing results from Ballina are available on a novel web-

Director’s report
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we congratulate Minjung Jun for his 2016 OMAE scholarship 
and Wangcheng Zhang for the 2016 prize for higher degree 
by research achievement in Mathematics, Physical Science 
and Engineering.

We wished a number of staff well as they moved to new 
endeavours. Dong Wang and Jinhui Li were appointed to 
professorial positions at the China Ocean University and 
Harbin University of Technology respectively; Antonio Carraro 
was appointed Senior Lecturer at Imperial College, London; 
and Nathalie Boukpeti was appointed Admissions Officer at 
UWA. We also thanked COFS stalwarts Ivan Kenny and Monika 
Mathyssek-Kilburn for their years keeping COFS finances 
on track (Monika is now sorting out our Science Faculty!) 
and Yaurel Guadalupe-Torres, Claire Bearman and Ying 
Guo for their commitment and service to the Geotechnical 
Testing Laboratory.

We celebrated Mark Randolph’s 30 years at UWA in 2016.  
As always Mark’s timing was impeccable, his party coinciding 
with the move of the 3.6m beam centrifuge (which Mark 
established in 1989) to its new home in the IOMRC building. 
Evidence of Mark’s spray of wisdom is still legible. With so 
many of Mark’s former colleagues returning for the event, the 
esteem in which Mark is held was evident and overwhelming.

It is hard to believe that this is our 20th annual report.  
Please enjoy. We look forward to welcoming you to our  
new office and facilities.

geotechnical engineering. We look forward to expanding this 
partnership with industry, community and government so as 
to help create a world-leading wave-energy industry based in 
Western Australia.

The many achievements of COFS’ academics continue to 
be recognised.

Dr Scott Draper was named 2016 Woodside Early Career 
Scientist of the Year in the Western Australian Government 
Science Awards. Scott has already established an 
international reputation in hydrodynamics, renewable-energy 
converters and fluid-soils interactions. In the last decade, 
COFS academics have received the WA Early Career Scientist 
Award four times and the WA Scientist of the Year twice, 
highlighting the esteem in which COFS is held by the Western 
Australian Government and reflecting the impact our research 
is having on our local industries. Congratulations to Scott on 
this tremendous accolade.

COFS received two paper awards from the UK’s Institution 
of Civil Engineers, as well as Editor’s Choice and Best Paper 
awards from the Canadian Geotechnical Journal and the 
ASTM Geotechnical Testing Journal respectively. Shiaohuey 
Chow, Conleth O’Loughlin and Christophe Gaudin, together 
with University of Bristol collaborators Drs Andrea Diambra 
and Ricardo Corti, received the Telford Premium Prize for 
drained cyclic capacity of plate anchors in dense sand: 
experimental and theoretical observations (Géotechnique 
Letters: 5(2)), and Yinghui Tian led a couple of Marks on 
Analytical solution for ultimate embedment depth and 
potential holding capacity of plate anchors (Géotechnique: 
65(6)), which received the David Hislop Award for the best 
paper in offshore engineering. Sam Stanier and David White 
are congratulated for receiving, with co-authors Justin Blaber 
(Georgia Tech., USA) and Andy Take (Queen’s University, 
Canada), the 2016 Editor’s Choice Award for their paper 
Improved image-based deformation measurement for 
geotechnical applications (Canadian Geotechnical Journal: 
53(5)). PhD students Anthony Blake, Colm O’Beirne and John 
Morton, along with Conleth O’Loughlin, Christophe Gaudin 
and Dave White, received the C.A. Hogentogler Award for best 
2016 paper in the ASTM Geotechnical Testing Journal (ASTM 
Geotechnical Testing Journal: 39(2)).

Congratulations to Sam Stanier for receiving an ARC DECRA 
award, and to Shazzad Hossain and Yuxia Hu for receiving 
their ARC Discovery project.

Ten students graduated with a PhD in 2016. Congratulations 
to Steven Cheng, Chao Han, Simon Leckie, Hongliang 
Ma, Jalal Mizadehniasar, Henning Mohr, Colm O’Beirne, 
Stefanus Safinus, Shah Neyamat Ullah and Jingbin Zheng 
on their achievements. Our students continue to receive 
numerous accolades for the quality of their research, and 

Staff
Director/ARC Laureate Fellow 
/Lloyd’s Register Foundation 
Chair in Offshore Foundations

Professor Mark Cassidy

Deputy Director/NGCF Director Professor Christophe Gaudin
Fugro Chair in Geotechnics Professor Mark Randolph
Shell EMI Chair Professor David White
Professors Professor Mike Efthymiou

Professor Susan Gourvenec

Professorial Fellow (Research) Professor Boris Tarasov
Associate Professor/
Geotechnical Laboratory 
Manager

Professor J. Antonio H. Carraro

Associate Professor/ 
NGCF Manager

Dr Conleth O’Loughlin

Lloyd’s Register Foundation 
Senior Lecturers

Dr Britta Bienen
Dr Scott Draper 

ARC DECRA Fellow Dr Muhammad Shazzad Hossain 

Senior Research Fellows Dr Andrew Grime
Dr Yinghui Tian
Dr Dong Wang

Research Fellows Dr Nathalie Boukpeti
Dr Lifen Chen
Dr Shiaohuey Chow
Dr Ian Milne
Dr Henning Mohr
Dr Jana Orszaghova
Dr Matt Rayson
Dr Sam Stanier
Dr Hugh Wolgamot
Dr Wenhua Zhao

Lloyd’s Register Foundation 
Lecturer

Dr Jinhui (Lisa) Li

Lloyd’s Register Foundation 
Research Associate

Dr Xiaowei Feng

Lecturer Dr Mehrdad Kimiaei

Research Associates Dr Ryan Beemer
Dr Ning (Steven) Cheng
Mr Youkou Dong
Dr Pan Hu
Dr Youngho Kim
Dr Raffaele Ragni
Dr Xiaojun Li
Mr Jalal Mirzadeh
Dr John Morton
Dr Dirk Rijnsdorp
Dr Stefanus Safinus
Dr Cristina Vulpe
Dr Liang Zhao

Business Manager Ms Lisa Melvin
Accounts Officer Mrs Monika Mathyssek-Kilburn
Purchasing Officer Mr Ivan Kenny
Administrative Officer Mrs Monica Mackman
Executive Assistant/
Administrative Officer

Ms Rochelle Gunn

Administrative Assistant Ms Dana Mammone

Senior Engineer Dr Yaurel Guadalupe-Torres
Senior Technicians (Soils) Mrs Behnaz Abdollahzadeh

Mrs Claire Bearman
Ms Ying Guo
Mrs Usha Mani

Technician (Soils) Ms Satoko Ishigami

Senior Technician (O-Tube) Mr Alex Duff
Laboratory Assistant (O-Tube) Ms Wei Sun

NGCF Lab Supervisor Mr John Breen
Electronics Engineer Mr Mike Turner
Senior Technicians (Electronic) Ms Khin Seint

Mr Andrew Van Dam
Mr Guido Wager

Chief Technician (Centrifuge) Mr Manuel Palacios
Senior Technicians (Centrifuge) Mr Kelvin Leong

Mr Adam Stubbs
Chief Technician  
(Mechanical Workshop)

Mr David Jones

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

Postgraduate students
Adriano Condez 
Gondarem Castelo
Anamitra Roy
Cathal Colreavy
Chao Han
Chao Sun
Chengwang Xiong
Colm O’Beirne
Dengfeng Fu
Diego Gomez Bautista
Dimitra Zografou
Dunja Stanisic
Ehssan Zargar

Fan Yang
Fangyuan Zhu
Fillippo Gaone
Fuming Yang
Guan Tor (Andrew) Lim
Hamed Poornaki
Henning Mohr
Hongchao Wang
Hongliang Ma
Hongyi Jiang
Huiting (Rachel) Liu
Indranil Guha
Jalal Mirzadeh

Jay(den) Chee
Jiayue Liu
Jingbin Zheng
Joe Tom
Joonmo Lee
Kai Xiang Koh
Kuntan Chang
Manuel Herduin
Maria Coronel Uriona
Mark Schneider
Michael Cocjin
Ming Fook Lim
Minh Tri Duong

Minjung Jun
Nicole Fiumana
Qiang Xie
Raffaele Ragni
Rasoul Hejazi
Shah Neyamat Ullah
Shengsheng Fan
Simon Leckie
Somaye Sadeghian
Stefanus Safinus
Steven Cheng
Tao Zhou
Terry Griffiths

Tianyuan Zheng
Wangcheng Zhang
Weidong Yao
Wen Gao
Wensong Zhang
Xiantao Zhang
Xiaoying Ju
Yifa Wang
Yining Teng
Youkou Dong
Yue Wang
Zefeng Zhou
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In October, COFS moved to the Indian Ocean Marine Research Centre building, which was built on UWA’s 
Perth campus. This building houses more than 240 researchers who undertake critical work in areas such as 
oceanography, marine ecology, fisheries, geochemistry, governance, marine technologies and engineering, and 
offshore geotechnical engineering.

The collaboration includes the development of new 
multidisciplinary research teams and a graduate training 
environment that will significantly advance Australia’s marine-
science capacity, capability and profile.

The development was made possible by a grant from the 
Australian Government as part of the Education Investment 
Fund, and contributions from the four collaborating 
organisations:
• Australian Institute of Marine Science (AIMS)
• CSIRO
• Department of Fisheries WA
• UWA Oceans Institute

COFS staff and students have settled into the new 
surroundings nicely, and are enjoying the benefits of having 
closer interaction with other researchers.

the University of Wollongong (supported by Queensland 
University), Monash University and the University of Adelaide 
to maintain Australia at the forefront of centrifuge modelling. 
With this new addition, the NGCF is the only facility in the 
world operating three geotechnical centrifuges, in a new 
700sqm laboratory. It will continue to service the academic 
and industry geotechnical engineering community in Australia 
and worldwide, reaching out to both offshore and onshore 
geotechnical engineering projects.

The new 10m-diameter beam centrifuge, freshly commissioned

The building also has an auditorium that seats 100 people as 
well as an adjoining break-out area for conferences, events 
and other functions.

The first floor incorporates the FutureLab OceanWorks area. 
FutureLab OceanWorks is a collaboration between Woodside 
FutureLab and The University of Western Australia. It is a 
unique new space aiming to bring together industry and 
academia, share and spark new innovations that advance 
industry impact, and deliver science and research outcomes 
associated with Ocean Engineering. FutureLab OceanWorks is 
an open, relaxed space to hang out, work, collaborate, meet 
new people, network or participate in an event. A range of 
events takes place in the space, led by both industry and 
researchers and aiming to share skills or knowledge, or to 
support and promote innovation and collaboration across 
Ocean Engineering. If you have an event idea or need further 
information, please contact oceanworks@uwa.edu.au.

The ground floor is home to the newly established National 
Geotechnical Centrifuge Facility (NGCF – www.ngcf.edu.au), 
which hosts COFS’ two existing geotechnical centrifuges, and 
the newly commissioned 10m-diameter beam centrifuge. The 
new centrifuge is the result of a collaboration between The 
University of Western Australia, the University of Newcastle, 

Building for 
the future

The control room of the beam centrifuge
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of more complex interpretation. 
Under the scope of the Remote 
Intelligent Geotechnical Seabed 
Surveys (RIGSS) Joint Industry 
Project, two interpretation 
methods (direct and indirect) 
were developed for deducing the 
undrained shear strength from 
a slender, conical-tipped FFP. 
Application of both methods 
to a series of centrifuge tests in 
normally consolidated kaolin clay 
reveals that the direct method – 
using the tip load cell and u2 pore 
pressure measurements – is much 
more reliable and can produce 
strength profiles that are within 
10 per cent of those obtained 
from push-in piezocone tests, 
compared with variations of up 
to 75 per cent for the indirect 
accelerometer-based method. 
The centrifuge study also provides 
direct quantification of the strain-
rate enhancement of tip and 
shaft resistance, revealing much 
higher strain-rate dependency 
for shaft resistance than is 
typically allowed for. Two FFP field 
prototypes were also developed 
at COFS, with ongoing field trials 
under the banner of the Woodside 
Futurelab RiverLab.

Research reports – Offshore sediments

HR Wallingford, supported by collaborative visits to 
Wallingford by Scott, and to Perth by John Harris and 
Richard Whitehouse. Model testing in the O-tube is being 
used to unravel the fluid-structure-seabed interaction 
that leads to scour and progressive undermining of 
subsea foundations.

In a further presentation at OTC, David White delivered a 
paper summarising the outcomes of COFS’ recent Joint 
Industry Project on the geohazard of submarine slide-
pipeline interaction. This JIP triggered a sequence of PhDs 
supervised by Mark Randolph and Dong Wang on numerical 
modelling of deepwater submarine slides. Their student, 
Wangcheng Zhang, working with Alexander Puzrin at ETH 
Zurich, has tackled the transition from progressive to 
catastrophic propagation of shear bands in submarine 
landslides with curvilinear geometries, initiated by 
seismic shaking, sedimentation and hydrate dissociation. 
Theoretical criteria for both failures have been proposed 
and validated by large deformation finite element (LDFE) 
and finite difference (FD) simulations, and will shortly 
appear in Géotechnique.

Research reports –  
Offshore geohazards and seabed mobilityThe 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 is also a major focus of 
this research stream, with emphasis on features that 
are relevant to offshore engineering. The following 
stream report describes selected highlights of the 
activities of the Offshore Sediments group in 2016.

Impact of calcareous sediment 
micropaleontology on its mechanical properties
Calcareous sediments are prominent throughout the 
equatorial offshore environment and have been known 
to be problematic for offshore foundation systems. These 
fascinating soils consist mainly of skeletal remains of single-
celled organisms and can be as geologically complex as 
their onshore siliceous counterparts. Over the past year, 
COFS has begun interdisciplinary research in collaboration 
with Dr. Alexandre Bandini-Maeder (a micropaleontlogist 
from the Norwegian Geotechnical Institute – Perth and the 
Centre for Energy Geoscience at The University of Western 
Australia) into the study of effects of geobiological origin on 
the bulk mechanical properties of calcareous sediment. This 
research involves many unique techniques to classify and 
sort the soil by grain biology, including optical microscopy, 
scanning electron microscopy and 3D modelling from 
micro- computed tomography. These fundamental studies 
on micropaleontology in 2016 will lead to more traditional 
geotechnical testing in 2017, including particle crushing during 
one-dimensional compression and simple shear.

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, in which we work with colleagues across 
UWA and internationally.

During 2016, a key focus has been on completion of the 
STABLEPIPE Joint Industry Project (JIP) supported by 
Woodside and Chevron. We worked with DNV to transpose 
the STABLEPIPE stability design methods, authored by 
Liang Cheng, Scott Draper, Hongwei An, David White and 
Terry Griffiths, into a DNV guideline ready for industry 
use. DNV’s Olivier Royet and Wen Gao – a recent UWA PhD 
graduate – worked through our research with a fine-
tooth comb, and the resulting document will support the 
operators to deploy our research. The STABLEPIPE method 
turns pipeline stability design on its head, by first assessing 
the stability of the seabed.

Meanwhile, water continued to flow – in monotonic, regular 
and cyclonic patterns – through UWA’s O-tube facilities. 
After completing his PhD, Henning Mohr embarked on a 
major program of testing to underpin a Woodside-funded 
ARC Linkage Project, led by Liang, Scott, Hongwei and 
Dave. This work is extending our pipeline stability studies 
to the behaviour of small-diameter umbilicals and cables, 
quantifying how they ‘hide’ from hydrodynamic loading 
in the seabed boundary layer. Terry Griffiths has been 
conducting parallel work, looking at the interaction 
between cables and rocky seabeds, to improve the 
longevity of power cables.

Joe Tom his PhD studies into scour beneath oscillation risers 
and mooring chains, supervised by Scott and Dave, and 
presented a new method for reliability-based forecasting 
of scour at the Offshore Technology Conference (OTC) in 
Houston. Scour work is ongoing with 

Centrifuge test results:  
(a) velocity profiles for 
free-fall penetrometer (FFP) 
tests; (b) rate effects in cone 
net tip resistance; and  
(c) satisfactory undrained 
shear strength estimation 
using tip load cell method

 

 

 

 

 

 

Optical microscopy of a deep-sea calcareous sediment

3D models from micro-
computed tomography scans of 
calcareous sediments

Micro-computed tomography slice 
of Foraminifera

Characterising sediments  
with free-fall penetrometers
Seabed strength may be determined rapidly using free-fall 
penetrometers (FFPs); the tool is simply released above the 
sea floor and penetrates under gravity into the seabed. The 
speed and ease of deployment relative to conventional push-
in penetrometers is attractive, with the trade-off of the loss 

Wangcheng Zhang’s large deformation finite element analysis of landslide propagation

Large O-tube test of a cuboidal structure in a fine sand. Equilibrium 
scour and settlement depth after 1.5 hours caused by a steady current 
of approx. 0.5m/s. Flow from left to right

cofs.uwa.edu.au 1514 The University of Western Australia



Offshore renewable energy systems
In Australian waters, the development of renewable energy  
is at an infant stage and focuses mainly on shallow water 
depths with sandy seabeds. Investigations through model 
testing and finite element analyses have encompassed the 
performance of a wide range of foundation solutions,  
from single-plate anchors and shared caissons to  
large-diameter monopiles.

The drained cyclic capacity of plate anchors in dry, dense sand 
was investigated through an experimental study, and 
interpreted using an elasto-plastic macro-element model 
incorporating a memory surface. The experimental data 
shows that when cyclic loading is low, relative to the 
monotonic capacity, increases in the eventual capacity (up to 
13 per cent higher) are observed. However, when the 
magnitudes of the cyclic loads are closer to the monotonic 
capacity, no increases in capacity are observed. These 
responses are explained using an elasto-plastic macro-
element model extended with expandable bounding and 
memory surfaces that address the increase in strength or 
stiffness caused by changes in soil density and fabric when the 
anchor is subject to cyclic loading in dense sand.

Research reports – Offshore foundation systems
In 2016, the focus has remained on the behaviour 
and performance of spudcans, shallow foundations 
and anchors for supporting offshore oil and gas 
rigs and floating platforms, but with a shift towards 
investigation of new issues relevant to foundations/
anchors for offshore renewable energy systems.

Offshore oil and gas drilling rigs 
and floating platforms
For deepwater floating platforms, a novel dynamically 
installing fish anchor has been developed and patented. 
Learning from nature, the fish anchor features an elliptical-
shaped shaft – allowing the reduction of hydrodynamic drag 
resistance – two sets of fins and a padeye near the head. The 
shaft is designed to be thicker in the head than the tail, to 
lower the centroid of the mass and increase the diving 
potential. The padeye is placed in the perpendicular plane of 
the wider side of the shaft so that the greater projected area 
could be achieved against operational loadings. A series of 
centrifuge model tests in calcareous silt ensured the anchor’s 
diving ability upon pull-out, something that’s not possible for 
the conventional torpedo anchor and that is an identified 
challenge for conventional OMNI-Max anchor, hence the higher 
post-peak capacity.

Large seabed trenches have been observed adjacent to some 
suction caisson anchors with taut-line mooring systems, due 
to the interaction of the mooring chain and the seabed. The 
presence of the trenches jeopardises the geotechnical 
capacity of the caisson. Load capacity of the caisson anchors 
exposed to seabed trenching was investigated, and the 
inclined pull-out capacity of a suction caisson in a trenched 
seabed is presented against that for an intact seabed, 
considering trench width and load inclination angle. Designing 
for inevitable trenching by adjusting the initial padeye location 
is highlighted.

The dynamic motion of a floating renewable energy device 
results in specific conditions such as snatch load, for which 
the load can temporarily exceed the static capacity of the 
foundation. A mathematical framework based on the 
balance of inertial forces and external loads has been 
developed to predict the displacement history of 
foundations when subjected to several episodes of failure 
through snatch loads. A comparison was made between 
frictional anchor and bearing anchor demonstrating that 
the latter has higher potential in surviving extreme loads. 
This provided new insights into the use of plate anchor as  
an effective anchoring system for floating wave-energy  
converters.

The commercial development of wave energy will require 
a large number of wave-energy converters (WECs) to be 
arranged in arrays. Hydrodynamic investigations are 
being carried out aiming at optimising the nearshore 
location of WEC arrays based on the characteristics of 
the wave transformation, while balancing their potential 
environmental impacts on neighbouring shorelines. An 
existing open-source phase-resolving wave model has been 
extended to account for these interactions. This approach 
allows for realistic simulations of the wave field and their 
interactions with WECs, thereby improving the optimum 
placement of WEC arrays, and the understanding of their 
environmental impacts.

In parallel, the concept of anchor sharing, whereas a single 
anchor is connected to multiple floating renewable devices 
is being investigated. This requires an understanding of the 
capacity of the foundation when loaded from multiple 
directions. The ultimate capacities in different directions 
will vary after loading in one direction, which is 
fundamentally caused by the redistributions of the void 
ratio around the caisson and hence the dilatant behaviour 
of the frictional sand changes accordingly. It is believed that 
the initial state of sand, measured by the distance between 
the current and critical void ratios at the same mean 
pressure ( ), would determine the dilative behaviour.  
A theoretical model incorporating the state parameter ( ) 
into the estimation of dilatant behaviour of the caisson 
lateral capacity in sand is put forward. The figure below 
summarises the results from numerical simulation showing 
variation of the dilatant behaviour and peak capacities with 
different initial state ( ).
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Hypoplastic model for a consolidation 
problem modelling
A hypoplastic constitutive model for structured clays 
was successfully implemented into Abaqus/Standard to 
simulate coupled effective stress-pore fluid analyses. Large 
deformation analyses using the RITSS procedure were used to 
model initial spudcan penetration, with the results mapped 
to subsequent 3D analyses to determine the combined 
VHM capacity. Different to conventional elasto-plasticity, 
the hypoplastic model is able to capture the non-linearity 
of the problem from early stages of small straining. The 
capability of the model to simulate coupled analyses was 
exploited to simulate the effects of a load-hold period, which 
revealed significant increases in combined capacity following 
consolidation. More details can be found in numerical 
modelling of the effects of consolidation on the undrained 
spudcan capacity under combined loading in silty clay, 
(Ragni, Bienen, Wang, Mašín & Cassidy (2017), Computers and 
Geotechnics, 86, 33-51).

Research reports –  
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 non-
linear soil-fluid-structure interaction. The team 
has capabilities in offshore geotechnics, seabed 
mobility, hydrodynamics, sloshing and structural 
analysis, as well as modelling at the interfaces of 
these disciplines.

Highlights: 

Installation of dynamically installed anchors in 
rate-dependent porous soil
A new algorithm has been developed to enable strain-rate 
effects and dynamic effects to be accounted for in an effective 
stress-based, large deformation, finite element analysis. The 
approach has been applied to the installation of dynamically 
installed anchors in clay. The deceleration profile of the 
installing anchor can be tracked and the installation-induced 
excess pore pressures quantified. More details can be found 
in effective stress analysis of a dynamically installed anchor 
penetrating into rate-dependent soil, Chang, Wang & Hossain, 
International Offshore and Polar Engineering Conference, 2017 
(2017-TPC-0360).

Excess pore pressure around a dynamically installing anchor

Excess pore pressures  
a) without consolidation; b) after consolidation

Hydrodynamics of wave energy
Foundation costs for taut-moored wave-energy converters 
(WEC) currently represent a significant fraction of the total 
project cost. Work being undertaken at COFS, in collaboration 
with Carnegie, is aiming to reduce this fraction through better 
understanding of extreme loads and novel foundation design, 
as well as optimised placement of arrays of WECs along the 
coastline. During 2016, analysis of model-scale laboratory 
tests of Carnegie’s CETO WEC in extreme seas was carried out 
by Drs Wolgamot and Orszaghova, leading to the identification 
of ‘designer’ wave groups that lead to the maximum motion of 
the device. Use of these deterministic short-duration transient 
wave groups not only leads to a valuable cost/time reduction 
in computational fluid dynamic (CFD) simulations and/or 
laboratory testing, but also gives improved understanding of 
the interaction of very large waves with CETO – a requirement 
for better understanding of foundation loads and optimised 
foundation design.

Useful insights into the dynamic behaviour of the device 
have also been gained by analysing laboratory tests under 
operational conditions. An instability in the transverse 
direction (large sway motion in unidirectional waves) has been 
observed under certain wave conditions and mechanical 
power take-off settings. A mathematical model representing 
the device as an elastic damped pendulum system has been 
successfully used to predict the instability.

Ratios of fatigue damage between dynamic and quasi-
dynamic analyses, as well as the relation between fatigue 
damage and statistical characteristics of the line dynamic 
responses for different line configurations and load cases, 
have also been studied in detail.

Research reports – Offshore engineering science
During 2016, the Engineering Science stream 
continued to progress research across a range 
of applications in the oil and gas and marine 
renewable-energy industries. Researchers within 
the stream are an integral part of the Industrial 
Transformation Research Hub in Offshore Floating 
Facilities as well as additional research projects in 
subsea engineering hydrodynamics (with Woodside) 
and wave energy (with Carnegie Clean Energy). 
Initiatives such as RiverLab have also continued.

The research stream has now grown to encompass more 
than 10 academics supervising more than 15 PhD students. 
In this research report we have chosen to focus on just 
two highlights of research from within the stream: (i) the 
work being completed on the analysis of mooring lines 
and (ii) the hydrodynamics of a wave-energy device. These 
projects provide a good example of the breadth of research 
within the stream.

Mooring lines
Last year, the stream, led by PhD student Dunja Stanisic 
together with Dr Kimiaei and Prof Efthymiou, continued 
research on the extreme loads of mooring lines. SESAM 
software modules have been used to build a coupled model 
of a large turret-moored, ship-shaped vessel with mooring 
lines and risers. The results from the model have been used 
to evaluate current industry methods to estimate the extreme 
mooring response (to be reported in a forthcoming OMAE 
paper). Further to this, an efficient and reliable method of 
obtaining the extreme design mooring response has been 
developed. This method is also used to develop a long-term 
distribution of the mooring-line response, which is used in 
reliability studies.

Work has also been initiated this year on the fatigue response 
analysis of mooring lines in deep water, where line dynamics 
can play an important role on the mooring-tension variations. 
Dr Kimiaei has coordinated research to compare sophisticated 
fully coupled dynamic results with industry-standard quasi-
dynamic results for a sample deep-water-moored Floating 
Production Storage and Offloading (FPSO) installation.  
This has quantified the effect of line dynamics on the  
mooring-fatigue response (Sedghi & Kimiaei, 2016). 

SESAM model of a large turret-moored, ship-shaped 
vessel with mooring lines and risers

Model-scale laboratory testing 
of Carnegie’s CETO device, 
measuring device motions and 
loads in the tether under very 
severe waves. The attachment 
to the frame is representative of 
anchoring to a sea bed foundation

Comparing dynamic and quasi-dynamic line tension time-history records 
for a sample mooring line in deep waters for total, low and wave-
frequency motions
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3D simulation of gap resonance 
between closely spaced bodies
3D numerical modelling has been conducted on two bodies 
arranged side-by-side, based on the advanced CFD software 
OpenFoamR. For the first time in 3D gap-resonance modelling, 
the boundary layer was solved so as to capture the viscous 
damping character in the gap. The numerical model has been 
validated through comparison with 3D experimental results. 
More details can be found in Development of a CFD model to 
simulate 3D gap resonance applicable to FLNG side-by-side 
offloading, Wang, Draper, Zhao, Walgamot & Chen, Offshore 
Marine and Arctic Engineering Conference, OMAE2017-61673.

Controlling lateral buckling with 
pre-deformed pipeline
The random finite element method, which synergically 
combines spatial variability analysis, finite element analysis 
and Monte Carlo analysis, has been applied to investigate 
the effect of the spatial variability in pipe-soil interaction on 
the buckling behaviour of pre-deformed offshore pipelines. 
The method takes advantage of pre-installation, out-of-
straightness deformations to reduce the axial stiffness of the 
pipeline, resulting in delay and/or elimination of the onset of 
lateral buckling. This potentially saves hundreds of millions 
of dollars by eliminating the need for subsea structures in 
controlling lateral buckling. More details can be found in 
Elimination of lateral buckling of high temperature gas subsea 
pipelines, Chee & Walker. The Element – A Simuserv Quarterly 
Publication For the Simulia Abaqus Unified FEA Solution, 
Issue 8, 3-5.

Simulation of the anchor loads in taut moorings
A numerical model has been developed to predict coupling 
between mooring dynamics and soil-chain interaction. A new 
chain-soil interaction model, which includes hysteresis effects 
associated with irrecoverable relative chain-soil displacement, 
has been developed and calibrated against experimental 
results. Simulations of cyclic vessel motions and the resulting 
chain-seabed interaction can be modelled and the response 
interrogated. More details can be found in anchor loads in 
taut moorings: the impact of inverse catenary shakedown, 
Xiong, White, Neubecker, Zhao & Yang, submitted to Applied 
Ocean Research.

Research reports – Physical modelling technology

Engineered pipeline buckles during operating condition

Schematic of taut mooring system with embedded anchor

3D CFD simulations of the gap resonance  
relevant to side-by-side offloading

We model complex geotechnical problems by 
spinning reduced-scale models in a geotechnical 
centrifuge, replicating the self-weight stresses in 
real geotechnical structures. This ensures that 
measurements and observations from centrifuge 
experiments are representative and meaningful.

The move to the new Indian Ocean Marine Research Centre 
meant that centrifuge testing in 2016 was more restricted than 
in previous years. However, the NGCF (National Geotechnical 
Centrifuge Facility) team managed to conduct testing for 
academic and industry users, including onshore testing of 
piled embankments for Monash University, offshore anchor 
tests for Delmar Systems (USA), and caisson tests for POSCO 
(South Korea). This report gives a flavour of the activities.

Suction bucket foundations for offshore 
wind energy installations in layered soils
COFS, in collaboration with Lloyd’s Register, continued 
investigating the performance of suction buckets as 
foundations for offshore wind farms in the sand and layered 
soil seabeds prevalent in the North Sea. The experiments 
– conducted both at single gravity and in the centrifuge – 
involved up to one million cycles of lateral load to investigate 
accumulated rotation of the suction bucket and stiffness 
changes, which affect serviceability and fatigue-limit 
states respectively.

Soil failure mechanisms around  
full-flow penetrometers
In an attempt to better understand the behaviour of full-
flow penetrometers in single- and multi-layer clay deposits, 
centrifuge experiments incorporating particle image 
velocimetry (PIV) were conducted to observe soil flow 
mechanisms for T-bar and ball penetrometers. The key 
discoveries include (i) the formation and evolvement of an 
inner cavity above the T-bar when penetrating stiff clay, (ii) 
the features of the failure mechanisms for a ball penetrometer 
with a large shaft-ball area ratio, and (iii) the quantified effect 
of soil layering on the full-flow mechanism.

Observation of a trapped cavity above the T-bar penetrometer in stiff clay 
(left) and the observed flow mechanism around a ball penetrometer with 
a shaft-to-ball area ratio of 25 per cent (right)

Physical modelling of suction buckets under lateral cyclic loading in sand and layered seabeds: single gravity testing (left), centrifuge testing (right)
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Ali, jointly supervised by Andrea Lyamin, Jinsong Huang, Scott 
Sloan and Mark Cassidy, introduced adaptive meshing into 
this probabilistic approach. Statistical representation of the 
failure loads of applications as diverse as eccentrically loaded 
strip footings (Ali et al., 6th Asian-Pacific Symp on Struct. 
Reliab. 311-316), layered slopes (Ali et al., Acta Geotecnica, 
doi:10.1007/s11440-016-0505-1) and circular tunnels (Ali 
et al., Computers and Geotechnics, 84, 16-27 doi: 10.1016/j.
compgeo.2016.11.013) have been calculated and published.

Failure mechanism in a random soil using adaptive remeshing

New spudcan shapes aimed at mitigating risk in 
mobile jack-up platform operations
A novel spudcan shape has been established with the 
aim of mitigating (i) punch-through in layered soils and (ii) 
lateral sliding interacting with an existing footprint – two 
major concerns for the jack-up industry. A series of 3D large 
deformation finite element simulations and 1g model tests 
were carried out. The results indicate that the novel spudcan 
with six circular holes and sloped or flat-bottom profile has 
the potential to ease punch-through and spudcan-footprint 
interactions without any additional mechanical operations 
required. The new shape has been patented with industry 
collaborators DSME.

Research reports – 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. Challenges addressed by the Georisk 
research team in 2016 include:

Probabilistic prediction of spudcan installation
A probabilistic Bayesian framework has been developed by 
PhD student Fuming Yang to assess the potential of a jack-up 
punch-through failure during installation. By supplementing 
COFS’ recently developed analytical models with 
uncertainties in the soil-spudcan system, this probabilistic 
approach is capable of estimating a range of potential 
punch-through factors. Furthermore, an innovative Bayesian 
technique is applied for a real-time updating, allowing 
potential application of incorporating field-monitored data 
during the spudcan installation to improve predictions. As 
will be presented by Fuming at the sixth GeoRisk conference 
in Denver in 2017, the Bayesian methodology provides 
explicit information regarding the punch-through potential 
in sand-over-clay (such as the punch-though depth shown 
in the figure below), enables a more comprehensive insight 
into the behaviour of the soil-foundation system, and in time, 
hopefully, will become a decision-making tool for offshore 
engineers during jack-ups installation.

Comparison between probabilistic prediction and experimental 
measurement of punch-through distance in centrifuge test L1SP1

Development of random limit analysis methods 
with University of Newcastle
Last year saw continuation of the collaboration on developing 
random limit analysis methods within the Australian Research 
Council Centre of Excellence for Geotechnical Science and 
Engineering. In this method we combine random fields and 
the deterministic finite limit analysis to calculate stability 
within a Monte Carlo framework. In 2016, PhD student Abid 
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Failure mechanisms in silica and carbonate 
sands using synchronised PIV technique
Multi-scale Particle Image Velocimetry (PIV) has been 
employed in centrifuge tests of shallow foundations on silica 
and a selection of carbonate sands, to understand whether 
or not foundation capacity can be reliably predicted from 
cone resistance. The different soil deformation mechanisms 
revealed through PIV pointed towards the importance of 
particle shape, which affects the failure mechanism and in 
turn the potential success in predicting foundation response 
based solely on cone resistance.

Deformation mechanisms in sand under a vertically loaded strip footing: 
(a) silica sand, (b) carbonate sand – Ledge Point
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The team, along with Mo Mi (Woodside) and Juan Zhang, 
Hyo-Jin Lee (Australia Department of Foreign Affairs and 
Trade), was then hosted on a tour of the DSME Shipyard at 
Okpo, Geoje city. In a grand ceremony (telecast by Korean 
Broadcasting System and reported in Korean newspapers),  
a MoU was signed between COFS and Geoje City, and a second 
MoU was signed between COFS and the Geoje Chamber of 
Commerce. Honourable Mr Minho Kwon, Geoje city Mayor, 
and Richard Fogarty, Counsellor (Education and Science/
Australian Embassy Korea) were present along with Mo Mi, 
Juan Zhang, Hyo-Jin Lee and other delegates from DSME.

MoU between COFS and Geoje City

EDF-EN
During a three month sabbatical at the Université catholique 
de Louvain Mark Randolph spent a day each week in Fugro’s 
Brussels office, working principally with Jean-Christophe 
Ballard, Benoit Spinewine and Richard Jewell.

The visit to Europe also provided opportunities to continue 
collaboration with the renewable energy arm (EDF-EN) of 
the French electricity company, Électricité de France, in 
connection with wind farm developments off the coast of 
France. Towards the end of 2016, medium-scale pile load tests 
were carried out in a disused limestone quarry at Gouvieux, in 
the vicinity of Chateau Chantilly about an hour north of Paris. 
These tests will assist with the design of monopiles to support 
offshore wind turbines.

Professor Randolph worked with Fugro France, in particular 
Zine Delimi, in respect of interpreting site investigation data 
and predicting the pile response ahead of the Gouvieux 
tests. He will continue to work with Elisabeth Palix (EDF-
EN) and Elisabeth Duranteau (EDF) in the coming years 
as co-supervisor of their sponsored PhD student, Anaïs 
Lovera, based at École des Ponts in Paris. Anaïs’ PhD 
focuses on detailed back-analysis of the pile load tests and 
development of new design models for piles in cemented 
carbonate sediments.

Links and collaborations Charles University of Prague
A fruitful link between Britta Bienen from UWA and David 
Mašín from Charles University of Prague originally sparked 
the intention to implement a hypoplastic constitutive model 
into coupled pore fluid-stress large deformation numerical 
analyses. Raffaele Ragni visited Charles University, with a 
reciprocal visit by a PhD student from Prague to UWA planned 
for 2017. This will further strengthen the ongoing collaboration, 
which has already led to several joint publications, the latest 
being Numerical modelling of the effects of consolidation on 
the undrained spudcan capacity under combined loading in 
silty clay, Ragni, R., Bienen, B., Wang, D., Mašín, D., Cassidy, M.J. 
(2017). Computers and Geotechnics, Vol. 86, pp. 33-51.

DIANA FEA
Britta Bienen initiated a new collaboration with Frederico 
Pisanò (TU Delft, Netherlands), and Claudio Tamagnini and 
Diana Salciarini (University of Perugia, Italy), on integrated 
modelling of offshore wind turbines, with support from  
DIANA FEA. Frederico visited COFS as a Martin Fahey Fellow. 
The project will draw on the hypoplastic macro-element 
model developed in collaboration with Diana and Claudio:  
A hypoplastic macroelement for shallow foundations subject 
to six-dimensional loading paths, Salciarini, D., Bienen, B., 
Tamagnini, C. (2011). Proc. International Symposium on 
Computational Geomechanics (ComGeo II), Cavtat-Dubrovnik, 
Croatia, pp. 721-733.

Bristol University
Shiaohuey Chow continued to collaborate with Andrea 
Diambra from Bristol University through the UWA Research 
Collaboration Award. Andrea visited COFS twice, in June 
2016 for two weeks, and in December 2016 for four weeks. 
Shiaohuey also visited Bristol University for a week in October 
2016. They worked together with Conleth O’Loughlin and 
Christophe Gaudin on centrifuge modelling of undrained 
cyclic capacity of plate anchor in sands. A long-term 
collaboration plan has also been established between 
COFS and Bristol University to develop macro-element 
modelling of plate anchor keying in sand, and to implement 
advanced constitutive models for sand in commercial finite-
element software.

 
Christophe, Andrea, Shiaohuey and Conleth in NGCF facility

In October 2016, Britta Bienen delivered a plenary lecture 
entitled Offshore wind farms: prediction of foundation 
behaviour at International Symposium on Marine Engineering 
Geology (ISMEG 2016). 

Britta delivered a plenary lecture at ISMEG 2016

SKLCOE-COFS collaboration 
The 2016 SKLCOE-COFS Collaborative Workshop was held  
at UWA on 9 December 2016. The workshop aimed at 
strengthening the international collaboration between 
SKLCOE and COFS in the direction of offshore oil and gas 
exploration. SKLCOE is one of the state key laboratories at 
Dalian University of Technology (DUT). The workshop was 
supported by the International Joint Research Laboratory 
(IJRL) between DUT and UWA, a scheme initiated by the 
Ministry of Education, People’s Republic of China. The 
establishment of the IJRL is to encourage international 
research collaborations on frontier technological challenges in 
ocean and offshore oil and gas engineering. Currently the IJRL 
is in the application process. Twelve presentations took place 
during the workshop, covering both offshore hydrodynamic 
and geotechnical topics. It was an excellent opportunity for 
the researchers from the two organisations to exchange 
research ideas and to seek new collaborations.

COFS-SKLOE workshop, 2016

Dalian University – signing the MoU

COFS awarded Australia-Korea 
Foundation grant
COFS was awarded a grant from the Australia-Korea 
Foundation (AKF) in the Department of Foreign Affairs and 
Trade (DFAT). The grant was to widen and deepen ongoing 
collaborations between COFS, three Korean academic 
institutes (Seoul National University (SNU), Korean Advanced 
Institute of Science and Technology (KAIST), Kongju National 
University), and three companies (Daewoo Shipbuilding and 
Marine Engineering Co. Ltd. (DSME), Hyundai Engineering and 
Construction, POSCO Steel Solution) to address geotechnical 
challenges in oil and gas extraction and renewable wind-
energy harvesting. This project used numerical and physical 
modelling to improve spudcan shapes for drilling rigs, and 
bucket foundations for wind turbines. 

DSME yard tour with UWA, WOODSIDE and DFAT delegation team

COFS-Korean industry collaboration
A UWA team (Shazzad Hossain, Youngho Kim, Mark Cassidy, 
Yuxia Hu, Ryan Beemer and two PhD students) visited Korea 
in April 2016 as part of the Australian-Korea Foundation 
grant by the Department of Foreign Affairs and Trade (DFAT). 
During the visit, a Memorandum of Understanding (MoU) 
was signed between COFS and Daewoo Shipbuilding and 
Marine Engineering Co. Ltd. (DSME). This is a continuation of 
ongoing collaboration with DSME through ARC linkage project 
LP140100066. The team had fruitful meetings with Samsung 
Heavy Industry, Hyundai Engineering and Construction Co. 
Ltd., POSCO Steel Solution, and Woodside Energy Ltd, and 
visited their facilities.

MoU between COFS and DSME
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ONGC’s geotechnical team attending the COFS-IIT course in Mumbai

CPT-Spudcan software 
developed for Keppel
A new software CPT-SP for 
predicting jack-up’s spudcan 
foundation penetration 
was developed for Keppel 
Offshore and Marine Pte 
Ltd., Singapore. This allows 
a direct prediction (with no 
user intervention) of spudcan 
penetration resistance 
from in-situ piezocone 
penetrometer test data. 
The software consists of two 
key independent modules. Module one identifies soil layer 
boundaries and extracts soil strength parameters for each 
identified layer, taking input piezocone penetration profiles 
(tip resistance, sleeve friction and pore pressure). Module  
two calculates the spudcan penetration resistance profile  
and identifies likelihood, depth and severity of punch-through, 
taking input from either module one or manual input and 
spudcan geometry. The piezocone penetrometer can be 
integrated with each leg of the jack-up rig, and the tests can 
be conducted from the soft-pinned rig prior to installation. 
Alternatively, the tests can be included as part of the 
conventional site-specific soil investigation program. 
 Keppel is incorporating the software CPT-SP in its recently 
built jack-up rigs.

Youngho, Ryan, Kuntan, Minjung with KAIST centrifuge team

COFS delivers offshore geotechnics course at 
ONGC in India, supported by DFAT
During May 2016, COFS delivered a three-day short course in 
Mumbai on Offshore Geotechnical Engineering, supported 
by a grant from the Australia-India Council in the Department 
of Foreign Affairs and Trade (DFAT). Susan Gourvenec, David 
White, Sam Stanier and Yinghui Tian developed a new 
three-day course curriculum suited to India’s deepwater 
frontier challenges, and delivered the course with Santiram 
Chatterjee, a COFS PhD graduate and now Assistant 
Professor at IIT Mumbai. We were hosted by the geotechnical 
group within ONGC’s Institute for Ocean Engineering and 
Technology, led by Ravindra Ghanekar. The course attracted 
36 attendees from across India and Asia, including 13 ONGC 
staff. A unique aspect of the course was the use of Susan 
Gourvenec’s web-based toolbox to support interactive 
activities throughout the course, bringing the material to life. A 
research workshop was also held, planning collaboration and 
drawing on the new links formed by Santiram’s appointment 
at IIT Mumbai, local to ONGC.

Federico Pisanò (TU Delft, Netherlands) 
I had the chance to visit the COFS from TU Delft as 2016 Martin Fahey fellow and it was a remarkable 
experience for my professional development. During my three months in Perth, COFS gave me the  
perfect environment to share ideas with the best-reputed experts in offshore geotechnics. I was very 
warmly welcomed and everyone made time for discussing with me previous experiences and new ideas for 
future research. In addition to all faculties and PhD/Postdoc researchers, I could connect to other colleagues 
from abroad also visiting COFS. I was truly impressed by how many scholars and professionals look at COFS as  
“the place to be”.

What I took back home from this experience is an extremely valuable network of new scientific contacts, as well as interesting 
plans to join research at my institution and COFS for offshore wind developments. In particular, my time in Perth helped 
me conceive a joint research proposal on the operational performance of wind turbine installation vessels, and enabled a 
new cooperation on the integrated soil-structure analysis of jacket-supported wind turbines. Importantly, the Martin Fahey 
fellowship also allowed me to strengthen my link to the geo-offshore industry through Fugro AG, with new plans for including 
TU Delft to the list of primary academic partners.

During the research workshop, the 
COFS team was reacquainted with 
the model testing system developed 
at COFS in 2001 for ONGC

The 20th Australasian Fluid Mechanics Conference was run 
successfully in 2016, with a number of COFS academics 
serving on the local organising committee. The conference, 
chaired by Professor Greg Ivey, Dr Nicole Jones and 
Professor Tongming Zhou, attracted a total of 340 delegates 
to Perth in December for four days of presentations and 
cordial discussion. The University of Western Australia 
was fortunate to host the conference, which returned to 
Western Australia for the first time in more than 50 years. 
The conference comprised seven keynote presentations and 
293 standard presentations, of which 142 were delivered 
by students. The presentations covered 25 themes in 
fluid mechanics and were delivered by researchers from 
16 different countries, with China, Japan and the US 
contributing the largest share of international participants.

The Local Organising Committee is very thankful to the 
supporters and sponsors of the conference, as well as the 
Australasian Fluid Mechanics Society and Ms Rochelle Gunn, 
who provided outstanding support to ensure the success 
of the conference. On reflection it was excellent to see the 
AFMC back in Perth, and plans are well and truly in place to 
see it return before 2066!

20th Australasian Fluid  
Mechanics Conference (AFMC)

Delegates at the 20th Australasian Fluid Mechanics Conference.  
Chair Professor Greg Ivey is standing in the front row (furthest right)
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Conferences
Conference Location

Third European Conference on Physical Modelling in Geotechnics (Eurofuge) Nantes, France

20th Australasian Fluid Mechanics Conference (AFMC) Perth, Australia

Second International Conference on Rock Dynamics and Applications (RocDyn-2) Suzhou, China

Third Asian Wave and Tidal Energy Conference (AWTEC) Singapore 

Third Marine Operations Specialty Symposium (MOSS) Singapore 

Fifth International Conference on Geotechnical and Geophysical Site Characteristion (ISC’5) Queensland, Australia

Eighth International Conference on Materials Structure and Micromechanics of Fracture (MSMF8) Brno, Czech Republic

Eighth International Conference on Scour and Erosion (ICSE) Oxford, UK

Advancing Experimental Geomechanics (AEG) Workshop Pokolbin, Australia

ARC Centre of Excellence for Geotechnical Science and Engineering 
(CGSE) Embankment Prediction Symposium

Newcastle, Australia

ARC Centre of Excellence for Geotechnical Science and Engineering (CGSE) Workshop Sydney, Australia

ASCE GeoChicago Conference Chicago, USA

Australasian Oil and Gas Exhibition and Conference Perth, Australia

Australian Ocean Renewable Energy Symposium (AORES) Melbourne, Australia

Conference on Marine Engineering Hamburg, Germany

Indian Geotechnical Conference (IGC 2016) Chennai, India

International Conference on Ocean, Offshore and Arctic Engineering Busan, South Korea

International Symposium on Marine Engineering Geology (ISMEG2016) Qingdao, China

International Workshop on Water Waves and Floating Bodies (IWWWFB) Plymouth, USA

Offshore Technology Conference (OTC) Houston, USA

Soft Rock Engineering Conference Australia

The 12th ISOPE Pacific/Asia Offshore Mechanics Symposium 2016 (ISOPE PACOMS) Gold Coast, Australia

The Lloyd’s Register Foundation International Conference 2016 London, UK

The Offshore Technology Conference Asia (OTC Asia) Kuala Lumpur, Malaysia

Jongku Lee (POSCO Steel Solution)  
I’m working at the marketing department of POSCO Steel Solution and my job is to provide R&D service 
to our customers in the construction industries. I stayed at COFS for about a year from December 2015 to 
December 2016, working with Youngho and Shazzad on the wind turbine foundation project from Advact. 
The collaborative effort involved investigating the behaviour of suction piles for a 3MW offshore wind turbine, 
and potential measures for reducing displacements.

During my one-year visit, I have gained knowledge on the design of suction pile for wind turbines. A series of centrifuge tests and 
parametric FE simulations were carried out by Shazzad and Youngho, respectively, and I have been trained on physical model 
testing and numerical modelling. Based on the results, I advised our customer, Advact, to move forward to the installation of  
the piles, and in October 2016, Advact successfully installed the turbine on a tripod foundation supported by three suction piles.  
The use of a sand blanket around a suction pile showed potential at reducing lateral displacements under operational 
monotonic and cyclic loadings. In future, we would like to extend this collaboration to investigate more about the influence  
of a sand/gravel blanket, either through a consultancy project or an ARC linkage project.

This visit allowed me to spend more time with my family in the welcoming environment and beautiful weather of Perth. We 
visited many famous places, and my two kids still miss Perth city, Nedlands school and their school friends, and the many 
beautiful beaches. Personally, Friday afternoon seminars were very informative for me. As a visiting researcher, it was a great 
opportunity to expand my research network.

COFS visitors 2016
Name Location

Anamitra Roy India

Andrea Diambra Bristol University, UK

Bhagaban Acharya University of Sydney, Australia

Bithin Ghorai Indian Institute Technology Bombay, India

Can Mei Wuhan University, China

Chao Sun China

Federico Pisanò TU Delft, Netherlands

Francesca Ciavaglia Windsupport Ltd, UK

Gabriel Simi Italy

Guoliang Dai Southeast University, China

Guy Houlsby Oxford University, UK

Hang Zhou Geotechnical Research Institute of Hohai University

Jim Hambleton University of Newcastle, Australia

Jiying Fan China

Jong Ku Lee POSCO Steel Solution Center, Korea

Jubert Pineda University of Newcastle, Australia

Junhwan Choi Seoul National University, Korea

Lingzhi Xiong Shanghai Jiao Tong University, China

Liqiang Sun Tianjin University, China

Louis King Monash University, Australia

Marcela Coutinho 

Vasconcelos 

Brazil

Min Lou China University of Petroleum, China

Mustafa Jafari University of Nantes (Polytech Nantes), France

Nicole Fiumana Università di Bologna DICAM – Geotecnica 

Nina Müthing Ruhr-Universität Bochum, Denmark

Nina Stark Virginia Polytechnic Institute and State University, USA

Paul Taylor Oxford University, UK

Richard Manasseh Swinburne University, Australia

Rodney Eatock Taylor Oxford University, UK

Romain Briand Ecole Nationale des Travaux Publics de l’Etat (ENTPE), France

Santiram Chatterjee Indian Institute Technology Bombay, India

Sasha Puzrin ETH Zurich, Switzerland

Shengsheng Fan China

Shubhrajit Maitra Indian Institute Technology Bombay, India

Stella Harkins Estudante de Engenharia Civil – FURG, Brazil

Tianqiang Jia China

Wei Qin Southeast University, China

Xing Liu Tsinghua University, China 
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During the year there were a number of joint Fugro AG-
COFS seminars, given alternately by staff from each group. 
Mark also participated in the planning of internal Fugro AG 
innovation projects, addressing different aspects of their 
consultancy delivery.

The two Fugro Scholars, Wangcheng Zhang and Chao Sun, 
have continued to make excellent progress on their PhDs. 
Wangcheng (who has now started the third year of his PhD, 
co-supervised by Mark), Dong Wang (who is now based at 
the Ocean University of China in Qingdao) and Professor 
Sasha Puzrin from ETH, Zurich, had their third journal paper 
accepted, focusing on shear band propagation mechanisms in 
submarine slides on curved slopes.

Chao Sun, who is just commencing the second year of his PhD 
studies, co-supervised by Mark, Susan Gourvenec and Xiaowei 
Feng, is investigating soil-anchor chain interaction with 
particular emphasis on anchor-chain trenching mechanisms. 
Initial numerical results of soil-chain interaction are being 
compared with the analytical solution proposed by previous 
Fugro AG-er Steve Neubecker (then COFS PhD student) and 
Mark in the 1990s. The team are enjoying engaging with Steve 
on the project through his Adjunct role at UWA.

In June, Mark visited Hong Kong, where he delivered one of 
the keynote lectures at the annual Hong Kong Institution of 
Engineers Geotechnical Seminar. He took the opportunity to 
visit the Hong Kong office of Fugro, and also gave an invited 
seminar at the Geotechnical Engineering Office. On the way 
back to Brussels, he stopped over in Dubai to visit Fugro 
Middle East, where he caught up with former PhD student 
Hamed Mahmoodzadeh. During the visit he gave a seminar to 
Fugro clients in Abu Dhabi, on axial pile design in cemented 
calcareous sediments, a topic of particular interest for 
offshore developments in the Middle East.

Hamed Mahmoodzadeh and Mark Randolph, Dubai, June 2016

Back in Australia, Mark was one of the keynote speakers 
at ISC’5 (International Conference on Geotechnical and 
Geophysical Site Characterisation) held on the Gold Coast in 
September. His talk, new tools and directions in offshore site 
investigation, featured many of the recent innovative tools 
being developed by Fugro, including their revamped robotic 
seabed drill.

Fugro seabed drill (relevant to ISC’5 keynote, September 2016)

In April, David Williams and Fraser Bransby from Fugro AG 
in Perth attended a function to celebrate the addition of 
Fugro to the Benefactors’ Wall. The event was hosted by UWA 
Chancellor, Dr Michael Chaney.

Fraser Bransby, David Williams, Mark Randolph and Mark Cassidy at the 
Benefactors’ Wall function, April 2016

As part of Fugro’s push towards globalisation of their 
consulting services, James Doherty has been assisting 
Fugro with converting existing software tools to web-based 
applications, making use of the power of cloud computing. 
Mark Randolph had been working with James to validate 
the web-based versions of CHIPPER (developed originally 
by Carl Erbrich of Fugro for lateral response of piles in weak 
rock), CYCLOPS (the proprietary version of RATZ, for axial load 
transfer analysis of piles) and IMPACT (for pile drivability and 
analysis of stress-wave data). CHIPPER was used extensively 
for analysing the EDF test piles, sharing data files and results 
across the world using the cloud. The conversion of IMPACT 
was helped enormously by a UCL master’s graduate, Mustafa 
Jafari, who wrote many of the hand-shaking routines between 
the input data screens and the Fortran-based analysis. 
Mustafa has since returned to Brussels to pursue a PhD at UCL. 
 

Colin Leung (NUS, third from left), Mark Randolph (fourth from left),  
Patrick Chao (Chair of Geotechnical Division, HKIE, fifth from left),  
and other speakers at HKIE seminar, June 2016

Fugro Chair in Geotechnics summary
The primary focus of the Fugro Chair is to help 
Fugro add value for their clients by ensuring close 
engagement with leading-edge research, such as 
that delivered by COFS, and so seeing to it that their 
advice is fully informed and well founded on science.

The second year of the Fugro Chair in Geotechnics was marked 
by a three-month visit to Brussels by Mark Randolph over the 
May-July period. This was part of a sabbatical, hosted by 
Professor Alain Holeyman at the Université catholique de 
Louvain (UCL), and provided the opportunity for Mark to 
spend a day each week in the Brussels office of Fugro. It also 
proved convenient to visit the French electricity company EDF 
in Paris, as part of an ongoing collaboration over developing 
analysis methods for offshore wind monopiles founded in 
weak limestone. The collaboration centred on a series of 
reduced-scale onshore pile tests that were undertaken 
towards the end of 2016 at a disused quarry site at Gouvieux, 
close by Chantilly, an hour of so north of Paris. A couple of 
planning meetings, led by Elisabeth Palix of EDF-EN, were held 
in Paris prior to the testing, and detailed analysis of the test 
data is being undertaken by a PhD student, Anaïs Lovera, who 
is sponsored by EDF with Mark acting as a co-supervisor. The 
EDF and CERMES team visited the site during one of these 
meetings; the site investigation for the quarry site and testing 
itself were undertaken by Fugro France. Mark worked with 
Zine Delimi from the Paris office of Fugro on class-A 
predictions of the test pile performance.

Jean Sulem (CERMES), Mark Randolph, Elisabeth Palix (EDF-EN), Elisabeth 
Mallet (EDF), Anaïs Lovera (EDF and Ecole des Ponts, PhD Student), 
Siavash Ghabezloo (CERMES), June 2016

Overview of EDF pile test site, Gouvieux, France, August 2016
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Awards and achievements:
• Scott Draper named 2016 Early Career Scientist  

of the Year
• Mark Randolph celebrated 30 years at UWA
• Shiaohuey Chow, Conleth O’Loughlin, Christophe Gaudin 

with co-authors Riccardo Corti and Andrea Diambra 
(University of Bristol) received the ICE Thomas Telford 
Premium Award for their paper “Drained cyclic capacity 
of plate anchors in dense sand: Experimental and 
theoretical observations”. Géotechnique Letters: Volume 
5 Issue 2, February 2015

• Yinghui Tian, Mark Randolph and Mark Cassidy received 
the ICE David Hislop Award for “Analytical solution 
for ultimate embedment depth and potential holding 
capacity of plate anchors”. Géotechnique: Volume 65, 
Issue 6, June 2015

• PhD student Cathal Colreavy won Australian 
Geomechanics Baden Clegg award

• PhD student Wangcheng Zhang named as the co-winner 
of the UWA 2016 Prize for higher degree by research 
achievement in Mathematics, Physical Science  
and Engineering

• Wangcheng Zhang won the S4SLIDE award at ISMEG2016
• PhD student Minjung Jun received OMAE scholarship

 

 

LRF Chair Mark Cassidy presented on “Developing standards for offshore 
foundations” at the inaugural LRF International Conference  
in October 2016

LRF’s Jeff Baker presenting at The University of Western Australia

Funding success, links and collaborations:
• We have built off our LRF program establishing the 

science to support the safe and reliable development  
of offshore renewable energy devices with an additional  
$1 million from the Australian Renewable Energy Agency 
(ARENA) for economical solutions for wave energy 
converters farms; 1 Postdoc and 3 PhD students

• The Lloyd’s Register group has become a founding 
industry partners in the ARC Industry Transformation 
Research Hub for Offshore Floating Facilities  
(@OffshoreHub)

• Fangyuan Zhu and Conleth O’Loughlin visited Aberdeen 
to update on progress of LR funded research (suction 
caissons for offshore wind turbines)

• Visit from PhD student Giulio Nicolai, University  
of Alborg, on cyclic loading of monopiles

• Ongoing collaboration with TUHH (since 2009) with 
a focus on offshore renewable energy, with relevant 
centrifuge testing campaigns secured through funding 
from Deutsche Forschungsgemeinschaft (DFG)

• Wenhua Zhao won UWA Research Collaboration Award, 
with The University of Oxford, and Shanghai  
Jiao Tong University

• New collaboration initiated with Frederico Pisano, 
TU Delft, and Claudio Tamagnini and Diana Salciarini, 
University of Perugia, Italy, on integrated modelling of 
offshore wind turbines, with support from DIANA FEA

• Collaborations with NGI, The University of Oxford, 
University of Bristol, Stuttgart University are ongoing.  
   

LRF - funded academic Shiaohuey Chow celebrating the success of her 
collaborations with University of Bristol’s Riccardo Corti and Andrea 
Diambra during the ICE awards in London

numerical analysis approaches catering for large 
deformations on the basis of prominent geotechnical 
problems among top two per cent of highly cited 
papers in Computers and Geotechnics in 2015.

• Wang, D., Bienen, B., Nazem, M., Tian, Y., Zheng, J., 
Pucker, T., Randolph, M.F. (2015). Large deformation 
finite element analyses in geotechnical engineering. 
Computers and Geotechnics, Vol. 65, pp. 104-114.

• Manuel Herduin presented at the 3rd Asian Wave and 
Tidal Energy Conference in Singapore.

• Herduin M., Gaudin C., Zhao L., O’Loughlin C.D., Cassidy 
M.J., Hambleton J. (2016). Suction anchors for floating 
renewable energy devices.

• LRF Associate Professor Scott Draper presented ‘From 
Oil and Gas to Renewables (and back again)’ at the 
KPMG industry innovation forum in Perth in July 2016. 

• LRF Chair Mark Cassidy presented the Hsue-Shen Tsien 
Engineering Science Lecture at the Chinese Academy  
of Sciences in Beijing.

Staff news:
• 7 researchers supported with LRF funding. 
• Mark Cassidy appointed to WAMSI R&D committee.
• Shiao Huey Chow accepted invitation as member  

of the CPT’18 scientific committee.
• Britta Bienen accepted invitation by Chairman Prof. 

Yonggang Jia to become Executive Member of IAEG 
Commission No. 34 – Marine Engineering Geology.

• Britta Bienen member of new ISO_19905-4 Jack-up 
emplacement and removal, and one of the members 
selected for liaising with ISO_19905-1 committee.

PhD students:
• All ten PhD students from the original LRF Chair 

and CoE have now graduated and have taken up 
employment in companies such as NGI, Kerman, 
WorleyParsons, DNV, as well as in academia at UWA.

• 5 new PhD students recruited and receiving LRF 
scholarships. 

• LRF PhD student Fuming Yang visited Harbin Institute  
of Technology, (SIT), China, for three months.

Lloyd’s Register Foundation Chair in Offshore 
Foundations and Research Centre of Excellence
The Lloyd’s Register Foundation is a UK charity established in 2012 that helps to protect life and 
property and support education, engineering-related research and public engagement. This follows a 
long tradition of public benefit, which has characterised Lloyd’s Register’s work since 1760. 2016 marks 
the first year of the three year extension of the Lloyd’s Register Foundation (LRF) Chair in Offshore 
Foundations and Research Centre of Excellence, which was established at UWA in 2010 (originally through 
the Lloyd’s Register Educational Trust). This long-term partnership has supported the development of 
early career researchers and key facilities to enable world-leading research, which features throughout 
this report.

Notable research achievements in 2016 are:
• A simple numerical tool to determine the optimum device 

size and array layout for a wave energy device array 
consisting of floating or submerged cylinders. 

• A theory was developed to estimate the effect of wind 
shear on the performance of wind turbines in shear flow. 
This theory also has direct application to wind and current 
loads on space frame structures.

• An analytical model has been developed to characterise 
the load distribution and history generated by two to four 
floating bodies anchored to the same foundation.

• Experimental evidences demonstrating the detrimental 
effects of multidirectional inclined loading on foundations 
of floating renewables were gathered. 

• A constitutive model has been developed to predict 
the change in capacity of a foundation subjected to 
multidirectional modelling. The model is currently being 
implemented in a finite element code.

• A series of centrifuge tests were conducted to investigate 
the capacity of plate anchors in sand across a wide range of 
drainage condition. The research is the first to investigate 
partially drained and undrained capacity of plate anchors 
in sand, which provides valuable performance data during 
in-service condition under offshore environmental loading. 

• A novel method for interpreting risk of failure of mobile 
jack-up platforms during installation have been developed 
and presented to industry. It is based on a probabilistic 
Bayesian framework which for the first time, allows (i) 
inclusion of all soil, site and model uncertainties in the 
prior prediction of possible punch-through, and (ii) allows 
updating of this probabilistic prediction with use of 
monitored data coming off the rig during installation. 

Papers published and presented, included:
• 29 Journal papers and 28 international conference papers 

were published by the researchers and students funded by 
the LRF CoE in 2016.

• Plenary lecture at International Symposium on Marine 
Engineering Geology (ISMEG 2016) given by Britta Bienen 
on 23 Oct 2016, entitled “Offshore wind farms: Prediction of 
foundation behaviour”.

• Collaborative paper, assessing the performance of 
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The five-year OFFshore Hub research program spans site-
specific metocean forecasting, assessment of side-by-side 
offloading and improved greenwater prediction, extreme 
vessel-motion predictions, improved assessment of moorings 
and riser systems, novel anchoring and subsea foundations, 
and life extension of offshore assets.

Each project area has shown strong progress over the 
first year, and in some cases the outcomes are already 
being applied to industry problems. For example, we have 
developed a new software tool to forecast wave-induced 
vessel motions that is being used by industry, yielding 
productivity gains. We have also completed extensive 
model testing of two-vessel offloading behaviour and have 
established (for the first time) an instrument system for 
obtaining high-quality, continuous measurements of vessel 
motion from an operating facility offshore Australia. We have 
developed new statistical methods, using other datasets (for 
example Australia’s public rainfall record), to demonstrate 
potential interpretive and predictive methodologies using 
Bayesian statistics, and have developed new software to 
predict the response of novel foundations, currently being 
trialed by our industry partners. We are preparing a new 
Design Guideline for shallow foundations with Lloyds Register, 
and finally we have created a living laboratory on Perth’s Swan 
River (the ‘RiverLab’, supported by Woodside) as a test bed for 
offshore-engineering technologies.

ARC Industrial Transformation Research Hub for 
Offshore Floating Facilities (ITRH OFF) summary
The ARC ITRH for Offshore Floating Facilities (OFFshore Hub) 
kicked off in April 2016. It aims to unlock new technologies and 
address engineering challenges for the future transformation 
of Australia’s oil and gas projects, and to improve the reliability 
of existing floating offshore facilities. Partner organisations 
Woodside and Shell are, respectively, the largest operator 
headquartered in Australia and the global pioneer of oil and 
gas floating facilities. Partner organisations Lloyd’s Register 
and Bureau Veritas represent the world’s two largest ship 
classification societies, responsible for verification of safety 
in design and operation. Together, with researchers and PhD 
students from the University of Western Australia and Western 
Sydney University, the Offshore Hub represents a formidable 
team with the potential to have real transformational impact 
on the Australian oil and gas industry.

With industry and academia working together, the OFFshore 
Hub is addressing opportunities to improve the safety and 
cost-efficiency of the facilities needed to develop oil and gas 
resources offshore in 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 others 
by investigating new innovative technologies. As well as the 
20 academics, five research fellows and 14 PhD students who 
currently comprise the university-based team, we will also 
draw from expert contributions from the industry partners 
over the five-year research program. More broadly, we are 
also collaborating with the National University of Singapore, 
Shanghai Jiao Tong University, the University of Oxford and 
Stanford University, drawing on global experts from a wide 
range of fields.

Hub people

Mark Cassidy

David White

Hugh WolgamotLiang Cheng Scott Draper

Christophe Gaudin

Lifen Chen

Sam Stanier

Ian Milne

Matt Rayson Ming Zhao

Paul Taylor

Research Fellow

To be 
recruited

Hongchao Wang

Rasoul Hejazi

Dunja Stanisic

Joe Tom

Zefeng Zhou

Michael Bertolacci

PhD 
student 
starting 
2017

Xiangtao Zhang

PhD 
student 
starting 
2018

James Doherty
Nicole Jones Greg Ivey

Andrew Zulberti Sasha-Lee 
Pretorius

Wenhua Zhao

Mike Efthymiou

PhD 
student 
starting 
2017

PhD 
student 
starting 
2018

PhD 
student 
starting 
2017

Andrew Grime

Hanyi Xu

PhD 
student 
starting 
2017

PhD 
student 
starting 
2018

Conleth O’Loughlin

Ed Cripps
Mark Randolph

Lachlan Astfalck

PhD 
student 
starting 
2017

PhD 
student 
starting 
2018

Melinda Hodkiewicz

Susan Gourvenec

PhD 
student 
starting 
2017

PhD 
student 
starting 
2018

Zhenguo Gao

Steve Neubecker

Supported by Hub

Supported by Shell

Hub PhD Student

Assoc. Researcher

Dave White inspects the 
Raspberry Pi-driven motion 
sensor developed by the 
Riverlab team

The OFFshoreHub has gained significant momentum this 
year and we look forward to continuing this collaborative, 
forward trajectory. Our ongoing activity is publicised via our 
website http://offshorehub.edu.au/news/ and our Twitter 
feed https://twitter.com/offshorehub. We also maintain a 
YouTube channel: https://tinyurl.com/lvkg3rp and a LinkedIn 
presence: https://tinyurl.com/kp8go6c.

Hub Director, David White 
Hub Manager, Andrew Grime

Zhao and Mike Efthymiou to Geoje in Korea, to see Prelude 
FLNG under construction. After presenting on UWA’s research 
to the Shell team, Wenhua and Mike toured the shipyard and 
experienced the scale of this unique FLNG facility.

Wenhua Zhao at the Geoje shipyard to visit Prelude FLNG

The Shell-UWA link gives UWA’s researchers close involvement 
in Shell projects in Australia and elsewhere. David White 
supported work by Fugro and Shell to develop a novel solution 
to stabilise the Malampaya flowlines, which were ‘walking’ 
uphill. This involved collaboration with Shell’s pipeline 
engineers in the UK, subsea contractors in the Philippines and 
the Perth-based specialist contractor Subcon. This work led to 
the development, testing and deployment of a novel pipeline-
clamping mattress within a short period of only 12 months.

By the end of 2016, the Shell-UWA collaboration had led to 
UWA research being applied to 10 Shell projects worldwide, 
with the team producing more than 120 publications including 
15 contributions to the Offshore Technology Conference 
in Houston. With Prelude FLNG over the horizon, and the 
OFFshore Hub rapidly gaining momentum, the Shell-UWA 
partnership will continue growing and having beneficial 
impacts for Shell, UWA and the wider industry.

Shell EMI Chair summary
The Shell-UWA partnership 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 Professor of Offshore Engineering, David White.
• The Shell Professor of Offshore Structures, Mike Efthymiou 

(formerly Shell’s General Manager of Offshore Structures).
• Two Assistant Professors: Dr Wenhua Zhao and  

Dr Hugh Wolgamot.

Shell is a partner in the OFFshore Hub, described elsewhere 
in this report, which supports a cohort of more than 15 PhD 
students. In addition, Shell is supporting Jayden Chee’s 
PhD on a novel technology to mitigate pipeline thermal 
expansion, and Dunja Stanisic’s PhD on extreme motions of 
floating facilities.

During 2016, the Shell-UWA collaboration had a prominent 
position at OTC Asia, held in Kuala Lumpur. Mike Efthymiou 
spoke during a panel session focused on floating LNG 
technology (chaired by David White), and UWA work was 
presented during a Woodside technology briefing and in the 
technical sessions. A highlight of 2016 was a visit by Wenhua 

UWA supported Shell’s development of a novel pipeline-clamping mattress to stabilise the Malampaya flowlines (reported by Frankenmolen et al. 2017, OTC 27815)

OTC Asia FLNG panellists: Michael Si (Shell), Mike Efthymiou (UWA/Shell), 
Alexander Boekhorst (Shell), Jean Marc Letournel (Technip), Richard Nott 
(Lloyds Register) and David White (UWA)
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RiverLab summary
The RiverLab – a collaboration between Woodside and The University of Western Australia – was initiated in 
2016. It is a unique idea aimed at developing innovations in offshore engineering by undertaking research, 
education and outreach activities within the Swan River. A key aim is to use the steady and reliable supply of 
wind waves in the Swan River to explore the performance and response of offshore structures temporarily 
moored. Additional projects are also using the Swan River to trial prototype devices and sensors, such as those 
used to measure geotechnical properties and to monitor aquatic life.

Much of the research within the RiverLab is undertaken 
via final year master’s thesis projects. Throughout 2016, 
seven final-year students completed their theses within the 
RiverLab. Justin Geldard was the first, completing his work on 
measuring and analysing surface waves in the river, a crucial 
first step to determining the usefulness of the Swan River to 
explore the performance and response of offshore structures. 
Justin went on to win two awards based on his thesis work, 
including an Oceans Institute video competition award and 
the Engineers Australia DN Foster award.

The remaining six final-year students focused on developing 
cheap sensors and measuring vessel motions in the river, 
exploring the performance of free-fall penetrometers and 
additional measurement of surface waves and currents. These 
projects have been supervised by Drs Milne, Wolgamot, Zhao, 
Jones and Chow.

Aside from final-year projects the RiverLab has provided data 
and equipment to support teaching in two undergraduate/
master’s units at UWA, allowed further development of two novel 
devices, brought together academics from two faculties to work 
collaboratively and reached out to the community by taking 
current measurements during open-water swimming events. The 
RiverLab also hit the news by offering to play music underwater 
at Matilda Bay during the 2017 Australia Day Celebrations.

The outlook for 2017 is building to be bigger and better. The 
number of master’s projects is set to increase exponentially, 
which will include the first CEED project focused on a novel 
engineering solution for marine biofouling.

RiverLab in numbers (2016)
• One river
• Seven research projects
• More than 15 academics across two faculties
• Seven final-year students
• Two undergraduate/master’s units
• Two novel devices/tools being trialled

RiverLab team preparing for 
deployment during an open-
water swimming event

RiverLab Students (L-R): Brenton Atkinson, Leo Reith, Mashallah Love, 
Matthew Lewis, Rian McIlduff, Vincent Goh and Justin Geldard.

were sometimes challenging due to tidal currents of several 
metres per second and low visibility down at the seabed. 
Nonetheless, UWA’s inertial measurement unit technology 
was put through its paces in water depths of up to 50m, with 
deployments of both devices at three different locations.

Finally, Henning Mohr completed his development, with Scott 
Draper, of an erosion-rate measuring device that can be used 
in the laboratory with water tanks at either end of the flume, 
in situ in shallow water (less than 10m), or ex situ on a survey 
vessel using box core samples. Laboratory trials and – you 
guessed it – RiverLab trials are planned for 2017.

The RIGSS JIP will be completed in late 2017, with a final set of 
guidelines to support deployment of these new technologies, 
including lessons learned from the field experience trialling 
these devices on offshore projects. For more information see 
the JIP webpage at www.rigssjip.com or alternatively contact 
the RIGSS JIP Project Manager Professor David White  
(david.white@uwa.edu.au) or lead researcher Dr Sam 
Stanier (sam.stanier@uwa.edu.au).

The Remote Intelligent Geotechnical 
Seabed Surveys Joint Industry 
Project (RIGSS JIP) summary
Last year was another busy one for the Remote 
Intelligent Geotechnical Seabed Surveys (RIGSS) 
Joint Industry Project (RIGSS) JIP led by David White, 
with laboratory and fieldwork activities taking 
place across many of the work packages. This Joint 
Industry Project is sponsored by Woodside, Shell, 
Total, Fugro and Benthic Geotech and is tasked 
with developing new and improved techniques for 
probing the geotechnical properties of the seabed, 
drawing on novel designs of tool and robotic 
systems. This brief report summarises a selection 
of the highlights, as some of our new tools and 
technologies move towards field deployment.

Mark Schneider and Sam Stanier continued their work 
developing the shallow penetrometers (toroid and hemiball). 
These devices are rotated as well as pushed vertically, and 
can be operated under both load control and speed control, 
while monitoring the pore water pressure in the surrounding 
soil. One test can derive both intact and remoulded strength 
properties, 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.

A presentation was given by Sam and Dave to the Perth 
Branch of the Society for Underwater Technology describing 
the shallow penetrometer work. Meanwhile, Mark has 
completed comprehensive suites of tests in both kaolin clay 
and a carbonate silt from the North West shelf of WA. This 
work led to the development of a trio of test recipes that will 
be trialled offshore on a commercial site survey in the region in 
early 2017 – watch this space.

In early 2016, we hosted a visit from Dr Nina Stark of Virginia 
Tech, USA. Using the Woodside RiverLabfacilities (aka the 
Swan River) we performed free-fall penetrometer tests using 
Nina’s BlueDrop probe to examine the potential of this smart 
tool. Nina shared her experience deploying this technology for 
shallow geotechnical surveys in locations from New Zealand 
to the Arctic.

On the same theme, Shiaohuey Chow and Conleth O’Loughlin 
have been developing both a free-fall ball and a free-fall 
cone. To celebrate completion of his PhD on the free fall ball 
penetrometer, John Morton took it for a dip in the South China 
Sea in collaboration with Zhejiang University. Conditions 

Dr Nina Stark and Dr Brandon Quinn performing free-fall cone testing 
with the BlueDrop on the Swan River in Perth

John Morton (right) about to perform a free-fall ball test in the South China Sea.
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LABORATORY 
REPORTS

In parallel, discussions have taken place with CCE to identify 
the most suitable secondary mooring arrangement that can 
be mobilised to avoid WECs experiencing the most extreme 
loads from storm conditions. Under normal operation 
and moderate wave loading, the WECs are attached to 
their foundations via primary mooring lines and apply 
vertical tensile loads that must be resisted by the (primary) 
foundations through a combination of pile self-weight and 
frictional resistance at the pile-soil interface. Under extreme 
loading the primary mooring is disconnected, the WECs 
rise to the surface and are held on station by the secondary 
mooring system, which applies a distributed inclined load on 
the foundation, mobilising higher foundation capacity through 
added passive resistance. Work is currently in progress to 
investigate the behaviour of WECS foundation under primary 
and secondary mooring, and to better understand the effect 
of the transition from cyclic vertical tensile loads of moderate 
amplitude to cyclic inclined load of high amplitude on the 
foundation performance.

Australian Renewable Energy Agency  
(ARENA) summary
In May 2016, The Australian Renewable Energy Agency 
(ARENA) announced that our proposal for a research and 
development program on wave energy was one of 21 
projects successfully funded across Australia. The four-year, 
$3.5 million project (with $1 million cash contribution from 
ARENA) aims at reducing the cost of wave-energy converters 
(WECs) by providing the scientific knowledge and engineering 
tools to build arrays of multiple WECs, and to optimise their 
location and arrangements to maximise power generation 
and minimise initial construction costs. The project involves 
collaboration with Carnegie Clean Energy (CCE) and draws 
together a multidisciplinary team of seven geotechnical, 
coastal and offshore engineers, along with industry project 
managers at CCE. A cross-disciplinary and integrated 
approach is adopted to evaluate the combined influence 
of wave properties, seabed bathymetry and geotechnical 
characteristics. The outcomes of the project are critical for 
the entire renewable-wave-energy industry, as it attempts 
to transition from single or few demonstrator devices to full 
commercial deployment of multiple devices integrated in 
larger arrays.

Following the appointment of two postdoctoral researchers 
and two PhD students, the project has focused on two 
aspects: (1) optimising the array placement based on the 
available wave-energy resource, and (2) optimising the array 
placement by balancing the power output and the nearshore 
impacts. Preliminary outcomes indicate that in intermediate 
water depths (15-50m) the wave power can be described 
by the offshore wave height and peak period, irrespective 
of other environmental parameters such as the bottom 
slope and directional spreading of the waves. A relatively 
simple phase-averaged model and the more advanced 
phase-resolving model yield similar results, indicating that 
phase-averaged models are sufficiently accurate to predict 
the wave-energy resource in intermediate water depths. 
However, this is not the case when considering the optimal 
array configuration, for which existing phase-averaged models 
predict unrealistic downstream effects. This has motivated 
the development of a new modelling tool, based on the 
phase-resolving approach, which can intrinsically resolve 
the relevant physical processes. Preliminary results indicate 
that the developed model will enable the determination 
of an optimal WEC array configuration by balancing the 
power output and the environmental impact. The model 
development potentially has a major impact when considering 
the WEC placement, because preliminary results suggest that 
WECs can be placed closer together, and closer to the coast 
than initially expected. This potentially implies significant 
cost savings.

Relative wave height (H/H_i, where H is the significant wave height and 
H_i is the incident significant wave height) in the domain for the SNL-
SWAN model (top panel) and the extended SWASH model (bottom panel). 
The white contour lines indicate a relative wave height of 0.75 (dashed 
line) and 1 (full line)
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Laboratory report – geotechnical soils laboratory
The Geotechnical Testing Laboratory, known as the 
Soils Lab, is committed to the education of students 
and the provision of high-quality testing to support 
academic research and the offshore, mining and 
construction industries.
In 2016, the Soils Lab worked on 15 projects, including Vincent 
oil field, Kibali Mine, Lady Loretta Mine, Prominent Hill Mine, 
RTS143 Mesa J Consolidation, Conglomerate Dam, Cannington 
Mine, Lucy Mine, Wafi-Golpu PNG, Telfer Mine and Wandoo B oil 
field for the following clients:
• Woodside through 

Norwegian Geotechnical 
Institute (NGI)

• Vermilion Energy Canada 
through Norwegian 
Geotechnical Institute (NGI)

• Outotec
• Rio Tinto through SRK 

Consulting (Australasia)

• African Slime through SRK 
(South Africa)

• Advisian (WorleyParsons 
Group) through Trilab

• Hatch
• Golder Associates
• Delmar Systems
• Entura Hydro Tasmania

In addition to the education 
of students and undertaking 
testing, the laboratory 
continued to develop a 
CNS Direct Shear, and 
upgrade the Simple Shear 
and Triaxial devices. Our 
close collaboration with the 
Norwegian Geotechnical 
Institute (NGI) has been 
instrumental in ensuring the 
highest-quality soil-element 
testing is available here in 
Perth, and we thank them for 
their valuable support. 

Laboratory report – Rock mechanics
This report highlights further developments associated with 
the fan-hinged shear rupture mechanism recently identified in 
COFS. This mechanism is activated in hard rocks within stress 
conditions corresponding to seismogenic depths of the earth’s 
crust. The mechanism provides extremely low shear strength (up 
to an order of magnitude less than the frictional strength) and 
abnormally high shear and tensile stresses of the rupture head. 
This makes hard rocks at the seismigenic depths very weak in 
respect of shear rupture development and provides supershear 
rupture velocities. During 2016, in collaboration with scientists 
from Russian Academy of Science (professors Vladimir Sadovskiy, 
Michael Guzev and Oksana Sadovskaya), a mathematical 
model has been developed which visualises features of the 
fan-mechanism operation and provides new explanations for 
different aspects of extreme rupture dynamics. The modified 
rock mechanics of seismogenic depths was presented by Boris 
Tarasov in keynote lectures at international conferences in Russia 
and China. The figures below illustrate the roles of tensile stresses 
generated by the fan mechanism in creation of off-fault tensile 
cracks during the extreme rupture propagation, as explained by 
the developed mathematical model.

a) Rupture head in the form of fan propagating from left to right; tensile 
stress distribution along the fan in the bulk material adjoining the 
developing fault; off-fault tensile cracks (red) generated in the balk 
material; b) and c) Images of tensile cracks generated in the fan front  
and behind the fan, observed experimentally

Laboratory technician Usha Mani 
with the GDS Triaxial

Illustration by the mathematical and physical models of the fan-structure 
representing the rupture head propagating as a wave along the future 
fault, from left to right

a) Features of tensile stress distribution around the fan-structure at the 
moment of the rupture termination and off-fault tensile cracks (red) 
generated at these conditions; b) Photograph of a horsetail fan generated 
in granite at termination of a shear rupture

Laboratory report – Centrifuge
A new home for the National Geotechnical 
Centrifuge Facility (NGCF)
For the COFS centrifuge team, 2016 was all about planning 
and anticipation. As we watched the final pieces of the new 
Indian Ocean Marine Research Centre (IOMRC) building come 
together, we counted down the days until we would move our 
beloved 3.6m-diameter C61 beam centrifuge from its 27-year 
home to the new centrifuge laboratory in IOMRC, and then 
commission our new 10m-diameter C72 beam centrifuge.

The evening of 26 August 2016 saw the last C61 beam 
centrifuge test in the old laboratory, finishing a large program 
of testing for Delmar Systems. Ironically, these tests required 
the resurrection of the pile-driving hammer developed by 
Anthony De Nicola during his PhD in the 1990s, which was 
a rather fitting end to almost three decades of centrifuge 
testing in the Civil and Mechanical Engineering building’s old 
centrifuge laboratory. The drum centrifuge remained in the 
old laboratory to cope with the heavy demand on centrifuge 
time, awaiting its relocation in 2017.

Just before shutting the C61 beam centrifuge doors for the last T-bar test 
in the old laboratory (left), and after relocation in the new NGCF laboratory 
in the IOMRC (right)

On a rather cold but sunny September Saturday morning 
in Perth, the team from Titan heavy lifting relocated the 
C61 beam centrifuge to its new centrifuge chamber. Ten 
weeks later the centrifuge, complete with a new coat of 
paint, was spinning again and producing more test data for 
the COFS team.

Across the laboratory in a much larger new centrifuge 
chamber, we awaited the arrival of the C72 centrifuge. On the 
morning of 7 September, much of UWA stopped in its tracks 
to see a very large hunk of metal glide through the sky, before 
being lowered through an open roof in the IOMRC laboratory. 
Less than four weeks later, after a big effort from both the 
NGCF team and the centrifuge supplier Actidyn, the C72 was 
spinning at the maximum acceleration of 130g.

After four years of planning, the NGCF C72 beam centrifuge is finally 
lowered into its new home in the Indian Ocean Marine Research Centre

Meanwhile, the rest of the NGCF team were preparing ancillary 
equipment for the new centrifuge, including a much larger, 
automated sand rainer, larger consolidation presses, new 
two-axis robotic actuators (based on the design of the existing 
actuators for the C61 beam centrifuge), and a significant 
upgrade to our motion control software, PACS.

With the addition of the C72 centrifuge, the NGCF is the 
only facility in the world operating three geotechnical 
centrifuges. We continue to service the academic and industry 
geotechnical engineering community in Australia and 
worldwide, and look forward to the next wave of geotechnical 
challenges to be addressed through centrifuge modelling. 
To discuss how the NGCF can assist you with model testing 
or in the design and supply of model-testing equipment, 
contact Professor Christophe Gaudin or Associate Professor 
Conleth O’Loughlin.

Professor Christophe Gaudin 
NGCF Director 
+61 8 6488 7289 
christophe.gaudin@uwa.edu.au

Associate Professor Conleth O’Loughlin 
NGCF Manager 
+61 8 6488 7326 
conleth.oloughlin@uwa.edu.au

The NGCF team and the new C72 beam centrifuge (left),  
first spin for the C72 (right)
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Awards and graduations
Scott Draper was named 2016 Woodside Early Career Scientist 
of the Year in the Western Australian Government’s Science 
Awards. The awards were established in 2002 to honour the 
outstanding achievements of WA’s science and innovation 
community. Known around the world for his research in 
offshore fluid mechanics, Scott has developed models to 
optimise the configuration of offshore wind and tidal turbines 
for renewable energy, predict seabed scour, and estimate the 
stability of offshore structures in extreme wave conditions. 
His research on marine renewable energy provided the first 
accurate assessment of marine renewable energy resources 
in the UK. He has published more than 50 peer-reviewed 
papers across all fields of offshore fluid mechanics as well as 
working on multiple Australian Research Council projects and 
supervising award-winning PhD and master’s students. 
www.dpc.wa.gov.au/science/AwardPrograms/
ScienceAwards/Pages/Default.aspx

LRF Associate Professor Scott Draper receiving the 2016 Woodside Early 
Career Scientist of the Year from the Western Australian Government

OFFshore ITRH researcher Dr Sam Stanier – currently the 
postdoctoral research fellow in the Project Four research 
stream (novel anchors and subsea foundation systems) – 
has been awarded a much-coveted Discovery Early Career 
Researcher Award (DECRA), commencing in 2017 for three 
years. Sam’s proposal – entitled Unlocking the changing 
strength of fine-grained soils in numerical analyses – proposes 
to develop methods to reliably simulate numerically strain-
softening/hardening processes in fine-grained soils. The 
project will pioneer the use of image-based deformation 
measurements and aspects of the finite element method 
to validate constitutive models that can capture both 
the softening and hardening occurring through cycles of 
remoulding and consolidation.

A paper authored by Sam Stanier and Dave White in 
collaboration with Justin Blaber (Georgia Tech., USA) and 
Andy Take (Queen’s University, Canada), has been announced 
as an Editor’s Choice for 2016 by Canadian Geotechnical 
Journal. The paper (Stanier et al. 2015) describes and 
benchmarks a new image-based deformation measurement 
tool embodied in the popular freeware program GeoPIV.

Dr Yinghui Tian, Professor Mark Randolph and Professor Mark 
Cassidy received the David Hislop Award for the best offshore 
paper in Géotechnique. Their paper, Analytical solution for 
ultimate embedment depth and potential holding capacity of 
plate anchors, is now available to download free of charge at 
www.icevirtuallibrary.com/doi/full/10.1680/geot.14.P.228. 
It proposes an analytical approach to evaluate the ultimate 
embedment depth and holding capacity that plate anchors 
can potentially achieve.

 
Dr Tian with Ian Hislop, who is the son of award founder David Hislop 

Dr Yinghui Tian, together with Dr Conleth O’Loughlin, 
Professor Mark Cassidy and Professor Lizhong Wang (Zhejiang 
University) were awarded a UWA 2016 Research Collaboration 
Award to enhance the collaboration in offshore anchoring 
system research between UWA and Zhejiang University.

Dr Shiaohuey Chow, Dr Conleth O’Loughlin and Professor 
Christophe Gaudin, along with co-authors Mr Riccardo 
Corti and Dr Andrea Diambra from the University of Bristol, 
were awarded the Telford Premium award for their paper in 
Géotechnique Letters. The paper, Drained cyclic capacity of 
plate anchors in dense sand: experimental and theoretical 
observations, provides experimental evidence for and 
proposes a macro-element theoretical model that shows  
and explains that the drained cyclic capacity of a  
plate anchor in dry, dense sand may be higher than the  
equivalent monotonic capacity. The paper is available at  
www.icevirtuallibrary.com/doi/10.1680/geolett.15.00019.

Laboratory report – 
O-tube
In 2016 we saw a continuation of academic and 
industry research in the collection of O-Tubes at UWA 
and the accompanying wave flumes. The O-Tubes 
are unique facilities that allow near-seabed flow 
conditions to be replicated, and ocean structure-
seabed interaction to be modelled and observed. 
Combined with the conventional wave flumes they 
enable studies across a wide parameter range.

Highlights in 2016

Novel Contact Image Sensors were developed and 
demonstrated by Dr Hongwei An for use in the O-tubes and 
flumes. These sensors can measure scour along a structure 
at high resolution in turbid environments. They also have 
potential to measure suspended sediment concentration very 
close to the bed.

Experimental testing of the stability of concrete mattresses 
was undertaken for local contractors.

Flow visualisation experiments were performed for a wave-
attenuation device designed by Subcon.

A PIV testing rig has been developed for use in the large 
O-Tube. This rig will be used to measure wave boundary layers 
and forces on small-diameter pipelines and cables.

A new 50mm instrumented model pipeline has been 
constructed for the large O-Tube.

PhD research continued, including testing on scour around 
subsea structures represented as truncated columns and as 
shallowly embedded structures.

A collaboration with HR Wallingford continued, focusing on 
scour around subsea structures and columns in a variety of 
soil conditions.

Example of scour around a surface piercing pile – purple sand is visible 
in the wake of the pile (this sand was located in a layer one-half diameter 
beneath the surface). Flow is from left.
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Wangchang Zhang with his session chair Professor Lizhong Wang at 
ISMEG2016 in Qingdao, China

COFS PhD student Terry Griffiths won The University Club of 
Western Australia Research Travel Scholarship.

Terry Griffiths in London at The Shard

Graduations

Name Thesis title Supervisors Where they are now

Steven Cheng Dynamic pushover analysis of jack-up platforms using 
plasticity models for spudcan-soil interaction

Mark Cassidy 
Mehrdad Kimiaei

China Harbour Engineering 
Company, China

Chao Han Prediction of keying of suction-embedded plate anchor 
using analytical and numerical approaches

Mark Cassidy 
Dong Wang 
Christophe Gaudin

 Knight Piesold, Perth

Simon Leckie Scour and sedimentation around subsea pipelines Dave White 
Scott Draper 
Liang Cheng 
Nino Fogliani

 Arup, Perth

Hongliang Ma Numerical investigation of cone and ball 
penetrometers in multi-layered soils using LDFE/RITSS 
method

Yuxia Hu 
Shazzad Hossain

 UWA, Perth

Jalal Mirzadehniasar Probabilistic models for dynamic collapse of jacket 
offshore platforms under extreme waves

Mehrdad Kimiaei 
Mark Cassidy

 Perth

Henning Mohr Computational fluid dynamics modelling and 
experimental simulations of pipe-soil interaction in 
current

Dave White 
Scott Draper 
Liang Cheng

COFS, UWA

Shah Neyamat Ullah Penetration of spudcan foundations into multi-layered 
soils

Yuxia Hu 
Dave White 
Sam Stanier

NUS, Singapore

Colm O’Beirne Development of design approaches for dynamically 
installed anchors validated through field and centrifuge 
studies

Conleth O’Loughlin 
Christophe Gaudin

 CMW Geosciences, Perth

Stefanus Safinus Estimation of spudcan penetration resistance in 
stratified soils directly from field penetrometer data 
and quantification of punch-through risk

Shazzad Hossain 
Mark Cassidy 
Mark Randolph

NGI, Perth

Jingbin Zheng Numerical modelling of spudcan and cone penetration 
in multi-layer soils

Shazzad Hossain 
Dong Wang

Ocean University of China, 
China

Paul Taylor, Rodney Eatock Taylor and Thomas Adcock 
(University of Oxford), were awarded a UWA 2016 Research 
Collaboration Award to enhance the collaboration in offshore 
hydrodynamics between UWA, Oxford and SJTU.

PhD student Cathal Colreavy won the 2016 Australian 
Geomechanics Baden Clegg award for best 15-minute 
presentation to the Western Australian Division of the 
Australian Geomechcnics Society, Engineers Australia 
(australiangeomechanics.org/dr-baden-clegg-award-wa/).

COFS PhD student, Mr Minjung Jun was awarded a 2016 OMAE 
scholarship for outstanding students. The scholarship is in 
recognition of outstanding academic achievement and the 
potential to become a leader in the offshore mechanics and 
polar engineering field. Minjung also had an opportunity 
to participate in the conference’s Outreach to Engineers 
Speciality Forum. Various subjects related to the offshore 
energy business, such as subsea structures, floating platform 
and renewable energy engineering, were introduced 
in this forum.

Mr Minjung Jun at the OMAE 2016 in Busan, Korea

COFS PhD student Wangcheng Zhang has been named as the 
co-winner of the 2016 Prize for higher degree by research 
achievement in Mathematics, Physical Science and 
Engineering, for his paper collaborating with Dr. Dong Wang, 
Professor Mark Randolph and Professor Alexander Puzrin. 
Their paper, published in Géotechnique, presented analytical 
and numerical interpretations of shear band propagation in 
offshore deposits and the triggering mechanism of 
catastrophic submarine landslides. Wangcheng has also 
received a grant from S4SLIDE for his outstanding 
presentation in ISMEG2016. S4SLIDE projects aim  
to attract excellent young researchers to work  
on submarine mass movements and their  
consequences, with detailed descriptions via  
sites.google.com/a/utexas.edu/s4slide/.

Dr Shiaohuey Chow and her co-authors at the Telford Premium 
award ceremony

Mark Cassidy was selected by Knowledge Society and the 
Office of the Chief Scientist as a member of Knowledge 
Nation 100 (Australia’s most innovative scientists, see 
www.knowledgenation.com.au).

Mark Cassidy was also awarded the Hsue-Shen Tsien 
Professorship for Engineering Science Lecture at the Chinese 
Academy of Sciences.

Dr Wenhua Zhao obtained the Best PhD Thesis Award from 
the Education Ministry of Shanghai in 2016. Dr Zhao is the only 
awardee within the stream of Naval Architecture and Ocean 
Engineering for his PhD thesis Numerical and experimental 
investigation of hydrodynamic performance of an FLNG 
system. This award is to highlight the highest quality of 
research during the period of his PhD and the first year after 
completion. Wenhua also won the Best Paper Award from the 
international journal Ships and Offshore Structures in 2016 for 
his co-authored paper Numerical simulation of deterministic 
freak wave sequences and wave-structure interaction. This 
paper was published in Ships and Offshore Structures 11(8): 
802-817. A short description of this award is available via 
dx.doi.org/10.1080/17445302.2016.1278112.

The 2016 Best Paper Award for Dr Wenhua Zhao’s co-authored paper, 
published in Ships and Offshore Structures

Dr Wenhua Zhao, Professor David White, and Drs Scott Draper, 
Hugh Wolgamot and Ian Milne, together with Professor 
Jianmin Yang (Shanghai Jiao Tong University) and professors 
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PUBLICATIONS

COFS in the news

Date Media outlet Article title

Feb-16 SUT UT3 magazine WA researchers develop new tools to probe 
the properties of the seabed

Feb-16 Prelude E-news (shell.cmail20.com/t/ViewEmail/r/
B3C44E24CDA548472540EF23F30FEDED/6429EC845DB7EE8CA10BC276F201ED4B)

A new career path for the 2010 wind tunnel 
model

Mar-16 The West Australian print and online (au.news.yahoo.com/thewest/a/31035048/
uwa-spin-unlocks-pipeline-secrets/_

UWA spin unlocks pipeline secrets

Mar-16 GeoExPro (www.geoexpro.com/articles/2016/02/australia-on-the-map) Australia on the Map

Mar-16 ATSE Focus magazine Twenty Fellows names innovation stars

Mar-16 ATSE Focus magazine Swiss Doctorate for Mark Randolph

Apr-16 UWA (www.news.uwa.edu.au/201604138511/international/uwa-wins-grant-help-
reduce-wave-energy-costs)

UWA wins grant to help reduce wave energy 
costs

Apr-16 LNG18 Upstream online (epaper.upstreamonline.com/upstreamshowdailies/8/) Alliance gives food for thought

Apr-16 Australian Business Network (ausbn.com.au/index.php/blog/795-uwa-introduces-
20m-oil-and-gas-research-hubs)

UWA introduces $20m oil and gas research 
hubs

Apr-16 Energy News Bulletin (www.energynewsbulletin.net/storyview.
asp?storyID=826962609&section=General+News&sectionsource=s63&aspdsc=yes)

Research builds momentum

Apr-16 Utility magazine (http://www.utilitymagazine.com.au/arena-announces-nine-new-
energy-projects/)

ARENA announces nine new energy projects

Apr-16 Hydro International (www.hydro-international.com/content/news/aud1-million-
wave-energy-research-project)

Million-dollar wave energy project in 
Australia

Apr-16 Carnegie Wave Energy (carnegiewave.com/wp-content/uploads/2016/04/150413_
Carnegie_UWA-and-ARENA_MOCL.pdf)

Carnegie partners with UWA on $1 million 
wave energy research project

Apr-16 ABC Radio Interview with Professor Christophe Gaudin

Apr-16 Hydro Link Ocean-structure-seabed modelling in UWA’s 
recirculating O-tube Flumes

May-16 ETH Zurich Annual Report Prof. Mark F. Randolph Honorary Doctorate

Jun-16 ATSE Focus magazine Arena part of nine new R&D projects

Aug-16 The Conversation (theconversation.com/rigs-to-reefs-is-it-better-to-leave-disused-
oil-platforms-where-they-stand-63670)

Rigs to reefs: is it better to leave disused oil 
platforms where they stand?

Aug-16 ScienceNetworkWA (www.sciencewa.net.au/science-in-wa/wa-science-awards/
item/4315-pioneering-plant-researcher-is-wa-s-scientist-of-the-year)

Pioneering plant researcher is WA’s Scientist 
of the Year

Aug-16 UWA media statement Young UWA researchers recognised in 
Premier’s Science Awards

Sep-16 Subiaco Post Take it for a spin

Sep-16 Lab Online (www.labonline.com.au/content/lab-equipment/news/geotechnical-
facility-welcomes-its-third-centrifuge-1473027014)

Geotechnical facility welcomes its third 
centrifuge

Sep-16 National Resources Review (nationalresourcesreview.com.au/?news_
article=threes-crowd-arrival-new-centrifuge)

Three’s a crowd with arrival of new 
centrifuge

Sep-16 UWA media statement Three’s a crowd with arrival of new 
centrifuge

Oct-16 ScienceNetwork WA (www.sciencewa.net.au/topics/technology-a-
innovation/item/4333-new-1-5m-beam-centrifuge-has-ocean-engineers-
beaming#k2Container)

New $1.5m beam centrifuge has ocean 
engineers beaming

Dec-16 WA Business News p.36 (www.businessnews.com.au/article/Energy-tech-
solutions-spun-out-of-UWA-based-research-facility)

Energy tech solutions spun-out of UWA - 
based research facility
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capacity, increases in the eventual capacity (up to 13 per 
cent higher) are observed. However, when the magnitudes 
of the cyclic loads are closer to the monotonic capacity, no 
increases in capacity are observed. These responses are 
explained using an elasto-plastic macro-element model 
extended with expandable bounding and memory surfaces 
that address the increase in strength or stiffness caused 
by changes in soil density and fabric when the anchor is 
subject to cyclic loading in dense sand.

The paper received the Institution of Civil Engineers (ICE 
UK) Telford Premium Prize in 2016 for the best paper 
published in Géotechnique Letters in 2015.
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COFS income 2016 Our clients:

Benthic USA 

Bureau Veritas Marine 

Carnegie Wave Energy 

Daewoo Shipbuilding & Marine Engineering 

Delmar Systems 

Fugro AG 

Fugro Engineers BV 

Golder Associates 

Hatch 

Hydro-Electric Corporation 

Lloyd’s Register 

Marecon 

Monash University 

Norwegian Geotechnical Institute 

Outotec 

POSCO 

Shell Australia 

SRK Consulting 

Subcon Technologies 

Technip UK  

Total E&P Recherche Development  

Trilab 

University of Alberta 

University of Dundee 

Woodside Energy 

COFS expenditure 2016

Industry/Private Funds $4,092,684 – 35%  

ARC Grants      $5,412,117 – 46% 

Host Institution Support   $1,147,872 – 10%

Research Quantum   $978,014 – 8%

Other Funds     $97,236 – 1%

Academic Staff    $5,134,062 – 52%  

Non-Academic Staff   $1,918,992 – 19%

Scholarships & Scholarship   $922,255 – 9% 
Supplements    

Equipment    $908,819 – 9%

Travel & Conferences   $426,360 – 4%

Visitor Support    $53,550 – 1%

Other Expenses    $623,645 – 6%

Financial report Thank you
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