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In April 2010, The Lloyd’s Register 
Educational Trust (The LRET) granted 
funding to COFS to establish the 
Offshore Foundations Research 
Centre of Excellence. In March 2013, 
The LRET was assimilated into a new 
charity, Lloyd’s Register Foundation 
(LRF). COFS is proud to be one of 
the growing number of LRF research 
centres around the world, and 
pleased to enjoy the opportunities 
for collaboration this offers. 

Strong foundations
The Centre for Offshore Foundations Systems  
(COFS) at The University of Western Australia  
is a trusted leader in experimental and applied  
research in offshore engineering.

Lloyd’s Register Foundation 
grants are distributed under 
four categories: funding 
research programs and 
the creation of centres of 
excellence at universities 
worldwide; encouraging 
young people to focus 
on careers in science, 
engineering and technology; 
providing scholarships for 
exceptional under-graduate 
and Masters’ students; and 
supporting professional 
institutes and other charities 
that provide technical 
training and professional 
development. COFS is the 
beneficiary of a five-year LRF-
funded research program. 

Lloyd’s Register 
Foundation (LRF)
Lloyd’s Register Foundation is a charity with a 
mission to protect life and property and to advance 
transport and science, engineering and technology 
education and research.

LRF took over the work of The LRET, 
which had been an independent 
charity, although fully funded by 
Lloyd’s Register, since 2004. LRF’s 
grants program invests in science, 
engineering and technology for public 
benefit around the world.

Since its establishment in 1997, our 
centre has developed one of the most 
sophisticated research and modeling 
facilities in offshore geomechanics 
and engineering anywhere in the 
world. A team of 76 internationally 
recognised researchers, consulting 
engineers and technical staff work 
together to solve some of the key 
engineering challenges of today 
and tomorrow. Our work on the 
mechanics of seabed sediments, 
offshore foundations systems, 
pipeline and deep water offshore 
engineering and geohazards provides 
pivotal support to both the local and 
global engineering community. 

LRF’s roots can be traced back over 
250 years through Lloyd’s Register, 
which in 1760 began surveying 
merchant ships and ‘classing’ them 
according to their condition. When 
LRF was established in 2012, Lloyd’s 
Register became a company limited 
by shares and was renamed Lloyd’s 
Register Group Limited, which applies 
its principles of safety, integrity and 
high standards across a broad range 
of sectors, dedicated to improving 
safety, quality and performance. 
LRF is the sole shareholder of 
Lloyd’s Register Group.
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LRF Funded academics and Phd students aRe,  

(LeFt to Right): Xaiowei Feng, chao han, LuciLe Quéau, 

henning mohR, BRitta Bienen, steFanus saFinus, 

maRk cassidy, somaye sadeghian, Xiaojun Li, maRk 

RandoLPh, scott dRaPeR, jaijie ma, simon Leckie,  

and jaLaL miRzadeh.

LRF Chair in Offshore Foundations: 
Mark Cassidy
Since becoming director in 
January 2006, Mark Cassidy has 
been instrumental in growing 
the connections, funding and 
collaborations that make COFS what 
it is today. His research interests are 
in offshore geotechnics, particularly 
in developing wave-structure-soil 
interaction models for the analysis of 
oil and gas platforms, mobile drilling 
rigs, anchors and pipelines. Mark 
graduated in Civil Engineering from 
the University of Queensland in 1994, 
and as a Rhodes Scholar, attained a 
doctorate in Engineering Science from 
the University of Oxford in 1999. He 
is a fellow of the Australian Academy 
of Technological Sciences and 
Engineering and Engineers Australia.

LRF Assistant Professor: 
Scott Draper
Scott Draper received a dual 
Bachelor of Commerce (Finance) 
and Engineering (with honours) from 
UWA. He pursued doctoral studies at 
the University of Oxford as a Rhodes 
Scholar, where his PhD Thesis, tidal 
energy extraction in costal basins 
positioned him at the forefront of 
shallow sea energy research. Scott 
returned to Perth in 2010, and joined 
COFS as LRF Assistant Professor 
in 2011. His ground-breaking work 
explores tidal energy potentials, and 
with LRF funding, has expanded 
into sediment transport, allowing 
him to work closely with the offshore 
industry in Western Australia.

LRF Associate Professor:  
Britta Bienen
Britta Bienen first joined COFS in 2001 
while working on her Master’s thesis 
on jack-up modelling. After receiving 
a Bachelor of Engineering with 
distinction from Napier University and 
graduating as a Diplom-Ingenieurin 
in 2002 from the University of 
Technology (RWTH) in Aachen, she 
returned to COFS as a visiting scholar. 
Britta stayed on, completing her 
PhD on ‘Three-dimensional physical 
and numerical modelling of jack-up 
structures on sand’ in 2007. She 
returned to COFS after a brief stint in 
consultancy in January 2008 and was 
appointed LRF Associate Professor in 
2010. Her research focuses on various 
geotechnical issues related to mobile 
offshore drilling rigs, and increasingly, 
offshore wind energy.

LRF funded academics

Lloyd’s Register Foundation Centre of Excellence 
at The Center for Offshore Foundation Systems

Support from Lloyd’s Register Foundation has enabled The Centre 
for Offshore Foundation Systems at UWA to make important 
investments in early career academics, establishing a Chair in 
Offshore Foundations, four academic appointments and providing 
additional funding to 11 PhD students. 

02 | Building for the future



LRF Assistant Professor: 
Jinhui (Lisa) Li
Jinhui Li received her PhD from 
Hong Kong University of Science 
and Technology (HKUST) in 2009. 
She worked as a Postdoctoral 
Researcher at HKUST from 2009 
to 2010 and as an Assistant/
Associate professor at the Harbin 
Institute of Technology (HIT) in China. 
Her research is in geotechnical 
engineering, especially reliability-
based design and risk analysis, 
multiple phase flow, deep foundation 
and slope stability. She joined the 
team at COFS in April 2013. 

Lucile Quéau: fatigue analysis of steel 
catenary risers (SCRs) using linear and 
nonlinear riser-soil interaction models. 

Simon Leckie: pipeline on-
bottom stability: The interaction of 
sediment transport, geotechnics and 
structural behaviour.

Somaye Sadeghian: numerical  
analysis of pipeline-seabed interaction 
using a constitutive model that 
considers clay destructuration.

LRF Assistant Professor: 
Xiaowei Feng
Xiaowei Feng holds a Bachelor 
of Engineering from Liaoning 
Technical University, and a PhD from 
Tianjin University in Geotechnical 
Engineering. He came to COFS in 
May 2010 as a visiting student and 
was recruited as LRF Assistant 
Professor, starting at COFS in 
September 2011. He recently 
delivered a talk at the LRF workshop 
His current research focuses on 
failure envelopes for subsea shallow 
foundations subjected to complex 
loading conditions.

Key Researcher: Winthrop 
Professor Mark Randolph
Mark Randolph is the founding 
Director of COFS, and continues to 
play a key role in the development 
of the centre. He interacts closely 
with the offshore industry, both in 
research and through his role as 
a Founding Director of specialist 
geotechnical consultants, Advanced 
Geomechanics. His research 
interests are currently focused on 
offshore developments in deep water, 
especially soil characterisation and 
the estimation of limiting loads for 
foundation, pipeline and anchoring 
systems through a combination of 
centrifuge model tests, numerical 
analysis and plasticity solutions.

Jalal Mirzadeh: probabilistic models 
for dynamic collapse of offshore 
platforms under extreme waves. 

Xiaojun Li: pore pressure mechanisms 
in clays and its application in the uplift 
of offshore foundations.

Stefanus Safinus: estimation 
of spudcan penetration resistance  
in layered soils directly from field 
penetrometer data and quantification  
of punch-through risk. 

Jaijie Ma: numerical modelling 
of submarine landslides and their 
impact on offshore infrastructure 
using the material point method. 

Henning Mohr: computational fluid 
dynamics modelling and experimental 
simulations of pipe-soil interaction.

Chao Han: prediction of keying 
of suction embedded plate 
anchor using analytical and 
numerical approaches.

For information on individual research projects and interests visit:  
www.cofs.uwa.edu.au/collaborations/lrf

LRF PhD scholars
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Adaptation,  
Prediction, Innovation: 
Futures in offshore 
engineering

“The growth in subsea 
infrastructure over the last 
decade has been exponential. 
Much of the infrastructure 
involves mobility within the 
seabed, so simplified but robust 
design models are needed for 
efficient front end engineering 
design, synthesising the results 
of extensive studies involving 
complementary numerical  
and physical modeling.”

Mark Randolph
Founding director of COFS

Lloyd’s Register Foundation supports three 
critical areas of research at COFS: deep water 
engineering, risk and reliability assessment and 
marine renewable energy. Projects within these 
research streams are closely aligned with industry 
research priorities and will provide critical 
advancements in offshore engineering research.

The development of new 
technologies is enabling offshore oil 
and gas exploration and development 
in increasingly deep waters. The 
mooring of floating production 
ships and platforms at these depths 
requires sophisticated cables, 
anchors and subsea foundation 
systems. This research stream 

works to create robust models 
for near-seabed behavior, where 
infrastructure such as pipelines, 
risers, and sliding foundations need 
to accommodate mobility within 
weak seabed sediments. Offshore 
engineering in deeper water requires 
increasingly subtle solutions that 
LRF funding is making possible.

Our Research:  
Mudmat foundations
Subsea structures have historically 
been supported by shallow mudmat 
foundations, but in deeper water, loads 
applied to mudmats have increased. 
Installation vessels are not equipped 
with the lifting capability or technology 
to handle conventional foundations 
at the scale necessary to support 
infrastructure in these depths.

Adaptation: Deep water engineering
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Xiaowei Feng, together with COFS 
academics Susan Gourvenec, Mark 
Randolph, and industry partner 
Regis Wallerand from Subsea 7, 
are working towards an improved 
design methodology for safer and 
more efficient mudmat foundations. 
The research focuses on rectangular 
mudmats with a length to breadth 
aspect ratio of 2 and embedment 
ratios from 0 to 0.2 times the 
foundation breadth. The results 
are interpreted through the failure 
envelope method, encapsulated in a 
design methodology and presented 
in a spread-sheet based design tool. 
Designs are subjected to advanced 
numerical modeling and a series of 
centrifuge tests assessing 6 degree-
of-freedom loading.

Outcomes
This research has shown that 
the loading capacity of mudmat 
foundations is enhanced through pile 
and mat interaction. The addition of 
corner pin piles can reduce the size 
of subsea mudmats by up to 20%, or 
allow a mudmat of specified size to 
withstand larger loads. This design 
methodology is being extended 
to incorporate a new ‘hybrid 
subsea foundation’ with mudmat 
loading augmented through corner 
pinned piles. 

Centrifuge facilities 
The centrifuge facilities at COFS 
are among the best in the world. 
We currently operate the only 
geotechnical centrifuge facility in 
Australia, with a 3.6 m diameter 
fixed beam centrifuge and a second 
1.2m drum centrifuge. A third 10 m 
diameter centrifuge has been ordered 
by COFS and will be housed in the 

upcoming Indian Ocean Marine 
Research Centre at the UWA to be 
built in 2015. As the sheer size of 
offshore structures renders full-scale 
physical tests impossible, our facilities 
provide crucial data and prediction 
models that save resources, protect 
the environment and ensure the 
safety of workers and engineers.

aRtist’s imPRession oF the uPcoming indian ocean maRine ReseaRch centRe at uwa.

Phd student henning mohR woRking with the dRum centRiFuge.
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engineering, structural analysis and 
wave mechanics by developing 
numerical models in a framework  
that allows an integrated assessment 
of offshore structures and pipelines. 
Our ultimate aim is to establish a 
practical framework for assessing the 
stability, serviceability and fatigue life 
of the structural and riser systems 
that will underpin tomorrow’s marine 
energy developments.

COFS has positioned itself at the 
forefront of developing the analytical 
models and methodologies required 
to accurately predict the risk of failure 
of offshore foundations, pipelines and 
platform systems. While traditional 
assessment methods separate soil 
systems, currents, wave loading 
and other risks, these factors need 
to be treated as a whole system 
to accurately predict stability and 
safety. Our approach bridges 
the disciplines of geotechnical 

Prediction: risk and 
reliability assessment

“The natural variability in 
geological deposits, coupled 
with the existing uncertainty 
in loading conditions and 
limited on-site data, makes the 
quantitative risk assessment 
by operators, government 
regulators and engineering 
practice challenging. Our 
aim is to provide frameworks 
to accurately quantify 
geotechnical uncertainties and 
to incorporate it efficiently 
into the probabilistic risk 
assessment of offshore 
infrastructure.”

Mark Cassidy
Director of COFS and LRF Chair  
in Offshore Foundations
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Soils laboratory
COFS hosts an extensive library 
of offshore soils collected for 
industrial testing programs and our 
fundamental research programs. 
Our researchers have access to 
world-class soil characterisation 
laboratories, and our soils library 
from both Australian and international 
seabeds enables us to conduct a 
wide range of laboratory tests. 

These tests include: monotonic and 
cyclic triaxial and simple shear tests, 
constant normal stiffness (CND) 
direct shear tests, interface direct 
shear tests, Rowe Cell consolidation, 
constant rate of strain consolidation 
and thermal and electrical 
conductivity.

Our Research:  
Jack-up failure 
Jack-up platforms are installed  
by jacking the hull up off the water, 
while large ~20 m diameter spudcans 
are pushed into the seabed. This 
installation is challenging because 
of the prevalence of buried sand 
layers and highly stratified seabeds. 
Potential exists for unexpected punch 
through failure, where a spudcan 
uncontrollably pushes a locally strong 
zone of soil into an underlying softer 
material. Such failures can lead to 
leg- buckling and in extreme cases, 
can even topple the platform. As 
many as five jack-up failures are 
recoded annually, mainly due to rapid 
leg penetration through seabeds of 
inconsistent strength. 

At COFS we have developed new 
analytical solutions for spudcan 
punch-through in two-layered and 
multi-layered soils. These allow a 
prediction of the largest vertical load 
before punch-through occurs. In 
collaboration with Dr Marco Uzielli 
of GeoRisk in Italy, Mark Cassidy 
and others at COFS are defining 
a method to provide estimates of 
the probability of punch-through 
using a Bayesian framework. These 
predictions can be made prior to the 
jack-up installation and account for 
uncertainties within soil profiles and 
allows the models that we develop to 
be consistently adapting to offshore 
design and practice.

Outcome
This new model provides engineers 
with a quantitative framework for 
evaluating possible failures before 
the jack-up arrives at site. More 
importantly, the probabilistic contour 
predictions can be updated moment 
by moment during installation as 
more data is gathered. This research 
improves safety by developing more 
reliable models for the installation, 
operation and retrieval of jack-
ups and provides guidance to the 
inclusion of monitored data in real-
time offshore decision making. 
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“The idea of extracting tidal 
energy with tidal turbines is 
exciting, but we need to make 
sure we know how much power 
can be removed from the tides, 
because theoretically we know 
there is a maximum or optimum 
power for any particular coastal 
locations. We then need to 
concentrate on what fraction 
of this energy can be feasibly 
removed (allowing for aspects 
of hydrodynamic efficiency and 
cost), before we can understand 
the potential for the tides to 
make a useful contribution to 
energy demands. These types of 
questions are very much what we 
like to work on.” 

Scott Draper
LRF Assistant Professor

opportunities for technology transfer 
from the oil and gas sector do exist, 
differences in site-location, size, 
foundation systems and applied loads 
require enabling solutions before 
new energies can become financially 
viable.

Innovation: marine renewable energy systems

Unlike oil and gass developments, 
the technology for renewable marine 
energy is in its infancy. Western 
Australia is one of the most promising 
wave and tide energy locations in the 
world, placing COFS at the forefront 
of renewable energy research. While 

Photo: a massive undeRwateR tuRBine awaits 

inseRtion. Photo couRtesy oF atLantis 

ResouRces coRPoRation and mike RoPeR.
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Outcomes
These findings come at a critical 
moment in the development of the 
Pentland Firth. The UK Crown Estate 
plans to lease sites along the firth 
to different tidal stream developers. 
Draper and Adcock’s findings 
suggest that in order to maximise 
energy extraction, developers would 
need to work together to locate 
devices strategically. 

numeRicaL modeLing RePRestentations oF tidaL eneRgy PotentiaLs in the PentLand FiRth.

“It’s opened up a new field of 
research for me. I’m getting 
more into renewables. Being a 
LRF Centre of Excellence has 
widened our global network 
and given me the impetus to 
focus some of my research on 
offshore wind energy.”

Britta Bienen
LRF Associate Professor Research 

spotlight
The cyclone circuit: 
UWA’s O-Tube program
O-Tubes are oval recalcitrating 
flumes through which water is rapidly 
circulated, simulating extreme 
underwater wave and current 
conditions. Two of these tubes have 
been designed and assembled by 
UWA’s in-house technical team.

Together, the large and mini O-Tube 
represent the only facility of their 
kind in the world. The large O-Tube 
can simulate severe cyclonic 
storm conditions (such as those 
experienced on the Australian North 
West Shelf), forcing 60 Tonnes of 
water through the 1 meter square 
working section with a 16 m-long bed 
of natural seabed soil. 

The mini O-Tube, at 1:5 scale 
of the larger O-Tube, allows for 
rapid turnaround on smaller 
scale experiments and has been 
instrumental in studying in-situ soil 
erosion, a new research stream made 
possible by LRF funding. 

scott dRaPeR, Qin zhang and dave white 

with the Big o-tuBe.

Our Research:  
Tidal energy extraction
The Pentland Firth off the northwest 
coast of Scotland is one of the 
most promising tidal stream energy 
locations in the world. Often referred 
to as a possible “Saudi Arabia” of tidal 
energy, the site is an ideal location 
for many tidal energy developers 
to deploy rows or “fences” of 
underwater turbines. 

Scott Draper and Thomas Adcock  
(University of Oxford,) have spent 
the past year modeling energy 
extraction at this site. They developed 
a numerical model of tidal currents 
around the Firth, and an analytical 
model capturing the fundamental 
physics of the site. This work has 
produced the first theoretically correct 
estimate of a source, and indicated 
that isolated deployments of tidal 
stream devices can interact. This 
means that if two or more tidal device 
developers operate in the Pentland 
Firth they must do so cooperatively.
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Global issues, global solutions 
Our researchers, collaborations and projects bring together varied perspectives and 
resources to offer a truly global approach to offshore engineering. This map shows a 
selection of academics, industry and research connections over the past five years and 
highlights the diverse backgrounds of our research team.

Academic collaborations  Visiting scholars

 
Industry collaborations

 
LRF scholars and academics

 Industry projects
 

COFS academics and staff
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Lloyd’s Register 
Foundation Collegia
PhD students Steven Cheng and 
Xiaojun Li were privileged to attend 
the July-September 2011 The LRET 
research collegium at the University 
of Southampton, UK. 

Working with 18 other scholars from 
the LRF Research Centre Network, 
Steven and Xiaojun researched 

Xiaojun Li and stePhen cheng with the 2011 LRF coLLegium gRouP at stonehenge. Photo: LLoyd’s 

RegisteR Foundation and the univeRsity oF southamPton ( PReviousLy the LLoyd’s RegisteR 

educationaL tRust (the LRet) ReseaRch coLLegium. in maRch 2013, the LRet was assimiLated into 

LLoyd’s RegisteR Foundation).

Xiaojun Li and stePhen cheng with 

mR michaeL FRankLin, gRants diRectoR oF 

LLoyd’s RegisteR Foundation.

“It was a great chance for me to 
look beyond the engineering, 
beyond my own research. It 
was an honour to share ideas 
with other engineers, and learn 
how to realise those ideas 
working cooperatively. The 
focus of the LRET Collegium is 
on solving problems creatively.”

Xiaojun Li
LRF Scholar and 2011 Collegium 
participant

“By getting researchers together 
from different centre’s to 
facilitate new collaborations, 
networking and creativity, LRF 
collegiums offer valuable chances 
to connect with first-class 
researchers from around the 
world. The connections we made 
there have helped direct energy 
and focus into our research 
priorities, ensures we have actual 
outputs and that we are building 
for the future.”

LRF Associate Professor  
Britta Bienen

An International Community

“By facilitating international 
collaboration amongst the 
engineers of the future, LRF is 
encouraging closer cooperation 
between centres of research 
excellence worldwide in tackling 
engineering challenges which 
affect us all.” 

Michael Franklin 
Grants Director of Lloyd’s 
Register Foundation

solutions to carbon capture and 
offshore storage. Their resulting 
research A Small Carbon Footprint 
is available through The LRET 
Collegium 2011 Book Series from 
the University of Southampton.

Subsequent collegia have 
continued to foster creative 
collaboration among the LRF 
Centre of Excellence Network. 
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Lloyd’s Register’s history of public 
benefit has set the tone of the 
organisation for over 250 years. 
As a LRF Centre of Exellence, 
COFS shares these values. To 
extend the impact of ground-
breaking researchers, we instituted 
an annual Oration (formerly The 
LRET Oration Australia, now the 
LRF Oration Australia) to share 
the work of international leaders 
in offshore engineering with our 
broader community. 

In November 2012, Winthrop 
Professor and former COFS 
Director Mark Randolph delivered 
the inaugural The Lloyd’s Register 
Educational Trust Oration Australia 
on ‘Geotechnical engineering on and 
off the North-West Shelf of Australia’. 
An audience of over 200 attendees 
from 48 different academic and 
industry organisations gathered in 
Perth to learn from one of the most 
highly cited geotechnical engineers 
in the world. 

“Lloyd’s Register has set  
a standard of excellence for  
the duration of its history.  
To share in some small part of 
that legacy of safety, service, 
and innovation is an honor.”

Mark Cassidy
COFS Director and LRF  
Chair in Offshore Foundations

Giving back in the spirit  
of Lloyd’s Register

In May of 2013, Dr Suzanne 
Lacasse, Technical Director of the 
Norwegian Geotechnical Institute 
(NGI) gave the 2013 Lloyd’s Register 
Foundation Oration Australia on 
‘Geotechnical Solutions for the 
Offshore Interweaving of Research 
and Practice.’ Her internationally 
recognised work in risk assessment 
and design has been pivotal in 
our risk and reliability assessment 
research stream. We look forward to 
further collaborations with NGI, and 
future LRF Orations expanding the 
reach of critical research in offshore 
geomechanics.

(LeFt to Right) PRoFessoRs yoo sang choo, maRk cassidy, maRk RandoLPh, mR michaeL FRankLin 

and tim shanahan, diRectoR oF the eneRgy and mineRaLs institute at uwa at the inauguRaL LRet  

oRation in novemBeR 2012.

Looking 
forward
Securing sustainable energy resources 
for the future is a critical priority 
around the world. COFS is dedicated 
to educating future leaders, setting 
the pace for groundbreaking research, 
and ensuring rapid implementation of 
our findings through public discussion 
and industry collaboration. As offshore 
engineering moves into deeper waters 
and new energy industries, we work 
to expand the depths of innovative 
research and global thinking to face 
changing engineering challenges. 
With the support of Lloyd’s Register 
Foundation, and a global network of 
research partnerships, we are building 
for future changes and challenges in 
offshore engineering. 

maRk cassidy, suzanne Lacasse and 

maRk RandoLPh at the LLoyd’s RegisteR 

Foundation oRation, austRaLia 2013.
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