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

Research Goals
The principal research aims of the Centre are to identify the key micro-structural response of natural seabed 
sediments and to establish quantitative links between that response and the performance of foundations systems.  
The Centre will:

•	 identify	 the	 key	 mechanisms	 at	 a	 micro-structural	 level	 that	 dictate	 critical	 aspects	 of	 behaviour,	 and	
quantify that behaviour within numerical models that capture development of damage or volume collapse 
under cyclic loading;

•	 evolve	 conceptual	 models	 for	 the	 calculation	 of	 foundation	 performance	 under	 monotonic	 and	 cyclic	
loading, and develop unified finite element treatment of the effects of cyclic loading on foundation systems 
– eventually for three dimensional geometries;

•	 develop	coupled	fluid-structure-soil	models	for	problems	such	as	scour,	pipeline	and	steel	catenary	riser	
response, and performance of jack-up rigs; and

•	 establish	 a	 design	 framework	 for	 optimising	 the	 choice	 of	 foundation	 system,	 taking	 account	 of	 risk	
factors.

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

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

Financial Goals
To attract sufficient research funding from industry and research grants, to remain self-sufficient and to achieve the 
research, service and teaching goals of the Centre. 
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2007 saw the launch of several exciting research initiatives, extending COFS 

engagement with industry, whilst cementing and establishing relationships with other 

Universities and research institutes. 

The centrifuge facilities also continued to be heavily utilised, 
with Centrifuge Manager Christophe Gaudin’s precise 
timetabling resembling that of “Swiss Rail”. For the year, 
the beam and drum centrifuges spun for 278 and 118 
days respectively. The reputation of the centrifuge facility 
to deliver high quality model testing was again recognised 
in 2007, with industry contracts with Golder Associates, 
Keppel Offshore and Marine, Worley Parsons and Woodside 
Energy. These tests were only possible through the dedicated 
technical support of centrifuge operators Don Herley and Bart 
Thompson, electronic workshop technicians John Breen, 
Shane De Catania, Phil Hortin, Khin Seint and Tuarn Brown, 
and mechanical workshop technicians Neil McIntosh, Dave 
Jones, Frank Tan and Alby Kalajzich. 2007 also saw the 
upgrade of the data acquisition system in the drum centrifuge 
and in 2008 we look forward to the commissioning of the 
beam’s four degrees of freedom robot.

The achievements of COFS academics continue to be 
recognised both within UWA and internationally in our 
geotechnical community. Congratulations to Christophe 
Gaudin on his promotion to Senior Research Fellow and 
being awarded the 5th Annual Schofield Award for the 
paper “Sand characterisation by combined centrifuge and 
laboratory testing” (co-authored with Dr Fernando Schnaid of 
the Federal University of Rio Grande in Brazil and Dr Jacques 
Garnier of the LCPC in France). Those with good memories 
will recall that Christophe was also the recipient of the 4th 
Schofield Award. COFS received an early Christmas present 
with the elevation of David White to Professorial Fellow and 
his decision to make Fremantle and COFS his permanent 
home. 

Other COFS staff who received accolades included Richard 
Merifield who was awarded the 2007 Telford Premium by the 
Institution of Civil Engineers for his paper entitled “Three-
dimensional lower-bound solutions for the stability of plate 
anchors in sand”. The paper was co-authored with Andrei 
Lyamin and Scott Sloan of the University of Newcastle 
and published in Geotéchnique (Vol. 56, No. 2). COFS 
PhD student Shazzad Hossain, along with Yuxia Hu, Mark 
Randolph and David White was awarded the “BGA Prize” 
for the best paper authored by a member of the British 
Geotechnical Association. Their paper entitled “Limiting 
cavity depth for spudcan foundations penetrating clay” was 
published in Geotéchnique (Vol. 55, No. 9). 

After much planning, the CSIRO Wealth from Ocean Flagship 
Collaboration Cluster on Subsea Pipelines was launched in 
October. Over 80 invitees attended the breakfast ceremony in 
COFS centrifuge laboratory and witnessed the signing of the 
agreement. 

The Minerals and Energy Research Institute of Western 
Australia (MERIWA) facilitated six oil and gas operators (BHP, 
BP, Chevron, Conoco Phillips, Petrobas, Woodside Energy) 
into an initiative to study the impact of submarine landslides 
on deepwater pipelines. This project has funding in excess of 
$1.1 million and is led by David White, Mark Randolph and 
Christophe Gaudin. 

We also continue as a Western Australian Government 
Centre of Excellence, contributing to the financial support 
for the ARC Federation Fellowship of Mark Randolph as he 
leads COFS assault on the significant research challenges 
associated with developing oil and gas reserves in water 
depths greater than 1000m.

The combined CSIRO Cluster, MERIWA and Centre of 
Excellence projects have seen an influx of personnel to 
COFS. We welcomed academics Dong Wang (Dalian 
University), Yinghui Tian (Tianjin University) and Nathalie 
Boukpeti (University of Minnesota and Université of Liège). 
Ming Zhao and Xinqun Zhu, postdoctoral fellows in the 
School of Civil and Resource Engineering also joined the 
Pipeline Cluster. 

COFS owes much of its success to the dedication and 
support provided by its technical team. Within the COFS soils 
laboratory the start of 2007 was marked by the immensely 
sad passing of our highly respected friend and colleague 
Natalia Kroupnik. Natalia was one of our soil technicians 
since May 2000. As a key contributor to the friendly and 
harmonious team environment in the laboratory she is dearly 
missed. A vale to Natalia is included in this annual report. 

Despite this sad beginning to the year, the soils laboratory 
lead by laboratory manager Binaya Bhattarai and laboratory 
assistants Claire Bearman and Kristin Hunt had their busiest 
year ever. Over $1.8 million of characterisation testing was 
performed in the laboratory, including projects for the North 
West Shelf and Timor Sea developments Angel, Browse, 
Greater Gorgon, Pyrenees, Pluto and Van Gogh. Binaya, 
Claire and Kristin were ably assisted by COFS recruit Aaron 
Groves and the part-time helping hands Lewis Waters, Han 
Eng Low, Jonathan Zhong Yuan and Hongjie Zhou.  

www.cofs.uwa.edu.au
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Shazzad was also awarded one of the 2007-2008 Offshore 
Mechanics Scholarships from the International Society 
of Offshore and Polar Engineering (ISOPE). In making 
their announcement the ISOPE Awards Committee noted 
that the scholarship is “in recognition of your outstanding 
academic achievement and potential to become a leader in 
one of the disciplines related to offshore mechanics or polar 
engineering”.  Other COFS student distinctions included 
James Schneider for winning the Baden Clegg prize at the 
AGS Young Geotechnical Professionals’ Seminar in June and 
Matthew Hodder, who was awarded the Western Australia 
Energy Research Alliance (WA:ERA) Top-up Scholarship 
for 2007. 

Britta Bienen, Nina Levy and Chin Chai Ong are 
congratulated for successfully completing their PhD theses in 
2007. Britta will join us in 2008 as a Research Fellow. 

After 11 years of steering COFS as our Business Manager, 
Diane Christensen retired in 2007. As a founding member, 
being recruited at its 1997 inception, we owe much of our 
success to her nous, good counsel and steady hand. We 
wish her well in her new (occasionally European) adventures 
and as business support at Perth’s Cat Haven (after years 
of herding academics, cats will be a breeze!). After a 
secondment as School Manager for UWA’s Paediatrics and 
Child Health, Lisa Pavich was thankfully persuaded to return 
to COFS as our new Business Manager. 

Though scattered with moments of sadness, 2007 was 
another successful year for COFS. As oil prices pushed over 
$100 a barrel, the high activity in the offshore industry has 
been matched by all within COFS. We live in exciting and 
ever changing times. This is our 11th Annual Report and its 
highlights are presented here.

Mark Cassidy
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Management Committee: The Management Committee is chaired by the Director and membership consists of 
the Deputy Director, Business Manager, ARC Federation Fellow and a senior academic 
in the Geomechanics discipline within the School of Civil and Resource Engineering.  
The terms of reference of the Management Committee are:

  (1) to formulate long term strategies; 

  (2) to review the progress of scientifi c objectives; and 

  (3) to maintain budgetary targets. 

Staff
Director Professor Mark Cassidy
Deputy Director Professor Martin Fahey/Dr Susan Gourvenec
Federation Fellow Professor Mark Randolph 
Business Manager Ms Diane Christensen/Mrs Lisa Pavich
Administrative Offi cer Mrs Inga Carr/Mrs Monica Mackman
Finance Offi cer Mrs Lisa Pavich
Purchasing Offi cer Mr Ivan Kenny
Administrative Assistant Ms Simone Fedorczuk/Mrs Inga Carr
Research Associate Dr Yinghui Tian
 Dr Dong Wang 
Research Fellows Dr Christophe Gaudin
 Dr Mehrdad Kimiaei
 Dr Nathalie Boukpeti
Senior Lecturers Dr Susan Gourvenec 
 Dr Richard Merifi eld
Professorial Fellow Professor Boris Tarasov
 Professor David White
Systems Engineer Dr Wenge Liu
Senior Engineer Mr Binaya Bhattarai
Soils Technicians Mrs Claire Bearman
 Mr Aaron Groves
 Ms Kristin Hunt
Senior Technician (Drum Centrifuge) Mr Bart Thompson
Senior Technician (Beam Centrifuge) Mr Don Herley
Technician  Mr Alex Duff

Management Committee
Director and

Deputy Director
Advisory Board

Senior Engineer (Soils)
Chief Technicians
(Drum Centrifuge)
(Beam Centifuge)

Business Manager

Technician 
(General)

Administrative 
Offi cer

Finance Offi cer

Seabed Sediments 
Research Team

Foundation Design 
Research Team

Fluid-Structure-Soil 
Interaction Research Team

Administrative 
Assistant

Technical Support

Technicians 
(Soils)

Purchasing Offi cer

www.cofs.uwa.edu.au
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SEABED CHARACTERISATION

Research staff 

Martin Fahey

Mark Randolph

Nathalie Boukpeti

Research students 

Han Eng Low

Nina Levy

Chin Chai Ong

Khader Rammah

Mark Richardson

FOUNDATION DESIGN

Research staff

Mark Randolph

Martin Fahey

Susan Gourvenec

Christophe Gaudin

Richard Merifield

David White

Dong Wang

Research students

Hugo Acosta-Martinez

Muhammad Hossain

Nobutaka Yamamoto

Hongjie Zhou

Shinji Taenaka

Anj-jui Li

Final year students

Robert Chevis

Kien Hung Tham

Bret Campbell

David Field

Katie Jensen

Vivienne Moir

FLUID-STRUCTURE-SOIL INTERACTION

Research staff

Mark Cassidy

Liang Cheng

Mehrdad Kimiaei

Mark Randolph

David White

Yinghui Tian

Research students

Britta Bienen

Marc Senders

Matthew Hodder

Kok Kuen Lee

Kervin Yeow

Hodjat Shiri

Final Year students

Souroush Eshaghpour

Shirley Cheung

Stephen Denham

Asher Packard-Hair

Michael Pearce

Matthew Smeets

Daniel Strzina

Project Teams

8



Dr Britta Bienen, Research Fellow  

Biography

Britta graduated as a civil 
engineer from the University 
of Technology, Aachen, 
Germany, in 2002. During her 
studies, she spent one year at 
Napier University, Edinburgh, 
Scotland, where she was 
awarded a B.Eng. degree. 
Britta undertook her Honours 
thesis (Diplomarbeit) at COFS. 
Following graduation Britta 
worked at the University of 

Technology in Munich, Germany, for one year as a Research 
Assistant. In 2003, Britta returned to COFS, where she 
completed her PhD in 2007. After a brief period in industry, 
working for Golder Associates in Perth, Britta returned 
to COFS in January 2008 as a Research Fellow. Britta’s 
research focuses on jack-up platforms and their shallow 
foundations.

Research Interests

Britta’s research interests have so far focussed on physical 
and numerical modelling of jack-up platforms and their 
shallow foundations. This includes:

She has contributed to the development of foundations 
models to predict the behaviour of shallow foundations under 
combined loading, focussing on the extension of the model to 
three-dimensional space (i.e. six degrees-of-freedom) and the 
applicability of the model to jack-up foundations. Britta has 
developed a numerical analysis program, incorporating this 
footing model as well as hydrodynamic models to integrating 
fluid-structure-soil interaction, for the simulation of jack-up 
behaviour, also in three dimensions.

He concentrates on the development of foundation models 
and their incorporation into numerical fluid-structure-soil 
interaction programs. Specific areas of interest include:

Development of a foundation model for the prediction of 
load-displacement response of shallow foundations under 
combined loading in space (applied to jack-up footings)

Integration of hydrodynamic-structural-soil modelling and the 
development of appropriate numerical programs (for dynamic 
analysis of jack-up platform, for instance)

Centrifuge modelling of offshore foundations (single footings 
but also the entire jack-up system)

Key Publications

Bienen, B., Cassidy, M.J. & Gaudin, C. (?). Physical modelling 
of the push-over capacity of a jack-up structure on sand in 
the geotechnical centrifuge. Canadian Geotechnical Journal, 
accepted 25 March 2008.

Bienen, B., Gaudin, C. & Cassidy, M.J. (2007). Centrifuge 
tests of shallow footing behaviour on sand under combined 
vertical-torsional loading. International Journal of Physical 
Modelling in Geotechnics, Vol. 7, No. 2, pp. 1-21.

Bienen, B. & Cassidy, M.J. (2006). Advances in the three-
dimensional fluid-structure-soil interaction analysis of offshore 
jack-up structures. Marine Structures, Vol. 19, No. 2-3, pp. 
110-140.

Bienen, B., Byrne, B., Houlsby, G.T. & Cassidy, M.J. (2006). 
Investigating six degree-of-freedom loading of shallow 
foundations on sand. Géotechnique, Vol. 56, No. 6, pp. 367-
379; discussion Vol. 57, No. 5, pp. 483–484.

www.cofs.uwa.edu.au
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Dr Nathalie Boukpeti, Research Fellow  

Biography 

Nathalie obtained her Engineer 
Diploma in Civil Engineering 
and Urban Planning in 1996, 
from the Institut National des 
Sciences Appliquées (INSA) in 
Lyon, France. She completed 
her M.S. (1998), and her Ph.D. 
(2001) in Civil Engineering at the 
University of Minnesota, USA.

She has been appointed a post-
doctoral Research position at 
the Université of Liège, Belgium, 

from 2001 to 2004. In September 2004, she was granted a 
three year Research position by the FNRS (Fonds National 
de la Recherche Scientifique), at the Université catholique 
de Louvain. She visited the School of Civil and Resource 
Engineering at the University of Western Australia from 
November 2005 to July 2007.

Nathalie has been working on the development of elasto-
plastic constitutive models for sand, chemo-plasticity models 
for clays, and their implementation in numerical codes (for 
ex. FLAC). Lately, she has also worked on modelling the 
behaviour of porous material during freezing, using a poro-
elasticity approach. Nathalie’s current research focuses on 
numerical and analytical modelling of submarine landslides, 
and their impact on pipelines.

Research Interests 

•	 Constitutive	modelling	of	granular	materials

•	 Liquefaction	in	granular	deposits

•	 Analytical	and	numerical	modelling

•	 Coupled	phenomena	in	porous	materials

Key Publications

Boukpeti N., Mróz Z., and Drescher A. (2002) A model for 
static liquefaction in triaxial compression and extension. 
Canadian Geotechnical Journal, Vol. 39(6), pp. 1243-1253. 

Mróz Z., Boukpeti N., and Drescher A. (2003). Constitutive 
model for static liquefaction. International Journal of 
Geomechanics (ASCE), Vol. 3(3), pp. 133-144.

Boukpeti N., Mróz Z., and Drescher A. (2004) Modeling rate 
effects in undrained loading of sands. Canadian Geotechnical 
Journal, Vol. 41, pp. 342-350.

Boukpeti N. (2007). One-dimensional analysis of a poroelastic 
medium during freezing. International Journal for Numerical 
and Analytical Methods in Geomechanics. In press.

Professor Mark Cassidy, Director   

Biography

Mark completed an 
undergraduate Civil Engineering 
degree at the University of 
Queensland in 1994. Following 
graduation Mark joined 
consulting engineering firm 
Arups in Brisbane, where he 
was involved in the design of the 
central station in Hong Kong’s 
new airport-rail link. In late 1995, 
Mark moved to the University 
of Oxford as a Rhodes Scholar, 
where he completed his 

doctorate in Engineering Science in 1999. Since joining COFS 
in 2000, Mark has concentrated on development of models 
for wave-structure-soil interaction analysis, with particular 
emphasis on jack-up platforms and pipelines. 

Research Interests 

Mark’s research interests include analytical and experimental 
studies of the performance of offshore platforms. He 
concentrates on the development of foundation models 
and their incorporation into numerical fluid-structure-soil 
interaction programs. Specific areas of interest include:

•	 Development	of	numerical	models	within	a	plasticity	
framework for predicting the load-displacement response 
of shallow foundations

•	 Centrifuge	modelling	of	offshore	foundations

•	 Incorporating	foundation	models	into	the	structural	analysis	
of offshore structures (particular interest in the dynamic 
behaviour of mobile jack-up drilling rigs)

•	 Stability	of	offshore	pipeline	systems

•	 Use	of	probabilistic	and	reliability	methods	in	the	
understanding of offshore geotechnical and structural 
problems

•	 Investigation	of	shallow	water	kinematics	and	loading	
effects on the North West Shelf of Australia.

Key Publications

Cassidy, M.J., Byrne, B.W., Houlsby, G.T. (2002). Modelling 
the behaviour of circular footings under combined loading on 
loose carbonate sand. Géotechnique, Vol. 52, No. 10, pp. 
705-712.

Cassidy, M.J., Houlsby, G.T., Hoyle, M., Marcom, M. 
(2002). Determining appropriate stiffness levels for spudcan 
foundations using jack-up case records. Proc. 21st Int. Conf. 
on Offshore Mechanics and Arctic Engineering (OMAE), 
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American Society of Mechanical Engineers (ASME), Oslo, 
Norway, OMAE2002-28085.

Vlahos, G., Cassidy, M.J., Byrne, B.W. (2006). The behaviour 
of spudcan footings on clay subjected to combined cyclic 
loading. Applied Ocean Research. Vol. 28, No. 3. pp. 
209-221.

Bienen, B. and Cassidy, M.J. (2006). Advances in the three-
dimensional fluid-structure-soil interaction analysis of offshore 
jack-up structures. Marine Structures, Vol. 19, No. 2-3, pp. 
110-140.

Professor Martin Fahey, Deputy Director 

Biography

Martin completed 
undergraduate degrees in 
Mathematics (BA) and Civil 
Engineering (BAI) at Trinity 
College, Dublin, in 1976. 
After working for one year 
with the Harbours’ Division of 
the Office of Public Works in 
Dublin, he went to Cambridge 
University, completing a PhD 
in Soil Mechanics in 1980. He 
then moved to Perth to join 
Golder Associates, Consulting 

Geotechnical and Mining Engineers, working on a wide range 
of projects – foundations for urban and industrial buildings, 
mine tailings studies, dam construction – before taking up a 
position as Lecturer at UWA in 1984. He was involved with 
the early studies at UWA on the remediation work for the 
Rankin ‘A’ platform on the NW Shelf, and the investigations 
for the Goodwyn Platform. Since (and prior to) the inception 
of COFS, he has been heavily involved in the development of 
the geotechnical testing laboratory, and has led the research 
stream on soil characterisation in COFS.  He is a core 
member of Technical Committee 16 (“Site Characterisation by 
In Situ Testing’) of the International Society for Soil Mechanics 
and Geotechnical Engineering, and a committee member, 
Australian Geotechnical Society (Perth Chapter).

Research Interests

Martin has research interests in a number of fields, which can 
be grouped into offshore soil mechanics, various aspects 
of mine tailings behaviour and management, and ground 
property characterisation for urban development. (The list of 
key publications given below includes publications relating to 
each of these areas). In the area of offshore soil mechanics, 
his main interests are in soil characterisation for offshore 
foundation design using various element tests – triaxial, 
simple shear, constant normal stiffness direct shear.  He 
has also an interest in various methods of reconstituting soil 
retrieved from the seabed to have properties representative 
of in situ conditions, such as using flocculants to create 
calcareous soils with high void ratios, and using artificial 
cementation methods to create representative samples of 
cemented calcareous soils with repeatable properties. He 
has recently turned his attention to investigating methods 
of reconstituting soils with variable degrees of sensitivity (in 
conjunction with colleagues Prof. Andy Fourie (ACG) and 
Dr Y.K. Leong (School of Mechanical Engineering).

Key Publications

Fujiyasu, Y., and Fahey, M. (2000). Experimental study of 
evaporation from saline tailings. Journal of Geotechnical and 
Geoenvironmental Engineering, ASCE, Vol. 126, No.1, 18–27. 

Fahey, M., Newson, T.A. and Fujiyasu, Y. (2002). Engineering 
with tailings.  Invited Keynote Lecture, Proceedings 4th 
International Conference on Environmental Geotechnics, Rio 
de Janeiro, Brazil, Vol. 2, 947-973, Balkema, Lisse.

Mao, X. and Fahey, M. (2003). Behaviour of calcareous soils 
in undrained cyclic simple shear.  Géotechnique, 53, (8), 
715–727.

Sharma, S.S. and Fahey, M. (2004). Deformation 
characteristics of two cemented calcareous soils. Canadian 
Geotechnical Journal, Vol. 41, 1139-1151.

Helinski, M., Fourie, A.B., Fahey, M. and Ismail, M.A. (2007). 
The self-desiccation process in cemented mine backfill. 
Canadian Geotechnical Journal, Vol. 44, No. 10. 1148–1156.

www.cofs.uwa.edu.au
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Dr Christophe Gaudin, 
Senior Research Fellow/Centrifuge Manager 

Biography

Christophe completed a Master 
degree in Civil Engineering 
at Ecole Centrale de Nantes 
in 1999 after working for 
three years in a geotechnical 
consulting company designing 
foundations for various projects. 
Following his Master, he 
joined the Laboratoire Central 
des Ponts et Chaussées 
where he completed a PhD 
on geotechnical engineering 
using a 5.5 m in radius beam 

centrifuge in 2002. He joined the COFS in July 2003 and 
took the role of Centrifuge Manager, notably in charge of the 
centrifuge tests related to the industry projects.

He is a Core-member of the Geotechnical Physical Modelling 
Technical Committee of the International Society of Soil 
Mechanics and Geotechnical Engineering (ISSMGE TC2), a 
member of the Australian Geomechanics Society (AGS) and 
a member of the editorial board of the International Journal of 
Physical Modelling in Geotechnics.

Research Interests 

Christophe’s main interest is in centrifuge modeling and 
centrifuge applications for offshore geotechnics. As such, he 
has been involved in a variety of projects over the last few 
years including soil reconstitution and characterisation in the 
centrifuge, performance of shallow and deep foundations, 
pipeline-soil interaction, as well as some more specific 
problems including the interaction between pipeline and 
drag anchors and the reinstallation of spudcan near existing 
footprints. The projects he is pursuing currently include the 
feasibility and performance a suction-induced preloading 
foundation system in partnership with Keppel Offshore 
and Marine Technology and the performance of suction 
embedded plate anchors.

Key Publications

Gaudin C. O’Loughlin C.D., Randolph M.F., Lowmass A.C. 
(2006): Influence of the installation process on the behaviour 
of suction embedded plate anchors. Géotechnique, Vol. 56, 
No. 6, pp. 381-391.

Gaudin C., O’Loughlin C.D., Randolph M.F. (2006). New 
insights from model tests of foundation and anchoring 
systems in offshore geomechanics. Invited Keynote Lecture, 
Proceedings of the International Conference on Physical 
Modelling in Geotechnics, ICPMG06, 4-6 Aug., Hong-Kong, 
Vol. 1, pp. 47-62.

Garnier J., Gaudin C., Springman S.M., Culligan P.J., 
Goodings D., Konig D., Kutter B., Phillips R., Randolph M.F., 
Thorel L. (2007). Catalogue of scaling laws and similitude 
questions in centrifuge modelling. International Journal of 
Physical Modelling in Geotechnics. Vol. 7, No 3, pp. 1-24.

Lehane B.M., Gaudin C., Richards D.J., Rattley M.J. (2008): 
Rate effects on the vertical uplift capacity of footings founded 
in clay. Géotechnique, Vol. 58, No. 1, pp. 13-22.
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Dr Susan Gourvenec, Senior Lecturer  

Biography

Susan graduated from the 
University of London, UK, in 
1994 with an Honours degree 
in Civil Engineering. She then 
moved to the University of 
Southampton, UK, joining the 
Geotechnical Group and was 
awarded her PhD in 1998, 
after which she joined the 
Soils Group at the University of 
Cambridge, UK, as a Research 
Associate. Susan joined COFS 

in March 2001 as a research fellow and has established 
a research interest on shallow foundations and suction 
caissons, with particular emphasis on the effect of combined 
loading, uplift capacity and consolidation on foundation 
response. Susan was awarded the International Society 
of Soil Mechanics and Geotechnical Engineering Young 
Member Award in 2005, a quadrennial award which is given 
in recognition of achievement during the four-year period 
preceding the year of the award.

Research Interests 

Susan’s research interests include investigation of bearing 
capacity of shallow foundations under combined vertical, 
moment and horizontal (VMH) loading and developing 
failure envelopes to explicitly define ultimate limit states 
under general loading. This is of particular significance 
because conservative limit states are predicted by current 
recommended design practice. Studies have looked 
particularly at the effect of soil conditions, foundation 
geometry and embedment, the effect of foundation-
soil interface conditions and the interaction of multiple 
foundations acting in consort. 

Susan is also involved in research on longer skirted suction 
caisson foundations and has recently extended her work with 
shallowly embedded foundations to look at consolidation 
around partially embedded pipelines. Susan’s research is 
a combination of experimental and numerical work using 
the Centre’s drum and beam centrifuges and finite element 
analyses using the software ABAQUS. 

Key Publications

Gourvenec, S. (2007) Failure envelopes for offshore shallow 
foundation under general loading. Géotechnique,  57(9): 
715-727.

Gourvenec, S. (2007) Shape effects on capacity of 
rectangular footings under combined load. Géotechnique, 
57(8): 637-646.

Gourvenec, S. and Steinepreis, M. (2007) Undrained limit 
states of shallow foundations acting in consort. International 
Journal of Geomechanics, 7(3): 194-205.

Gourvenec, S., Acosta-Martinez, H.E. and Randolph, M.F. 
(2007). Centrifuge model testing of skirted foundations 
for offshore oil and gas facilities. Proc. 6th International 
Conference on Offshore Site Investigation and Geotechnics, 
Soc. Underwater Technology, London, England. pp. 479-
484.

www.cofs.uwa.edu.au
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Dr Mehrdad Kimiaei, Research 

Biography 

Mehrdad graduated from 
Civil Engineering Department, 
Isfahan University of Technology, 
Isfahan / Iran, in 1989 with BSc 
degree in Civil Engineering. 
He completed his MSc degree 
in Structural Engineering 
at Amirkabir University of 
Technology, Tehran / Iran in 
1993. Following graduation, he 
joined consulting engineering 
companies and general 
contractors, where he was 

involved in the design of offshore platforms, high rise 
buildings and industrial structures. To date, he has been 
working with international general contractors and oil-gas 
operators in design, fabrication and installation of offshore 
platforms. Since 1998, Mehrdad has also been involved in 
lecturing the short courses for professional engineers on 
structural analysis and design of offshore platforms, design of 
industrial structures and installation of offshore platforms as 
well. 

In January 1999, Mehrdad started his PhD studies at the 
Iran University of Science and Technology, Tehran / Iran, 
in the field of structural earthquake engineering. His PhD 
doctorate was concerned with the non-linear pile-soil-
structure interaction analysis of fixed offshore platforms 
subjected to seismic loadings and was successfully examined 
in January 2005. He did a part of his PhD dissertation at the 
Geotechnical Research Centre at the University of Western 
Ontario, London / Canada, in a sabbatical program on 2003.  
Mehrdad has joined COFS in April 2006 as a research 
fellow and at the present is working in the area of structural 
stability and installation of subsea platforms, ultimate strength 
analysis of jackup units and reliability analysis of fixed offshore 
platforms. He is also lecturing the analysis and design of 
fixed offshore platforms for civil and mechanical engineering 
schools at UWA.  

Research Interests 

•	 Installation	of	surface	and	subsea	offshore	facilities

•	 Pile-Soil-Structure	Interaction	analysis	for	offshore	
platforms

•	 Reliability	analysis	of	offshore	structures

•	 Sub-sea	technology

•	 Seismic	response	of	offshore	platforms

•	 Analysis	and	Design	of	offshore	facilities

Key Publications

Kimiaei, M., Khosroshahli, A., 2008, Dynamic amplification 
factors in lifting operations for installation of a subsea spool, 
Marine Operations Specialty Symposium,  MOSS2008, Paper 
No. 13, Singapore .

Kimiaei, M. Sensitivity study on nonlinear seismic response 
of offshore jackets due to different earthquake events, 26th 
Int. Conf. On Offshore Mechanics and Arctic Engineering, 
Conference Proceeding, Paper No. OMAE2007-29432, San 
Diego, USA.

El Naggar, M.H., Shayanfar, M.A., Kimiaei, M., Aghakouchak, 
A.A. 2005. Simplified BNWF model for nonlinear seismic 
response analysis of offshore piles with nonlinear input 
ground motion analysis, Canadian Geotechnical Journal, 42 
:365-380.

Kimiaei, M., Aghakouchak, A.A., Shayanfar, M.A., El Naggar, 
M.H., 2006. A practical model for nonlinear seismic response 
analysis of jacket type fixed offshore platforms, 25th Int. Conf. 
On Offshore Mechanics and Arctic Engineering, Conference 
Proceeding, Paper No. OMAE2006-92180, Hamburg, 
Germany.
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Professor Mark Randolph, Federation Fellow

Biography 

I joined UWA in 1986 after 
completing a PhD and some 
years on the staff at Cambridge 
University, and have been a 
Professor of Civil Engineering 
since 1990.  My main areas 
of research range from piled 
foundations, including the 
dynamics of pile driving and 
design of pile groups and piled 
rafts, to offshore geotechnical 
engineering.  I was the founding 
Director of the Centre for 

Offshore Foundation Systems (COFS) from 1997 to 2005 
during its 9-year life as an Australian Research Council 
Special Research Centre. I currently hold an ARC Federation 
Fellowship in COFS. 

Close contact with industry is maintained, partly through a 
specialist consultancy, Advanced Geomechanics, of which I 
am a founding Director, and partly through university contract 
research. I also serve on the geotechnical resources group of 
the American Petroleum Institute, contributing to API and ISO 
design guidelines for offshore facilities.  I am the author of the 
widely used piling software, Piglet (pile group analysis) and 
Ratz (non-linear axial analysis of single piles).

I am a Fellow of the Australian Academy of Science, 
the Australian Academy of Technological Sciences and 
Engineering, the Royal Academy of Engineering in the UK and 
of the Institution of Engineers Australia, and was the Rankine 
Lecturer for the British Geotechnical Association in 2003. 

Research Interests

My objective in research has been to use advanced numerical 
analysis and physical modelling techniques to develop 
practical solutions for a range of geotechnical problems, 
including:

•	 Anchoring	systems	(drag	and	plate	anchors,	suction	
caissons) 

•	 In	situ	testing	of	soft	sediments,	in	particular	the	use	of	full-
flow penetrometers

•	 Spudcan	penetration	resistance

•	 Pipelines,	risers	and	lateral	pile	response

•	 Submarine	slides	and	their	interaction	with	pipelines	

•	 Shallow	foundations	under	combined	vertical,	horizontal	
and moment loading 

•	 Pile	performance	in	different	soil	and	rock	types	

•	 Pile	dynamics	

•	 Piled	raft	foundations	

The physical modelling is mostly carried out on the fixed 
beam and drum centrifuges at UWA, while a particular thrust 
on the numerical modelling side is the application of Arbitrary 
Lagrangian Ealerian (ALE) techniques to large deformation 
finite element analysis.

Key Publications

Randolph, M.F. (2003). 43rd Rankine Lecture: Science and 
empiricism in pile foundation design. Géotechnique, 53(10), 
847-875.

Einav, I. and Randolph, M.F. (2005). Combining upper 
bound and strain path methods for evaluating penetration 
resistance. Int. J. Numerical Methods in Engineering, 63(14), 
1991-2016.

Randolph, M.F., Cassidy, M.J.,  Gourvenec, S. and Erbrich, 
C.J. (2005). Challenges of offshore geotechnical engineering, 
State of the Art paper. Proc. Int. Conf. on Soil Mech. and 
Found. Eng., Osaka 1, 123-176.

Randolph, M.F., Wang, D., Zhou, H., M.S. Hossain, M.S. 
and Hu, Y. (2008). Large deformation finite element analysis 
for offshore applications. Proc. 12th Int. Conf. of  Int. Assoc. 
for Comp. Methods and Advances in Geomechanics, 
IACMAG-08, Goa, India (October 2008).

www.cofs.uwa.edu.au
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Mr James Schneider, Research Associate

Biography

James completed his 
undergraduate (1997) and 
Masters (1999) degrees in 
Civil Engineering at Georgia 
Tech, USA before becoming 
an engineering consultant in 
Atlanta, GA, USA (Geosyntec), 
and California, USA (Fugro) 
from 1999 to 2003. He 
came to UWA in late 2003 to 
perform his PhD studies in Civil 
Engineering, and his thesis on 
analysis of piezocone data for 

displacement pile design was submitted in December 2007. 
He is currently a Research Associate with COFS working on 
drum centrifuge modelling of submarine landslides and their 
impact on pipelines.

Research Interests

•	 in	situ	testing	–	pressuremeter,	piezocone,	seismic	
piezocone, T-bar and ball penetrometers, flat plate 
dilatometer (DMT)

•	 foundation	design	–	application	of	in	situ	test	results	for	
shallow and deep foundation design, pile dynamics, time 
effects, factors of safety and reliability

•	 earthquake	geotechnical	engineering	–	seismic	site	
response, cyclic liquefaction triggering and consequences

Key Publications

Schneider, J.A., Xu. X., and Lehane, B.M. (2008). “Database 
assessment of CPT based design methods for axial 
capacity of driven piles in siliceous sands.” ASCE Journal of 
Geotechnical and Geoenvironmental Engineering, (in press).

Schneider, J.A., Randolph, M.F., Mayne, P.W., and Ramsey, 
N.R. (2008). “Analysis of factors influencing soil classification 
using normalized piezocone tip resistance and pore 
pressure parameters.” ASCE Journal of Geotechnical and 
Geoenvironmental Engineering. (in press).

Schneider, J.A. (2006). “Impact of offshore site investigation 
practice on reliability of axial pile design in siliceous sands.” 
31st Annual Conference on Deep Foundations, Deep 
Foundation Institute, 623-638.

Schneider, J.A., Mayne, P.W., and Rix, G.J. (2001). 
“Geotechnical site characterization in the greater Memphis 
area using cone penetration tests.” Engineering Geology, 62 
(1-3): 169-184.

Professor Boris Tarasov, Professorial Fellow

Biography

Boris graduated initially as a 
mechanical engineer with a 
particular interest in rocket 
engine technology (Russia, 
1974). Since 1976 he has been 
involved in rock mechanics. He 
spent 12 years working for the 
Geomechanical Institute, Russia, 
and the next 10 years for Mining 
University in Saint Petersburg, 
Russia. His qualification in rock 
mechanics is: PhD (1983), 
Higher Doctorate (1992). Boris 

came to Australia in 1998 to work for UWA. He joined COFS 
in 2006.  

Research Interests

Boris’s professional interest is experimental physics and rock 
mechanics, especially hard rock behaviour at conditions 
of great depth. His experimental and theoretical studies 
demonstrate that hard rocks failing at high confining pressure 
(or depth) exhibit abnormal properties contradicting generally 
accepted rock behaviour: they become extremely brittle 
and lose shear resistance within a certain range of shear 
rupture displacement. Rupture mechanisms behind these 
features allow explaining a number of paradoxes observed in 
earthquake and rockburst practice.   

Boris designed many unique testing apparatus for rock 
studies over a wide range of testing conditions. The last two 
systems designed for UWA are: i) super stiff high pressure 
triaxial testing machine; ii) innovative blast/impact simulator. 

Key Publications

Stavrogin A.N. and Tarasov B.G. (2001) Experimental physics 
and rock mechanics. Balkema, p. 356.

Tarasov, B.G. and Randolph, M.F. (2007) Frictionless shear at 
great depth and other paradoxes of hard rocks, Int. J. Rock 
Mechanics (accepted for publication).

Tarasov, B.G. (2007) Intersonic shear rupture mechanism. Int. 
J. Rock Mechanics (accepted for publication).

Tarasov, B.G. and Randolph, M.F. (2007) Paradoxical features 
of primary shear fractures and general faults, Keynote 
Address on the Fourth International Seminar on Deep and 
High Stress Mining, Perth, Australia, pp 165-182.

16



Dr Yinghui Tian, Research Associate

Biography

Yinghui obtained his Bachelor 
degree in Port Engineering 
at the Dalian University of 
Technology, China in 1998. 
After his graduation, he 
worked in the CCCC First 
Habour Consultants, Co., 
Ltd. He achieved his PhD in 
Geotechnical Engineering at 
Tianjin University in 2007. He 
had worked at COFS as an 
academic visitor for a year and 

joined the team as a Research Associate in June 2007.

Research Interests 

Yinghui’s main research interest is in offshore pipeline 
analysis, especially in Pipe-Soil interaction study. He is 
currently implementing the UWAPIPE models into FE 
programs (commercial program ABAQUS as well as in-house 
FE programs). He is also involved in an engineering project to 
carry out the analysis of the wave-structure-soil interaction. 
He has also been pursuing effective and robust numerical 
integration algorithms to FE analysis.

Key Publications

Tian, Y. and Cassidy, M. J. (2008). “Modelling of Pipe-Soil 
Interaction and Its Application in Numerical Simulation.” Int. J. 
Geom., (in press)

Yan, S., Tian, Y., Liu, R. and Wang. Z. (2006). “Analysis on 
interface shear stress of thermally insulated ocean pipelines 
under installation” China Ocean Engineering, 20(2), 315-323

Yan, S. and Tian, Y. (2006) “Analysis of pipeline damage to 
impact load by dropped objects”. Transactions of Tianjin 
University, v 12, n SUPPL., p 138-141

Dr Dong Wang, Research Fellow    

Biography 

Dong completed his BA 
in Hydraulic Engineering 
at Shandong University of 
Technology (China) in 1996, 
and PhD in Geotechnical 
Engineering at Dalian University 
of Technology (China) in 2002.  
He has worked at Dalian 
University of Technology from 
2002 to 2007.

He was appointed a Research 
Associate position at Curtin 

University of Technology from October 2003 to March 2005. 
He joined COFS in July 2007.

He has been working on the large deformation finite element 
simulation, dynamic response of seabed to waves and plate 
anchors.

Research Interests 

•	 Large	deformation	finite	element	analysis

•	 Behaviour	of	plate	anchors	and	pipeline

•	 Slope	stability

Key Publications

Wang, D., Nian, T. and Chen, Y., 2007. Three problems in 
slope stability analyses with finite element method. Rock and 
Soil Mechanics, 28(11), 2309-2313

Wang, D., Hu, Y. and Song, Z., 2007. Large deformation 
analysis of rectangular plate anchors in normally consolidated 
clay. Proceedings of 10th Australia New Zealand Conference 
on Geomechanics, Brisbane, Australia, 268-273

Wang, D. and Jin, X., 2006. Finite element analysis of laterally 
loaded suction caisson in anisotropic clay. China Ocean 
Engineering, 20(4), 665-672

Wang, D., Hu, Y. and Jin, X., 2006. Two-dimensional large 
deformation finite element analysis for the pulling-up of plate 
anchor. China Ocean Engineering, 20(2), 269-279

www.cofs.uwa.edu.au
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Professor Dave White, Professorial Fellow    

Biography

Dave completed his 
undergraduate (BA, MEng, 
1998) and postgraduate 
(PhD, 2002) degrees at the 
University of Cambridge, and 
was appointed to a Research 
Fellowship at St John’s 
College in 2001 followed by a 
Lectureship in Cambridge in 
2003.

His primary area of research 
is foundation engineering 

(focussing recently on pipeline-seabed interaction), and he 
has particular interests in image analysis and centrifuge 
modelling. The geotechnical PIV image analysis software 
developed by Dave and A/Prof. Andy Take (Queen’s 
University, Canada) is used at more than 40 research 
institutes worldwide.

Dave has authored >80 publications during the past 
eight years. His papers have won the Bishop Medal, the 
Telford Premium and the BGA Prize (twice). He is active in 
engineering practice, undertaking consultancy related to 
foundations and pipelines for the offshore industry.

He serves on the editorial board of two journals and two 
ISO/API drafting committees (related to jack-up foundations 
and pipelines). He is Secretary of the ISSMGE’s Technical 
Committee 2 (Geotechnical Physical Modelling).

Dave has been a regular visitor to COFS since 2003 and 
was appointed as a Senior Lecturer in 2006 and was then 
promoted to Professorial Fellow in December 2007.

Research Interests 

Pipelines: pipe-soil interaction, low stress soil mechanics, 
interaction with submarine slides

Piled foundations: CPT-based design methods, jacked piles

Shallow foundations: failure mechanisms, simplified design 
methods

Centrifuge modelling: image analysis tools, project-specific 
testing

Key Publications 

White D.J. & Bolton M.D. 2004. Displacement and strain 
paths during pile installation in sand. Géotechnique 
54(6):375-398 [Awarded the BGA Prize]

White D.J. & Lehane B.M. 2004. Friction fatigue on 
displacement piles in sand. Géotechnique 54(10):645-658 
[Awarded the Bishop Medal]

White D.J., Take W.A. & Bolton M.D. 2003. Soil deformation 
measurement using Particle Image Velocimetry (PIV) and 
photogrammetry. Géotechnique 53(7):619-631
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Hugo E. Acosta-Martinez, PhD Student 

Biography 

Hugo obtained a B.Eng. (Hons) 
degree in Civil Engineering 
from the National University 
of Colombia (1994). Since 
1992 he joined the specialized 
geotechnical engineering 
consulting firm IGL. He 
occupied several posts in 
the company and carried 
out projects related to soil 
mechanics and foundation 
engineering (for buildings, 

bridges, oil and gas industrial facilities and docks), pipelines, 
landslide risk assessment and slope stability analysis.

He has taken several periods of leave from industry to 
continue his academic studies. In 2001 Hugo moved to 
Japan were he obtained a Master of Engineering degree at 
the University of Tokyo (2003), working at the Geotechnical 
Engineering Laboratory under supervision of Professor Fumio 
Tatsuoka. He has also interests in teaching and has been 
Lecturer at National University of Colombia (1998) and at 
University of Sinu (2004/05). Between 2004/05 he was the 
Secretary of the Colombian Geotechnical Society.

Hugo enrolled as a PhD student at COFS in May 2005. 
During 2006 he participated in the award-winning 
Postgraduate Teaching Internship program at UWA.

Research Interests 

The topic of Hugo’s PhD research is related to the behaviour 
of shallow skirted foundations under transient and sustained 
uplift loading, with application to fixed or floating structures. 
The project involves physical modelling with the UWA beam 
centrifuge and fully coupled 3-D finite element analyses.

From his experience in industry projects Hugo also has 
interests in: engineering behaviour of soft soils related to 
performance of geotechnical structures, design of pile 
foundations for mountainous and seismic regions, design 
of earth retaining structures and deep excavations in soft 
soils and landslide risk assessment. He is also involved in 
the development of the new geotechnical seismic code for 
Colombia (reliability and limit states design sections).

Key Publications

Gourvenec, S., Acosta-Martinez, H.E. and Randolph, M.F. 
(2007). “Experimental study of uplift resistance of skirted 
foundations in clay under transient and sustained loading” 
Géotechnique. (submitted)

Acosta-Martínez, H.E. and Gourvenec, S.M. (2008) “An 
experimental investigation of a shallow skirted foundation 
under compression and tension”, Soils and Foundations, 
(accepted).

Acosta-Martínez, H.E. and Gourvenec, S.M. (2008). 
Response of skirted foundations for buoyant facilities 
subjected to cyclic uplift loading. Proc ISOPE-2008 – The 
18th Intl Offshore and Polar Engineering Conference, 
Vancouver.

Gourvenec, S., Acosta-Martinez, H. and Randolph, M. 
(2007). Centrifuge model testing of skirted foundations for 
offshore oil and gas facilities. Proc. 6th Intl. Offshore Site 
Investigation and Geotechnics Conference: Confronting New 
Challenges and Sharing Knowledge, Society for Underwater 
Technology, pp. 479-484, London.

www.cofs.uwa.edu.au
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Matt Hodder, PhD Student 

Biography 

Matt graduated from the 
University of Queensland 
in 2003 with a Bachelor of 
Engineering (Civil) degree. 
Between December 2002 
and February 2003 Matt 
visited COFS on a vacation 
scholarship. Upon completion 
of his undergraduate degree 
in December 2003, he began 
working with Kellogg Brown 
& Root (KBR) in Brisbane as 

a structural engineer. During his time with KBR he worked 
on a variety on infrastructure projects such as the design 
verification of the Eleanor Schonell Bridge in Brisbane, 
modelling and design of a 485m clear span suspension 
bridge to carry an oil pipeline in the highlands of Papua 
New Guinea and analysis of an LNG wharf in Darwin. Matt 
remained with KBR until January 2006, when he was 
awarded a university postgraduate award from UWA and 
commenced a PhD with COFS under the supervision of Prof. 
Mark Cassidy.

Research Interests 

The title of Matt’s PhD topic is Touchdown region behaviour 
of deepwater risers. The project focuses on investigating 
the interaction between a riser pipe and the seabed in 
the touchdown region of a steel catenary riser (SCR). The 
predicted fatigue life of an SCR is heavily dependant on the 
boundary conditions assumed on the seabed and, therefore, 
the aim is to develop pipe-soil interaction relationships that 
provide a more accurate description of the behaviour than the 
linear spring models typically used in the industry at present.

Key Publications

Hodder, M.S., Cassidy, M.J. and Barrett, D. (2008). 
Undrained response of shallow pipelines subjected to 
combined loading. Proc. 2nd Int. Conf. on Foundations 
ICOF2008. (accepted).

Hodder, M.S., White, D.J. and Cassidy, M.J. (2008). 
Centrifuge modelling of riser-soil stiffness degradation in the 
touchdown zone of a steel catenary riser. Proc. Int. Conf. on 
Offshore Mechanics and Arctic Engineering (accepted).

Muhammad Shazzad Hossain, PhD Student

Biography 

Shazzad completed his 
Bachelor of Science in 
Engineering (Civil) from 
Chittagong University of 
Engineering and Technology, 
Bangladesh, in 1999. He 
placed as first class first with 
Honors and secured the highest 
cumulative grade point average 
among all the recipients of 
Bachelor’s degrees in that 
session. Following graduation he 

joined in the same University as a Lecturer and served for two 
years. In March 2002, Shazzad moved to Curtin University 
of Technology, Australia, for a Master of Engineering (Civil) by 
research and completed successfully in June 2004. Then he 
continued their as a Research Associate before launching his 
PhD at COFS in March 2005.

Awards

•		2007-2008	Offshore	Mechanics	Scholarship	awarded	by	
the International Society of Offshore and Polar Engineers 
(ISOPE)

•		Géotechnique	(Vol.	55,	No.	9,	679-690)	paper	has	been	
awarded the ‘2005 BGA Prize’ for the best paper authored 
by a member of the BGA (British Geotechnical Association) 
and currently included in the ISO guidelines

•		OTC	17770	paper	was	judged	the	runner-up	paper	within	
the civil engineering discipline for 2006

•		‘Institute	Gold	Medal’	awarded	by	the	Prime	Minister,	The	
People’s Republic of Bangladesh 

Research Interests 

Shazzad’s research focuses on experimental and numerical 
investigations of the performance of spudcans – foundations 
for mobile offshore drilling rigs. He concentrates on the 
development of new mechanism-based design approaches 
for spudcan foundations on clays. Specific areas of interest 
include:

•	 Stability	of	spudcan	foundations	on	non-homogeneous	
clays

•	 Punch-through	potential	for	spudcan	foundations	on	
layered (stiff-over-soft) clays

•	 Modelling	real	soil	behaviour	accounting	for	strain-rate	and	
strain-softening effects 

•	 Large	deformation	finite	element	analysis

•	 Centrifuge	modelling.

20



Key Publications

Hossain, M. S., Hu, Y., Randolph, M. F. & White, D. J. (2005). 
Limiting cavity depth for spudcan foundations penetrating 
clay. Géotechnique 55, No. 9, 679-690.

Hossain, M. S., Randolph, M. F., Hu, Y. & White, D. J. (2006). 
Cavity stability and bearing capacity of spudcan foundations 
on clay. Proceedings Offshore Technology Conference, 
Houston, OTC 17770.

Hossain, M. S. & Randolph, M. F. (2007). Investigating 
potential for punch-through for spudcan foundations on 
layered clays. Proceedings 17th International Offshore and 
Polar Engineering Conference, Lisbon II, 1510-1517.

Hossain, M. S., Hu, Y., Randolph, M. F. & White, D. J. 
(2005). Punch-through of spudcan foundations in two-layer 
clay. Proceedings International Symposium on Frontiers in 
Offshore Geotechnics (ISFOG), Perth, pp. 535-541.

Kok Kuen Lee, PhD Student 

Biography 

Kok Kuen graduated from the 
University of Malaya in 1999 
with a B.Eng. (Hons) degree in 
Civil Engineering.  From October 
1999 to September 2005, he 
worked at G&P Geotechnics 
S/B, a geotechnical engineering 
consultancy firm in Kuala 
Lumpur, Malaysia.  His 
working experience includes 
planning and supervising site 
investigation works, designing 

various foundation systems, planning and designing hill-site 
development and solving geotechnical construction problems 
at site.  Kok Kuen joined COFS as a PhD student in January 
2006. 

Research Interests 

Kok Kuen is investigating the potential spudcan punch-
through failure on sand overlying clay soils under the 
supervision of Professor Mark Cassidy and Professor Mark 
Randolph. His research consists of physical modelling using 
the UWA beam and drum centrifuges, finite element analyses 
using PLAXIS to simulate and verify the experimental results 
and developing a conceptual model for the punch-through 
mechanism on sand overlying clay soils.  To enhance the 
prediction of the punch-through load at field, the research 
also aims to establish the relationship between the 
penetration profiles of the site investigation ball penetrometer 
and the spudcan penetration profiles.

www.cofs.uwa.edu.au
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An-Jui Li, PhD Student

Biography 

An-Jui completed a Bachelor in 
Construction Engineering (1st 
class honours) at the National 
Taiwan University of Science 
and Technology (Taipei) in 2002. 
During the undergraduate 
studies he obtained the 
Scholarship of excellent 
performance (2000-2001) and 
Zeng Yang Fu Scholarship 
(2001). His final year project was 
awarded the 1st runner up of 

the special topic competition.

From 2002 to 2004, An-Jui studied Master in Construction 
Engineering at the National Taiwan University of Science and 
Technology, and was awarded the Scholarship of excellent 
performance (2002-2003). At that time, his research interest 
was focused on deep excavation.

After graduation, An-Jui worked as a project engineer in 
geotechnical and structural consulting for 1 year. 
In September 2005, he started his PhD studies regarding 
slope stability of soil and rock under the supervision of Dr 
Richard Merifield.

Research Interests 

An-Jui's PhD study is concerned with the slope stability 
problem by using numerical simulations. The research project 
concentrate on the development of chart solutions for general 
soil and rock slopes. Specific areas of interest include:

•	 Slope	Stability	of	soil	and	rock

•	 Limit	analysis

•	 Soil-structure	interaction

•	 Numerical	simulation

•	 Deep	excavations	and	soft	ground	tunnels

Key Publications

Li, A.J., Merifield, R.S., Lyamin, A.V. (2007). Stability charts 
for rock slopes based on the Hoek-Brown failure criterion. 
International Journal of Rock Mechanics & Mining Sciences, 
Doi:10.1016/j.ijrmms.2007.08.010.

Li, A.J., Lyamin, A.V., Merifield, R.S. (2008). Seismic 
rock slope stability charts based on limit analysis 
methods. Computers and Geotechnics, Doi:10.1016/j.
compgeo.2008.01.004.

Li, A.J., Merifield, R.S. (2007). Stability Rock slope stability 
assessment based on limit analysis. International Symposium 
on rock slope stability in open pit mining and civil engineering, 
Perth. pp. 527-532

Li, A. J., (2004), Three-Dimensional Analysis of Diaphragm 
Wall Construction in Soft Clay, MSc thesis, National Taiwan 
University of Science and Technology, Taiwan. (in Chinese).
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Han Eng Low, PhD Student 

Biography 

Han Eng obtained his Bachelor 
of Engineering from University 
of Technology, Malaysia in 
2001.  He then pursued his 
postgraduate studies, under 
the supervision of Associate 
Professor Phoon Kok Kwang, 
at the National University of 
Singapore where he graduated 
with his Master of Engineering in 
2004.  Subsequently, he joined 
G&P Geotechnics S/B (formerly 

known as Gue and Partners S/B), a geotechnical consulting 
firm in Malaysia as a geotechnical engineer for a year, before 
joining COFS as a Academic Visitor in April 2005.  In October 
2005, he was awarded the International Postgraduate 
Research Scholarship and enrolled as a PhD student at 
The University of Western Australia in January 2006.  He is 
currently doing research on the application of penetrometers 
in deep water soft soil characterization under the supervision 
of Professor Mark F. Randolph.  

Research Interests 

•	 In	situ	testing

•	 Laboratory	elementary	soil	testing

•	 Physical	and	numerical	modelling

His PhD study focuses on the application of penetrometers 
in deep water soft soil characterisation, particularly for the 
determination of undisturbed and remoulded undrained 
shear strength and consolidation parameters.  The research 
involves in-situ testing, laboratory elementary soil testing, 
geotechnical centrifuge testing and large deformation finite 
element analyses.

Key Publications

Low, H.E., Randolph, M.F. & Kelleher, P.  2007.  Comparison 
of Pore Pressure Generation and Dissipation Rates from 
Cone and Ball Penetrometer.  In Proceedings of the 6th 
International Offshore Site Investigation and Geotechnics 
Conference: Confronting New Challenges and Sharing 
Knowledge, 11-13 September, London, UK, pp: 547-556

Randolph, M.F., Low, H.E. & Zhou H.  2007.  Keynote 
Paper: In Situ Testing for Design of Pipeline and Anchoring 
Systems.  In Proceedings of the 6th International Offshore 
Site Investigation and Geotechnics Conference: Confronting 
New Challenges and Sharing Knowledge, 11-13 September, 
London, UK, pp: 251-262

Low, H.E., Randolph, M.F., DeJong, J.T. & Yafrate, N.J.  
2008.  Variable Rate Full-Flow Penetration Tests in Intact 
and Remoulded Soil.  Paper accepted to be published in 
the Proceedings of the 3rd International Conference on 
Geotechnical & Geophysical Site Characterization, 1-4 April, 
Taipei.

Low, H.E., Randolph, M.F., Rutherford, C.J., Bernard, B.B. 
& Brooks, J.M.  2008.  Characterisation of Near Seabed 
Surface Sediments.  Paper accepted for 2008 Offshore 
Technology Conference, Houston, USA
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Khader Rammah, Phd Student 

Biography

Khader completed a Bachelor 
degree in Civil Engineering at 
Birzeit University in Palestine 
in 1997, majoring in Structures 
& Construction Management. 
He joined the Arab Centre for 
Engineering Studies (ACES) – 
Ramallah branch – Palestine, as 
Geotechnical Engineer for the 
years 1998 - 2000. In October 
2000, he enrolled at Technion 
(Israel Institute of Technology) 

in Haifa, Israel, as a MSc Student at the Geotechnical 
Department. At Technion, he was awarded a full scholarship 
with Teaching Assistantship. His Master research topic was 
“Effect of Ageing on the Behaviour of Overconsolidated 
Clay”. He obtained the Degree of Master of Science in Civil 
Engineering – Geotechnology in June 2003. He joined 
COFS in August 2003 as an Academic Visitor. He enrolled 
as a PhD student in February 2004, and completed his PhD 
in February 2008. 

Research Interests

Khader’s research interests include soil characterisation 
using static and dynamic small-strain measurements; elastic 
waves measurements as a tool for soil characterisation. In 
his PhD research, Khader developed a Seismic Tomography 
(ST) system for use on a geotechnical centrifuge.  The 
main aim of his research was to develop a high-resolution 
ST system for the beam centrifuge at the University of 
Western Australia (UWA) by which the shear wave velocity 
and hence maximum shear modulus could be determined 
anywhere in the centrifuge model. The ST system included: 
a large number of miniature bender element for sending 
and receiving shear waves through the soil model; and 
hardware and software for sending and acquiring the shear 
waves during the centrifuge tests. Both linear and nonlinear 
inversion of travel-time data gathered from centrifuge tests 
were applied in Khader’s research. 

Key Publications

Rammah, K. I., Ismail, M. A., and Fahey, M. (2006). 
“Development of a centrifuge seismic tomography system 
at UWA.” International Conference on Physical Modelling in 
Geotechnics - 6th ICPMG, Hong Kong. pp. 229-234.

Ismail, M. A., and Rammah, K. I. (2006). “A new setup for 
measuring Go during laboratory compaction.” Geotechnical 
Testing Journal, 29(4), 280-288.

Ismail, M. A. and Rammah, K. I. (2005): “Shear- plate 
transducers as a possible alternative to bender elements for 
measuring Gmax”. Geotechnique 55, No.5, 403-407. 

Rammah, K. I., Val, D. V. & Puzrin, A. M. (2004): “Effects of 
Ageing on small-strain stiffness of overconsolidated clays”. 
Geotechnique 54, No.5, 319-322. 
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Mark Richardson, PhD Student

Biography

Mark completed undergraduate 
degrees in Civil Engineering 
and Corporate Finance at the 
University of Western Australia 
in 2003. In the final year of 
his undergraduate degree he 
undertook his honour’s research 
on Deep Penetrating Anchors. In 
2004 Mark started a PhD at the 
Centre for Offshore Foundation 
Systems, focusing on centrifuge 
modeling of dynamically 
installed anchors.

Research Interests 

Mark’s research has primarily concerned physical modelling 
of dynamically installed anchors in the centrifuge. Being such 
a novel anchoring concept, the research objectives were 
quite wide ranging, including: 

Quantifying strain rate effects on soil shear strength during 
dynamic installation.

Investigating the influence of anchor geometry on penetration 
and holding capacity performance.

Influence of post-installation consolidation on dynamic anchor 
holding capacity.

Performance of dynamic anchors under vertical cyclic and 
sustained loading.

Key Publications

Richardson, M.D., O’Loughlin, C.D., Randolph, M.F. & 
Gaudin, C. (2007) Setup following installation of dynamic 
anchors in normally consolidated clay, ASCE Journal of 
Geotechnical & Geoenvironmental Engineering (submitted 
August 2007).

Richardson, M.D., O’Loughlin, C.D., Randolph, M.F. & 
Cunningham, T.J. (2006) Drum centrifuge modelling of 
Dynamically Penetrating Anchors, Proc. 6th International 
Conference on Physical Modelling in Geotechnics, 4-6 
August 2006, Hong Kong, Vol. 1, pp. 673-678.

Richardson, M.D., O’Loughlin, C.D. and Randolph, M.F. 
(2005) The geotechnical performance of Deep Penetrating 
Anchors in calcareous sand, Proc. International Symposium 
on Frontiers in Offshore Geotechnics, 19-21 September 
2005, Perth, Australia, pp. 357-363.

O’Loughlin, C.D., Randolph, M.F. and Richardson, M.D. 
(2004) Experimental and Theoretical Studies of Deep 
Penetrating Anchors, Proc. Offshore Technology Conference, 
3-6 May 2004, Houston, USA.
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Marc Senders, PhD Student   

Biography 

Marc graduated from Delft 
University, The Netherlands, in 
1996 with a Masters degree 
in Civil Engineering. He then 
joined Fugro Engineers 
B.V. in Leidschendam, The 
Netherlands, where he gained 
eight years experience in 
geotechnical consulting for 
many offshore projects and 
several near-shore and onshore 
projects. He was a key member 

in a research project to develop a new method for open 
ended pipe piles (CUR committee C118), which included 
implementation of Euripides and Ras Tanajib Pile Load Test 
results. Offshore he has performed and supervised various 
in situ tests, as well as drilling and sampling, for offshore 
site investigations in soil and rock under a variety of different 
geologic conditions at sites across the world. Since October 
2007 he works as a senior geotechnical engineer at the 
Australian oil and gas company Woodside.

Research Interests 

Marc joined COFS in February 2004 as a PhD student and 
is working on a foundation type for offshore wind turbines 
consisting of suction caissons beneath a tripod. Behaviour 
of this foundation is investigated by means of numerical 
analyses and centrifuge testing. Results of his research 
include prediction methods for the behaviour of these 
foundations during installation, pull out and cyclic loading.

General research interests lie in the following areas:

•	 Suction	caissons;

•	 Pile	foundations;

•	 Centrifuge	modelling	of	offshore	foundations;

•	 Numerical	analysis;

•	 Practical	solutions	useable	for	industry.

Key Publications

Senders, M., Gaudin, C. & Randolph, M. F. (2007) “Theory for 
the installation of suction caissons in sand overlaid by clay”, 
Proceedings of the 6th International Conference of Offshore 
Site Investigation and Geotechnics, 11-13 Sept., London

Senders, M., Gaudin, C. & Randolph, M. F. (2006) Centrifuge 
test set up for installation and cyclic loading of suction 
caissons in sand. International Conference on Physical 
Modelling in Geotechnics. Hong Kong.

Kolk, H.J., Baaijens, A. & Senders, M. (2005), “Design criteria 
for pipe piles in silica sands”, Proc. International Symposium 
‘Frontiers in Offshore Geotechnics’, Balkema, Perth, Australia, 
pp.711-716.

Senders, M. and Kay, S. (2002), “Geotechnical Suction Pile 
Anchor Design in Deep Water Soft Clays”, Proc. 7th Annual 
Conference, Deepwater Risers, Moorings and Anchorings”, 
IBC, London, U.K., 50 pp.

26



Hodjat Shiri, PhD Student 

Biography 

Hodjat started Petrochemical 
Engineering in Sharif University 
of Technology, Tehran/Iran in 
1993 but changed the course 
to Civil Engineering in 1994 
transferring to Urmia University, 
his home town university and 
then graduated from Civil 
Engineering Department, 
Urmia University, Iran, in 
1997 with BSc degree in 
Civil Engineering. After a 

year working on construction of infrastructural industrial 
plants, he started his Master Degree, MSc in Geotechnical 
Engineering at Shahid Chamran University of Ahvaz Iran. 
Then he joined international general contractors and oil-gas 
operators in 1997, where he was involved in fabrication, 
load-out, transportation and offshore installation of jackets, 
topsides, bridges, pipelines, cables, floating facilities, sub-sea 
manifolds, concrete culverts and coastal construction works 
as field engineer, project engineer, project coordinator and 
project manager. 

In February 2006, Hodjat joined COFS as Academic Visitor to 
work on performance of drag embedment anchors with Prof. 
Mark Randolph. In February 2007 he was awarded an ad hoc 
scholarship and enrolled as PhD student of COFS. Under the 
supervision of Prof. Mark Randolph and Prof. Mark Cassidy  
he is working on numerical modelling of Fluid-Soil-Structure 
Interaction of Steel Catenary Risers (SCRs) concentrating on 
SCRs’ Fatigue Life at touch down zone.

Research Interests 

Hodjat’s research interests include analytical and experimental 
studies of the performance of offshore structures. He 
concentrates on the development of fluid-structure-soil 
interaction models. Specific areas of interest include:

•	 Fluid-Soil-Structure	Interaction	

•	 Seismic	response	of	steel	catenary	risers	at	touch	down	
area subjected to ocean loads

•	 Offshore	mooring	technologies

•	 Drag	embedment	anchors

•	 Finite	Element	Modelling

•	 Geotechnical	Centrifuge	model	testing

•	 Offshore	installation	of	fixed	and	floating	structures

•	 Geosynthetics	reinforced	systems/retaining	walls

Key Publications

H.Shiri, S.J.Razavi “Review of the seismic design of  
KARA-KLISA weight dams ” JWSRS Forum in Watershed 
Engineering, Urmia, 1999, IRAN.

H.Shiri, M.Pashnehtala “A Geothechnical Data Base 
Development and Applying Data Mining Techniques to Extract 
the Common Trends of offshore Geotechnical properties 
of South Pars gas Field, Persian Gulf”, 10th International 
conference on numerical modelling in civil engineering, 
Montreal, Canada, 2006.

H.Shiri, GJ, B.Molaei “Inaccurate Interpretation of offshore 
Geotechnical Site Investigation Results and risk associated”, 
10th International Conference on Piling and Foundation, 
Amsterdam 2006.
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Shinji Taenaka, PhD Student 

Biography 

Shinji completed undergraduate 
(1996) and Master (1998) 
degrees in Civil Engineering at 
the Kyoto University, Japan, 
where he carried out wave 
response analysis for a very 
large floating structure under 
impact loading and in a weak 
current. Subsequently, he joined 
Nippon Steel Corporation (NSC), 
the world’s second-largest steel 
producer. From 1998 to 2001, 

he worked as a project civil engineer for steel making plants 
and electrical power plants. Then he moved to the research 
section of NSC. One of his achievements is the successful 
development of new sheet piles, which are now commercially 
available and protected by his several patents. Shinji joined 
COFS as a PhD student in January 2007.

Research Interests 

Shinji’s research interests are in the geotechnical studies 
of the performance of foundations, including not only 
shallow and deep foundations but also retaining walls 
and product development for these structures, although 
his interest previously focused on hydrodynamic effect on 
elastic behaviour of floating structures. In his PhD work, 
Shinji is investigating the performance of different shaped 
piles in sand under supervision of Professor Dave White 
and Professor Mark Randolph. The target is to optimize the 
design of steel piles, and composite steel pile foundations, 
by enhancing the performance thorough modifications of the 
cross-section geometry.  

Key Publications

Taenaka, S., Otani, j. & Sato, T. (2007). Characterization of 
vertical bearing capacity of sheet-piles. JSCE Journal of 
Geotechnical and Geoenvironmental Engineering, Vol. 63, 
No. 1, pp.285-298. (in Japanese)

Taenaka, S., White D.J., Randolph, M.F., Nakayama, H. & 
Nishiumi, K. (2008). A study of the effect of cross-sectional 
shape on the bearing capacity of sheet piles in sand. Proc. 
BGA International Conference on Foundations, Dundee, 
Scotland (accepted).

Hongjie Zhou, PhD Student

Biography

Hongjie obtained a Bachelor 
degree in Civil Engineering 
in 2001 and then Master in 
Geotechnical Engineering 
in 2004, both from Tianjin 
University in China. Following 
graduation, he joined COFS 
in July 2004 as an Academic 
Visitor. In January 2006, he 
was enrolled as a PhD student 
at The University of Western 
Australia, and awarded the 

International Postgraduate Research Scholarship.

Research Interests

Under the supervision of Professor Mark Randolph, Hongjie’s 
PhD study focuses on numerical study of geotechnical 
penetration problems for offshore applications, adopting 
a large deformation finite element method.  This research 
covers suction caisson foundations, full-flow penetrometers 
(cylindrical T-bar and spherical Ball), and shallow embedment 
of a cylindrical object (submarine pipeline) into the seabed. 
These issues are commonly characterised by large vertical 
movements of structural elements relative to the seabed, 
which necessitates the use of the large deformation 
technique. This approach is able to model relative motion 
between the penetrating objects and the soil, which is critical 
for evaluating soil heave inside the caissons, the effect of 
penetration-induced remoulding on the resistance of full-flow 
penetrometers, and influence of soil surface heave on the 
embedment of pipelines.

Key Publications

Zhou, H. and Randolph, M. F. (2006). Large Deformation 
Analysis of Suction Caisson Installation in Clay. Canadian 
Geotechnical Journal 43(12), 1344-1357.

Zhou, H. and Randolph, M. F. (2007). Computational 
Techniques and Shear Band Development for Cylindrical 
and Spherical Penetrometers in Strain-Softening Clay. 
International Journal of Geomechanics 7(4), 287-295.

Zhou, H., Randolph, M. F., and Andersen, K. H. 
(2007). Numerical investigations into cycling of full-flow 
penetrometers in soft clay. Géotechnique, (Submitted).

Zhou, H., White D. and Randolph, M. F. (2008). Physical 
and Numerical Simulation of Shallow Penetration of a 
Cylindrical Object into Soft Clay. Proc. GeoCongress 2008: 
The Challenge of Sustainability in the Geoenvironment, New 
Orleans, Louisiana, USA.

28



Norwegian Geotechnical Institute (NGI), Norway

Mark Randolph continued his collaboration with the 
Norwegian Geotechnical Institute (NGI) through a joint 
industry project on Shear Strength Parameters Determined 
by In Situ Tests for Deep Water Soft Soils, which has now 
been completed. The project was managed by Tom Lunne 
(NGI) and followed on from a previous project focusing on 
T-bar and ball full-flow penetrometers. The project was 
sponsored by eight oil and gas companies, and seven 
offshore site investigation contractors, and comprised both 
experimental and numerical investigations. A database of in 
situ and laboratory site investigation data was assembled, 
with careful scrutiny of data quality. Empirical correlations 
between different types of penetrometers and between 
penetration resistance and laboratory shear strengths have 
been proposed and will form the basis of publications in the 
coming year. Numerical (finite element) studies of T-bar and 
ball penetration through soil were carried out in parallel by 
NGI (Knut Andersen) and COFS. Within COFS, the project 
supported the PhD studies of Han Eng Low and Hongjie 
Zhou, with further details provided in the research section of 
this report. Han Eng Low had the opportunity to work at NGI 
during the project. 

Zhou, H., Randolph, M.F. and Andersen, K.H. (2008). 
Numerical investigations into cycling of full-flow 
penetrometers in soft clay. Géotechnique (submitted 
November 2007). 

Other joint COFS/NGI publications: Cassidy, M.J., Uzielli, M. 
and Lacasse, S. (2008). Probability risk assessment of a land 
slide: A case study at Finneidfjord. Canadian Geotechnical 
Journal, In press.

 
 

Han Eng at NGI

Tom Lunne and Han Eng

www.cofs.uwa.edu.au
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University of California, Davis

Mark Randolph and PhD student Han Eng Low continued 
their collaboration with Assoc. Prof. Jason DeJong 
and graduate student Nicholas Yafrate of University of 
California, Davis (UC Davis) on the piezoball penetrometer.  A 
ball penetrometer that is capable of measuring pore pressure 
at the mid-height, the tip and between tip and mid-height 
of the ball (piezoball) has been designed and fabricated at 
UC Davis.  The effect of penetration rate on penetration 
resistance in intact and remoulded soil was investigated 
during some preliminary piezoball tests and variable rate 
penetration tests at the Burswood site during a visit by 
Jason and Nick to COFS. The results are published in two 
upcoming conference papers.

DeJong, J.T., Yafrate, N.J. and Randolph, M.F. (2008). Use of 
pore pressure measurements in a ball full-flow penetrometer. 
Proc. 3rd Int. Conf. on Site Characterization, Taipei (April 
2008).

Low, H.E., Randolph, M.F., DeJong, J.T. and Yafrate, N.J. 
(2008). Variable rate full-flow penetration tests in intact and 
remoulded soil. Proc. 3rd Int. Conf. on Site Characterization, 
Taipei (April 2008).

 

Dr Mellisa Landon cooking up a storm in the COFS 
laboratory

University of Massachusetts, University of 
California, Davis, Northeastern University and 
Tufts University, USA

Mark Randolph and Mark Cassidy continued their 
collaboration with Assoc. Prof. Don DeGroot, Assoc. Prof. 
Jason DeJong, Assoc. Prof. Tom Sheahan and Assist. 
Prof. Laurie Baise on a 5-year NSF-funded collaboration 
‘Developing International Protocols for Offshore Sediments 
and their Role in Geohazards: Characterization, Assessment, 
and Mitigation’. The collaboration has led to various visitors 
to COFS in 2007, including Dr Melissa Landon from the 
University of Massachusetts, Amherst, postgraduate student 
Robert Jaeger from the University of California, Davis 
and undergraduate Damian Schmalz from Northeastern 
University.  Also COFS PhD student Han Eng Low’s 
exchange at UMass is leading to a forthcoming co-authored 
paper with Don. 
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TDI Brooks International, USA

Mark Randolph continued the collaboration between 
COFS and TDI Brooks International to develop the manually 
operated T-bar and ball penetrometer (known as the DMS). 
The DMS was developed under contract with TDI Brooks 
International for the determination of strength parameters in 
box-core samples. The device is free-standing but able to 
download test data to a computer via a USB connection.  
Penetration is measured by a digital springloaded wire 
potentiometer and the device provides visual and audible 
feedback to the operator to facilitate maintenance of a 
pre-assigned penetration rate. Interchangeable T-bar and 
ball penetrometers are attached to a load cell at the tip of 
the shaft.  The inspiration for the device has come from 
experience in many offshore locations of a slight crust in the 
upper 0.5 m of the seabed, where biological activity leads to 
increased strength in a relatively narrow layer.  The DMS was 
used by PhD student Han Eng Low in a joint industry project 
with NGI (see above), carrying out tests in reconstituted 
Burswood clay samples and comparing the results with 
strength data obtained from miniature vane shear, triaxial and 
simple shear tests. These tests simulated possible methods 
to evaluate the strength of shallow box-core samples and 
the interpretation of T-bar and ball penetration tests near the 
surface. The DMS was used for the first time by Han Eng in 
an offshore site investigation cruise operated by TDI Brooks 
International on Justo Seira in the Gulf of Mexico.  Han Eng 
performed a number of DMS T-bar tests and miniature vane 
shear tests in soil samples recovered by box corer during 
the offshore site investigation cruise. The outcome of this 
testing program shows the good potential of the DMS for soil 
strength profiling in offshore box core samples (near seabed 
sediments).  The results obtained from this site investigation 
study are published in a upcoming conference paper.  

Low, H.E., Randolph, M.F., Rutherford, C.J., Bernard, B.B. 
and Brooks, J.M. (2008). Characterization of near seabed 
surface sediment. Proc. Offshore Technology Conf., Houston, 
Paper OTC 19149.  
 
   

Offshore research vessel - Justo Seira

Performing DMS T-bar test in the box core sample
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Pennsylvania State University, USA

Mark Randolph hosted visitors Professor Derek 
Elsworth, postgraduate student, Michael Fitzgerald 
and undergraduate, Craig Plante, all from Penn State 
University, as part of an NSF-funded project on ‘Permeability 
Measurements from Routine On-the-fly CPT Sounding: 
Validation Against High-Quality Vis-CPT and In Situ 
Permeability Measurements’. Together with Han Eng Low, 
Michael and Craig carried out laboratory tests to characterise 
different sand-clay mixes, prior to conducting centrifuge tests 
using a small 10 mm diameter piezocone, complete with 
friction sleeve.  The visits also initiated ongoing collaboration 
over the development of moving boundary solutions 
for modelling penetration resistance and pore pressure 
development during partially drained penetrometer testing.

Aalborg University and 
Technical University of Denmark, Denmark 

Mark Randolph worked with visiting industrial PhD student, 
Christian LeBlanc, on constitutive models for analysing the 
response of piezocone tests in silty soils. The study is part of 
a broader project on the design of foundations for offshore 
wind turbines, in conjunction with Christian’s employer, 
DONG Energy. The visit resulted in a joint paper to the 
forthcoming IACMAG conference.

LeBlanc, C. and Randolph, M.F. (2008). Interpretation of 
piezocones in silt, using cavity expansion and critical state 
methods. Proc. 12th Int. Conf. of  Int. Assoc. for Comp. 
Methods and Advances in Geomechanics, IACMAG-08, Goa, 
India (October 2008).

Mark Randolph in collaboration mode with Orcina

Orcina Ltd, Ulverston, UK

Mark Randolph initiated a collaboration with Orcina Ltd, 
the company responsible for OrcaFlex, one of the leading 
programs for static and dynamic analysis of floating offshore 
systems.  He visited Orcina during September 2007, with the 
Lake District location of the company providing additional 
incentive, and initiated work with Peter Quiggin, over 
development of a non-linear pipeline-seabed interaction 
model to augment the existing linear spring model. Further 
discussion took place during the visit to Perth by Dave 
Thomas and Colin Blundell. Trial versions of the non-linear 
model are currently being tested, with a view to release 
during 2008.  Example results from the trial version of the 
model are included in a forthcoming OTC paper.

Randolph, M.F. and White, D.J. (2008). Pipeline embedment 
in deep water: processes and quantitative assessment. Proc. 
Offshore Technology Conf., Houston, Paper OTC 19128.
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Technion, Israel Institute of Technology

Dr Assaf Klar visited COFS during August 2007, resulting 
in a whirlwind of ideas and analyses undertaken using 
Mathematica and FLAC.  When the dust had settled, a 
joint publication with Mark Randolph was generated and 
a number of other ideas remain in the pipeline for future 
collaboration. 

Klar, A. and Randolph, M.F. (2008). Upper bound and load 
displacement solutions for laterally loaded piles in clay 
based on energy minimisation. Géotechnique (submitted 
November 2007).

Federal University of Pernambuco, Brazil,

Martin Fahey spent the first 5 months of his sabbatical 
leave in 2007 visiting the Geotechnical group at the Federal 
University of Pernambuco, in Recife, Brazil, working 
with Prof. Roberto Quental Coutinho and his group 
of PhD students.  In this period, Martin participated with 
Roberto’s group in studies concerning issues of ground 
stabilisation in the adjacent colonial city of Olinda, where 
ground movements are threatening some of Brazil’s oldest 
churches, and even many houses in the oldest part of the 
city.  One of the projects involved devising a scheme to 
stabilise ground movements at the rear of the church of 
the Monastery of St Benedict (Mosteiro de São Bento), 
built in 1599, because of the damage being caused to this 
structure by these movements. Martin (and his wife Annie) 
were also afforded the unique privilege of being invited 
to join the Bloco de Saudade, one of the leading groups 
involved in the carnival in Recife, and so were completely 
immersed in Pernambucano carnival culture during the two 
weeks of carnival in February 2007. 

The church of the Monastery of St Benedict (Mosteiro de São 
Bento, 1599), where Prof. Roberto Quental Coutinho’s group are 
involved in ground stabilisation efforts aimed at protecting the 
structure from further damage due to ground movements.

Federal University of Rio Grande do Sul, 
Porto Alegre, Brazil

Martin Fahey continued his collaboration with the 
geotechnical group at the Federal University of Rio Grande 
do Sul, Porto Alegre, Brazil, publishing a number of papers 
with Prof. Nilo Consoli, and continuing work on translation 
into English of the book Patologia das Fondacões (Pathology 
of Foundations), originally written by Garbhas Militinski, 
Fernando Schnaid and Nilo Consoli.

www.cofs.uwa.edu.au
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University of Porto, Portugal

Already strong links between COFS and the Geotechnical 
Section in the Department of Civil Engineering at the 
University of Porto, Portugal, were further strengthened in 
2007, with Martin Fahey spending the second 6 months of 
his sabbatical leave at Porto.  With PhD student Cristiana 
Ferreira (a previous visitor to COFS), Prof. António Viana 
da Fonseca is investigating the stiffness properties of the 
residual granitic soils in Porto.  Part of Cristiana’s project is to 
examine the small-strain stiffness properties of undisturbed 
block samples of the residual soil using the cubical True 
Triaxial Apparatus developed at UWA (see photograph).  
Martin also worked with another of António’s PhD students, 
António Topa Gomes, on derivation of stiffness parameters 
for the Porto residual soil from in situ test results (cross-hole 
seismic tests, self-boring pressuremeter tests), with the 
application being a complete back-analysis of the movements 
of the retaining wall for the deep excavation for the Salgueiros 
station on the new Porto Metro.

At the University of Porto, Portugal: Cristiana Ferreira and Carlos 
Costa with Prof. António Viana da Fonseca (right) with the cubical 
True Triaxial Apparatus developed at UWA.

Brazilian & Portuguese collaborations:

Consoli, N.C., Rotta, G.V., Foppa, D. and Fahey, M. (2007). 
Mathematical model for isotropic compression behaviour 
of cemented soil cured under stress.  Geomechanics and 
Geoengineering, Vol. 2, No. 4 (December) , 269 –  280 Taylor 
& Francis, London.

Consoli, N.C. Casagrande, M.D.T. Thomé, A. Rosa, F.D. and 
Fahey, M. (2008). Effect of relative density on plate tests on 
fibre-reinforced sand. Géotechnique, London, UK (submitted 
for publication).

Viana da Fonseca, A., Ferreira, C., and Fahey, M. (2008). 
A framework for interpretation of bender element tests, 
combining time-domain and frequency-domain methods.  
Submitted (Dec. 2007) to Geotechnical Testing Journal, ASTM.

Consoli, N. C., Walski, M. and Fahey, M. (2007). The effect of 
fibre length on the micro-reinforcement of sand. 5o Simpósio 
Brasileiro de Geossintéticos – GEOSSINTÉTICOS´2007, 
Recife, Brazil, June (published on CD only).

Fahey, M. (2007).  Keynote Paper: Tailings management in a 
semi-arid environment. Proceedings 6o Congresso Brasileiro 
de Geotecnia Ambiental REGEO´2007, Recife, Brazil, June 
(published on CD only).

Ferreira, C., Viana da Fonseca, A., and Fahey, M (2008).  
Seismic wave measurements in true triaxial tests on natural 
and reconstituted samples of residual soil from granite.  
Submitted to Int. Symp. Pre-Failure Deformation Behaviour of 
Geomaterials, Atlanta, USA, September.

Topa Gomes, A., Viana da Fonseca, A. and Fahey, M. 
(2008). Self-boring pressuremeter tests in Porto residual 
soil: results and numerical modelling. Proceedings of the 3rd 
International Symposium on Site Characterisation (ISC’3), 
Taipei, Taiwan, April.

Topa Gomes, A., Viana da Fonseca, A. and Fahey, M. 
(2008). Deformation parameters for Granite Residual 
Soil. Deformation parameters for Granite Residual Soil. 
Proceedings of the 3rd International Symposium on Site 
Characterisation (ISC’3), Taipei, Taiwan, April 
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National University of Singapore (NUS), Singapore

Dave White continued his collaboration with Dr Kar Lu 
Teh of the National University of Singapore (NUS), studying 
the vertical bearing response of spudcan foundations 
on sand. This work has yielded a simplified approach for 
incorporating progressive failure and stress level effects into 
the conventional bearing capacity equation. Kar Lu may have 
set a world record when she completed 4 boxes of centrifuge 
tests within 5 days during her visit to COFS in April 2007. 
Dave visited NUS in September 2007 to continue their work, 
and delivered a joint seminar to the NUS research group and 
the local branch of SNAME. Kar Lu returned to COFS in late 
2007, as part of her globe-trotting role as project analyst 
for the InSafe JIP, and will visit us again in 2008. Kar Lu and 
Mark Cassidy take these opportunities to continue their 
discussions on spudcan punch through failures.

White D.J., Teh K.L., Leung C.F. and Chow Y.K. 2008. A 
comparison of the bearing capacity of flat and conical circular 
foundations on sand. Géotechnique, (accepted March 2007).

Teh, K.L., Cassidy, M.J., Leung, C.F., Chow, Y.K., Randolph, 
M.F. and Quah, M. (2008). Revealing the bearing failure 
mechanisms of a penetrating spudcan through sand 
overlaying clay. Géotechnique. Accepted 1 November 2007

Dr Kar Lu Teh and Professor Andrew Schofield compare 
thoughts on the behaviour of jack-up spudcans

Johnny Cheuk in the beam control room

Susan Gourvenec and Johnny Cheuk enjoying a 
day out in Perth

University of Hong Kong, Hong Kong

Dr Johnny Cheuk of the University of Hong Kong visited 
COFS in August 2007 to conduct a series of centrifuge model 
tests with Dave White investigating the dynamic embedment 
of on-bottom pipelines. His tests contrasted the response of 
kaolin and natural deepwater soft clay supplied by BP from 
offshore West Africa. His visit was funded by the Research 
Grants Council of the Hong Kong Special Administrative 
Region, China.

Cheuk C.Y. and White D.J. Centrifuge modelling of pipe 
penetration due to dynamic lay effects. Proc. 27th Int. Conf. 
on Offshore Mechanics and Arctic Eng., Estoril, Portugal, 
2008, Paper OMAE2008-57923.

Bruton D.A.S., White D.J., Carr M.C. & Cheuk C.Y. 2008. 
Pipe-soil interaction during lateral buckling and pipeline 
walking: the SAFEBUCK JIP. Proc. Offshore Technology 
Conference, Houston, USA. Paper OTC19589.

White D.J. & Cheuk C.Y. 2008. Modelling the soil resistance 
on seabed pipelines during large cycles of lateral movement. 
Marine Structures 21(1):59-79
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Giken Seisakusho Co. Ltd., Japan

Dave White has maintained a link with Giken Seisakusho 
Co. Ltd., continuing a joint research programme which 
began during his PhD study at the University of Cambridge, 
supervised by Professor Malcolm Bolton. Malcolm, Dave 
and PhD student Andrew Deeks visited Giken in July 2007 
to discuss recent research related to Giken’s pile jacking 
technology. Andrew spent 2007 completing his Cambridge-
badged PhD whilst based at COFS, and has been mimicking 
Giken’s press-in piling technology in the beam centrifuge.

In February 2007, Dave White and Barry Lehane attended 
the inaugural assembly of the International Press-in 
Association, held in Cambridge, UK, co-ordinated by Giken. 
Barry collected an award to conduct research into pile jetting 
and Dave presented a review of recent research into jacked 
piles.

Jackson A.M., White D.J., Bolton M.D. & Nagayama T. 2008. 
Pore pressure effects in sand and silt during pile jacking. 2nd 
Int. Conf. on Foundations. Dundee, Scotland.

Texas A&M University, USA 

Assoc. Prof. Chuck Aubeny visited COFS as a Gledden 
Fellow, between October 2006 and January 2007. Chuck 
continued his investigations into non-linear models for riser-
seabed interaction, including some laboratory floor model 
tests.  These led to a co-authored paper with Christophe 
Gaudin and Mark Randolph.

Aubeny, C., Gaudin, C. and Randolph, M.F. (2008). Cyclic 
tests of model pipe in kaolin. Proc. Offshore Technology 
Conf., Houston, Paper OTC 19494. 

James and the PARI centrifuge

Kikuchi-sensei, Dave, Andrew and James by the Great Buddha 
of Kamakura

Ports and Airports Research Institute, Japan

Dave White and PhD students James Schneider and 
Andrew Deeks were invited to visit the Ports and Airports 
Research Institute in Japan in February 2007. James and 
Dave prepared a contribution to the International Workshop 
on Advances in Deep Foundations in collaboration with 
Dr Yoshiaki Kikuchi (Head of the PARI Foundations 
Division). This work included a back-analysis of recent load 
tests conducted on large pipe piles for the design of Tokyo 
Port Bay Bridge.

Schneider J.A., White D.J. & Kikuchi Y. 2007. Back analysis 
of Tokyo port bay bridge pipe pile load tests using piezocone 
data. Proc. International Workshop on Recent Advances in 
Deep Foundations, Yokosuka, Japan. 183-194.
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AtkinsBoreas, UK and Cambridge University, UK 
– The SAFEBUCK JIP

Dave White has continued his involvement in the 
SAFEBUCK joint industry project, which is nearing the end 
of Phase II. This JIP is concerned with design solutions for 
seabed pipelines involving controlled lateral buckling and the 
mitigation of axial walking. It is supported by all of the major 
oil and gas operators and several contractors, and is directed 
by AtkinsBoreas in the UK. The geotechnical components 
of the JIP include model tests of axial and lateral pipe-soil 
interaction, conducted at Cambridge University and at COFS. 
Helen Dingle visited COFS for 6 months after completing 
her undergraduate studies at Cambridge. Working with Dave 
White and Christophe Gaudin, she completed two series 
of centrifuge model tests funded by SAFEBUCK. These tests 
focussed on the forces and failure mechanisms associated 
with large-amplitude lateral pipe movements. Helen also 
worked with COFS visitor Dr Johnny Cheuk, refining 
upper bound plasticity solutions to match the kinematics 
observed in her model tests. David Bruton and Malcolm 
Carr visited COFS in March 2007 and have co-authored 
two papers with Dave describing recent progress within the 
JIP. Meanwhile, the Dave White and Prof. Malcolm Bolton 
have been collating the activities from Phase II of SAFEBUCK 
into guidance on the modelling of pipe-soil interaction, and 
presented this activity to a SAFEBUCK workshop hosted by 
BP in London during September 2007.

Cheuk C.Y., White D.J. & Dingle H.R.C. 2008. Upper bound 
plasticity analysis of a partially-embedded pipe under 
combined vertical and horizontal loading. Soils & Foundations 
48(1):137-148

Dingle H.R.C., White D.J., & Gaudin C. 2008. Mechanisms of 
pipe embedment and lateral breakout on soft clay. Canadian 
Geotechnical Journal, accepted for publication, November 
2007.

Cheuk C.Y., White D.J. & Bolton M.D. 2007. Large scale 
modelling of soil-pipe interaction during large amplitude 
movements of partially-embedded pipelines. Canadian 
Geotechnical Journal 44(8):977-996.

Bruton D.A.S., White D.J., Carr M.C. & Cheuk C.Y. 2008. 
Pipe-soil interaction during lateral buckling and pipeline 
walking: the SAFEBUCK JIP. Proc. Offshore Technology 
Conference, Houston, USA. Paper OTC19589.

Bruton D., Carr M. & White D.J. 2007. The influence of pipe-
soil interaction on lateral buckling and walking of pipelines: 
the SAFEBUCK JIP. Proc. 6th Int. Conf. on Offshore Site 
Investigation and Geotechnics, London. 133-150.

Kristin, Helen and Lisa relive the moment when Helen clean 
bowled Ivan during cricket day
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University of Southampton, UK

Dr Dave Richards of the University of Southampton visited 
UWA for two weeks in March 2007, working with Barry 
Lehane, Dave White and Christophe Gaudin. His long-
term research programme into the behaviour of transmission 
tower foundations has involved several series of centrifuge 
model tests conducted at UWA since 2002. Two set of tests 
were conducted: (i) rapid pushover of a full model tower in 
the beam centrifuge, and (ii) rapid pullout of an individual 
footing, observed using the new high speed camera in the 
drum centrifuge.  

Dave Richards in the Beam Centrifuge

Dave Richards enjoying the waters of Rottnest Island during 
his visit
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Laboratoire Central des Ponts et Chaussées, 
France

Christophe Gaudin continued his collaboration with 
Jacques Garnier and Luc Thorel initiated within an ARC 
linkage International Award granted in 2005. He visited the 
French centrifuge in October to assist in the implementation 
of the new T-bar manufactured by COFS. His visit was 
followed by the visit to COFS of Gerard Rault and Patrick 
Gaudicheau from the LCPC, who worked respectively on 
the development of the remote on-board robot currently in 
progress at COFS and on the transfer of the PIV techniques 
from COFS to the LCPC.

Gaudin C., Thorel L., Rault G., Garnier J., Chenaf N. (2008). 
Le T-bar; un essai d’investigation des argiles. Journées 
Nationales de Géotechnique et de Géologie de l’Ingénieur, 
Nantes, France, 18-20 Jun. 

Christophe Gaudin checking that centrifuges spin the same way, 
regardless of which hemisphere they are located, and training 
new staff

Gerard Rault and Don Herley discussing the respective merits of 
their facilities

University of Bologna, Italy

Susan Gourvenec continued her collaboration with 
Assoc. Professor Guido Gottardi and Dr Laura Govoni 
investigating the response of shallow surface, buried and 
caisson foundations on silica sand under general loading. 
Results from a series of drum centrifuge tests (carried out at 
COFS) have been written up for a forthcoming journal paper 
and finite element back-analyses of the drum centrifuge tests 
have been started with preliminary results written up in a 
conference paper. Work will continue with the interpretation of 
the remaining centrifuge test results and extension of the finite 
element modelling programme to include stress-dependent 
dilatant constitutive models. 

Gourvenec, S., Govoni, L. and Gottardi, G. (2008) An 
investigation of the embedment effect on the combined 
loading behaviour of shallow foundations on sand. 2nd 
International Conference on Foundations (ICOF), Dundee, 
Scotland.

Govoni, L., Gourvenec, S. and Gottardi, G. Centrifuge 
modeling study of bearing capacity of circular surface 
footings on sand under general planar loading (Submitted 
to journal).

Korea Advanced Institute of Science 
and Technology (KAIST)

COFS hosted a delegation from the Korea Advanced 
Institute of Science and Technology in Korea (KAIST). 
Professors Dong-Soo Kim and S.R. Lee, together with 
seven Masters and PhD students visited COFS for the day. 
Having just established their geotechnical centrifuge, the 
Korean delegation was on a Korean Government funded 
Study Tour (known as Brain Korea 21). COFS’s Centrifuge 
Manager Christophe Gaudin led discussions on modelling 
techniques, COFS research projects, possible collaboration 
and student exchange. We look forward to future exchanges. 

Professors Kim and Lee and the KAIST Delegation with 
Christophe Gaudin and Mark Cassidy of COFS
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Centrifuge Modelling Activity 

The year 2007 has seen our level of collaboration with 
industry booming in the wake of new offshore developments 
worldwide, with one particular project triggering two separate 
centrifuge studies to address the uncertainties associated 
with challenging soil conditions. A further trend that has 
driven new modelling projects is the diversification of offshore 
challenges, which has led to our involvement in high-level 
studies related to new foundation concepts. A total of 117 
days of beam centrifuge usage, representing 42% of the 
centrifuge activity, has been dedicated to industry projects, 
generating a total income of A$300k.

Similar to the previous years, the most interesting aspects 
of these projects are their diversity and the associated 
challenges from both a technical and scientific point of 
view. Projects embraced challenges from in-flight soil 
characterisation of uncommon in-situ materials (Golder 
Associates, WorleyParsons) to modelling of the dynamic 
motion of pipelines in the touchdown zone during laying 
(Woodside) and the development of a new foundation system 
with suction-induced preloading (Keppel Offshore and 
Marine Technology Centre). These achievements reflect the 
technical expertise of the centre and the excellent versatility 
and reactivity of the centrifuge facility. Most of the projects 
needed to be performed within a strict timeline, while still 
requiring some challenging technological developments. 
These projects also show how the expertise of the staff and 
the capabilities of the facility have developed in the recent 
years with particular focus on certain topical areas of activity 
including pipeline-soil interaction and preloading effects.

These projects could only be undertaken thanks to the 
tremendous effort put in together by the team of the 
electronics lab (Fig. 1) and the centrifuge operators (Fig. 2). 
Along the year, challenging technical developments have 
been undertaken in the wake of those initiated in 2006 to 
answer the specific issues raised by the industry projects. 
The motion control system (Fig. 3) has been upgraded to 
allow scaling of the input waveform used for cyclic loading. 
This allows the amplitude of the cyclic loading (either in load 
or displacement control) to change following the evolution 
of a given parameter (such as time or embedment depth). 
A second feedback loop has been implemented, allowing 
for the coupling of two axes, for example to keep a suction 
pressure constant during suction-induced preloading of 
suction caisson regardless of the seepage occurring inside 
the caisson. 

In parallel, the data acquisition system of the drum centrifuge 
has been upgraded and permits monitoring of up to 64 
channels at a sampling rate of 1000 kHz, with Ethernet 
wireless transmission to the control command room. This 
upgrade was required by the new submarine landslide project 
where a slope failure will be triggered and will travel within the 
drum centrifuge channel in less than 140 ms. The new data 
acquisition system (Fig. 4) also features eight on-board chips 
which condition the signal and excite the transducers directly, 
removing the need for a data acquisition card in the on-board 
computer.

Figure 1: The electronic team (from left to right) John Breen, 
Phil Hortin, Khin Seint, Tuarn Brown and Shane De Catania

Figure 2: The centrifuge team (from left to right) Don Herley, 
Bart Thompson and Dave Jones

Industry Links
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Pipe Soil Interaction Investigation

This project was commissioned by JP Kenny on behalf of 
Woodside Energy Limited in relation to the design of the 
production flowlines and the trunkline for a major Woodside 
development. The aim of the modelling programme was to 
investigate the behaviour of shallowly-embedded pipelines, 
focusing on the installation and lateral sweeping response in 
order to aid the design – particularly with respect to thermally-
induced lateral buckling. The full programme of work involved 
three sets of tests; one set using soil from each of three sites 
along the pipeline routes at which samples were obtained. 

For the three samples, the soil strength profile, established 
from a series of model T-bar tests and cone penetration tests, 
was controlled to match the profiles measured in the field. A 
programme of pipe-soil interaction tests was conducted in 
each of the three samples. Each programme involved tests 
focussed on the vertical embedment and breakout response, 
and tests that included large-amplitude lateral sweeping 
to simulate thermal loading cycles of a laterally-buckling 
flowline. The vertical embedment tests involved modelling 
of dynamic lay effects, in which the lateral oscillations of the 
pipe within the touchdown zone were simulated. The lateral 
sweeping stages typically involved numerous cycles of lateral 
movement, and testing of the resistance of the soil berms 
created at the limits of the thermal cycling. The deformed soil 
surface and the partly-embedded pipeline evident at the end 
of a test are shown in Figure 5. 

These tests provided the key measurements required 
to construct an idealised horizontal load-displacement 
response for use in design. These key values included the 
as-laid embedment and the horizontal resistance during (i) 
breakout, (ii) steady-state lateral sweeping, and (iii) during a 
push through the soil berms created at the extremities of the 
cycling range. 

Figure 3: The last version of the motion control system featuring 
two feedback loops and four independently-controlled axes

Figure 4:  New data acquisition system with signal conditioning 
and transducer excitation. Up to eight boxes can be mounted 
concurrently, providing 64 acquisition channels at a sampling rate 
of 1000 kHz

Further technical developments will be undertaken at the 
same pace in 2008 in order to keep the facility at the leading 
edge of centrifuge technology and to be able to address the 
new challenges faced by the offshore industry. One of the 
next challenges will be the development of a 4-axis remote 
actuator for the beam centrifuge. The design stage for this 
device was completed in 2007 and the commissioning is 
expected in late 2008.

Figure 5: Pipeline and disturbed seabed after thermal cycling
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The measured pipe embedment indicated the influence 
of lay effects on the as-laid embedment, compared to 
monotonic vertical penetration. Figure 6 shows a typical 
trajectory from a lay sequence in which the vertical load 
and the lateral movement were controlled, whilst the vertical 
embedment was allowed to evolve naturally. The lateral 
sweeping stages revealed appropriate friction factors to be 
used in design, which differed significantly from the values 
conventionally used in the assessment of on-bottom stability 
under hydrodynamic loading. The general form of the 
large-amplitude lateral response was in agreement with the 
idealised model developed during Phase I of the SAFEBUCK 
JIP, but the actual values of resistance often differed, and 
were strongly influenced by the rate and period of the lateral 
cycles. The resistance was also strongly influenced by 
the increasing embedment of the pipeline with continued 
sweeping. A typical evolution of pipe embedment during the 
thermal sweeping stage is shown in Figure 7.

Figure 6: Example pipe invert trajectory during laying and initial 
breakout

Figure 7: Example pipe invert trajectory during large-amplitude 
cycles of lateral movement (several diameters in lateral extent)

Development of a Hybrid Foundation System

This work was commissioned by the Keppel Offshore and 
Marine Technology Centre Pte. Ltd. in order to investigate 
the feasibility and performance of a hybrid foundation 
system, composed of a skirted mat and a suction caisson. 
The Stage 1 modelling programme aimed to investigate the 
feasibility of suction-induced preloading through a series of 
beam centrifuge tests on a hybrid foundation, as well as the 
performance of preloaded foundations through a series of 
drum centrifuge tests on a skirted mat foundation (Fig. 8). 

The Stage 1 tests were successful and validated the concept 
of suction-induced preloading. Potential issues appeared 
to be related more to the seepage inside the caisson unit 
than in the potential failure of the internal plug. Results 
notably showed that continuous pumping was necessary 
in order to keep the preloading level constant. Settlement 
generated during suction-induced preloading appeared to 
be significant but yet acceptable for serviceability. The gain 
in penetration resistance (or normalised mat pressure) was 
evident in all tests and similar between the two series of 
tests (Fig 9). A gain in capacity varying between 50% and 
90% is expected, depending on the preload level and the 
consolidation level. In that respect, the consolidation time 
appeared to have a dominant effect over the preloading level, 
e.g. the gain from a 50% preload fully consolidated test is 
higher than the gain from a 95% preload test experiencing 
50% of full consolidation. Extraction resistance proved to be 
independent of the level of preloading and consolidation and 
was at a maximum when pore pressures were allowed to fully 
dissipate before extraction.

Figure 8: Skirted foundation model
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Stage 2 was performed in order to extend the investigation 
to i) the influence of the caisson skirt length on the plug 
behaviour, ii) the influence of the mat/caisson area ratio on 
the performance of the suction-induced preloading, iii) the 
performance of the suction-induced preloading in comparison 
to a direct preloading and iv) the feasibility of reverse pumping 
extraction of the foundation unit. The results confirmed the 
Stage 1 observations and demonstrated again the feasibility 
of suction-induced preloading and quantified the gain in 
penetration resistance (or normalised bearing capacity) 
resulting from the preloading. In addition, they indicated 
that reducing the caisson skirt length would lead to a lower 
suction pressure required to apply the targeted preload level 
and a lower extraction resistance. However, it would also 
lead to a lower efficiency of the preloading stage and higher 
settlements during the consolidation stage. Similarly, reducing 
the caisson-mat area ratio would result in a higher penetration 
and extraction resistance, but also in a longer consolidation 
and a lower efficiency of the preloading. Finally, the results 
showed that suction-induced preloading is less efficient than 
direct preloading although the contribution of the internal 
plug in the gain obtained after direct preloading and the 
contribution of seepage in the lower gain after suction-
induced preloading requires more investigation.

Figure 9: Example of increase in penetration resistance after 
preloading
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Industry Testing in the Geotechnical Testing 
Laboratory

The Geotechnical Testing laboratory at COFS has been 
providing testing services to the offshore (and onshore) 
industry for the past 25 years, but 2007 has been one of the 
busiest ever, both in terms of number of projects (29) and 
total turnover (~$1.8 M). The tremendous productivity of the 
laboratory was achieved under the direction of the laboratory 
manager, Binaya Bhatterai, with full-time staff Claire 
Bearman, Kristin Hunt, Natalia Kroupnik (dec.) and 
Aaron Groves, and with additional support in the busiest 
times from  Debesh Bhattarai, HanEng Low, Lewis 
Waters, Jonathan ZhongYuan and Hongjie Zhou.

In 2007, our direct clients included: Advanced 
Geomechanics, Arup, Coffey Mining, Fugro, Golder 
Associates, Iluka Resources, Riley Consultants, and 
WorleyParsons, who commissioned work on behalf of 
ultimate clients: Apache Energy, BHP Billiton, BP, Chevron, 
Coogee Resources, Inpex Corporation, Jubilee Mines, 
MEO Limited and Woodside.

Figure 10: A Constant Rate of Strain (CRS) consolidometer

Most of this work was for various phases of offshore projects, 
mainly on the North West Shelf and the Timor Sea, and some 
onshore and mining projects.  Projects included:  Abadi, 
Angel, Browse, Greater Gorgon, Heron/Blackwood, North 
Rankin B, Montara Project, Scott Reef, Ichthys, Pyrenees, 
Reindeer, Pluto, Tangguh, Van Gogh, Vulani Island (Fiji), and 
mining projects Gingin, Murray Basin, Jacinth-Ambrosia, 
Worsley, and Jubilee Gold. 
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Figure 11: One of the three simple shear apparatuses.

For the offshore sites, practically all tube samples returned 
to the laboratory are examined using X-radiography prior to 
testing, to aid in identification of the most suitable samples 
for testing.  The testing for offshore projects involved a wide 
range of laboratory tests, including monotonic and cyclic 
triaxial and simple shear tests, constant normal stiffness 
(CNS) direct shear tests, Rowe Cell consolidation, constant 
rate of strain (CRS) consolidation, and thermal conductivity, 
as well as normal index testing. Internal axial and radial 
strain measurement in triaxial tests has become much more 
commonly required, often in association with bender element 
testing to determine shear wave velocity.

InSafe JIP

During 2006, COFS was identified by the jack-up industry 
to initiate and contribute to the Joint Industry Project (JIP) 
on the development of new guidelines for the installation of 
jack-up platform. The University of Western Australia, Oxford 
University and the National University of Singapore, together 
with RPS Energy, will calibrate their new analysis methods 
against offshore case records held by the industry sponsors. 
Named the “InSafe JIP”, the project has widespread industry 
support from fourteen international oil and gas companies 
and safety regulators and four service providers. These 
include American Bureau of Shipping, ConocoPhillips, Dong 
Energy, Ensco International, EXXONMobil, Fugro Singapore, 
GlobalSantaFe, Health and Safety Executive of the United 
Kingdom, Keppel FELS, Maersk Contractors, Noble Drilling, 
Premier Oil, Premium Drilling, Shell UK.  

To date, the InSafe JIP has over 90 case records of jack-
up installations provided by its industry sponsors. Mark 
Cassidy, Mark Randolph and Britta Bienen of COFS 
are providing advice on the optimisation of down-hole tool 
selection, laboratory testing and bearing capacity predictions. 
They are working with Julian Osborne (RPS Energy), 
Professor Guy Houlsby (Oxford University), Professor 
Colin Leung and Dr Kar Lu Teh (National University of 
Singapore) as members of the project team. 
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The following is a list of conferences attended by COFS 
people:

•	 International	Workshop	on	Recent	Advances	in	Deep	
Foundations, Yokosuka, Japan, 1-2 February 2007 
COFS people attended:  Dave White, James Schneider

•	 9th	International	Symposium	on	Mining	with	Backfill,	
Montreal, Canada, 29 April – 2 May 2007 
COFS people attended:  Martin Fahey

•	 26th	International	Conference	on	Offshore	Mechanics	and	
Arctic Engineering, San Diego, USA, 10-15 June 2007 
COFS people attended:  Mehrdad Kimiaei

•	 6th	Brazilian	Congress	on	Environmental	Geotechnics,	
Pernambuco, Brazil, 18-20 June 2007 
COFS people attended:  Martin Fahey

•	 17th	International	Offshore	and	Polar	Engineering	
Conference, Lisbon, Portugal, 1-6 July 2007 
COFS people attended:  Christophe Gaudin, Dave White, 
Mark Randolph, Shazzad Hosain

•	 6th	International	Conference	of	Offshore	Site	Investigation	
and Geotechnics (Society Underwater Technology), 
London, UK, 11-13 September 2007 
COFS people attended:  Mark Cassidy, Christophe Gaudin, 
Dave White, Susie Gourvenec, Mark Randolph

•	 11th	International	Conference	on	Jack-up	Platform	Design,	
London, UK,  September 2007 
COFS people attended:  Mark Cassidy

•	 14th	European	Conference	on	Soil	Mechanics	and	
Geotechnical Engineering, Madrid, Spain, 24-29 
September 2007

•	 10th	Australia-New	Zealand	Conference	on	Geomechanics,	
Brisbane, Australia, 21-24 October 2007 
COFS people attended:  Susie Gourvenec, Mark Randolph, 
Richard Merifield

•	 4th International Seminar on Deep and High Stress Mining 
(Deep Mining 07), Perth, Australia, 7-11 November 2007 
COFS people attended:  Boris Tarasov

Keynote Papers

•	 White,	D.	J.	and	M.	F.	Randolph	(2007).	Seabed	
characterisation and models for pipeline-soil interaction. 
ISOPE,  Lisbon, Portugal

•	 Randolph,	M.	F.,	H.	E.	Low	and	H.	Zhou	(2007).	In	situ	
testing for design of pipeline and anchoring systems. 
6th International Conference Offshore Site Investigation 
and Geotechnics, Society for Underwater Technology

•	 Tarasov,	B,G,	and	Randolph,	M.F.	(2007).	Paradoxical	
features of primary shear fractures and general faults. Proc. 
Int. Symp. On Rock Slope Stability in Open Pit Mining and 
Civil Engineering, Australian Centre for Geomechanics, Perth

1st International Workshop on Advances in Deep 
Foundations, Yokosuka, Japan 

Dave White and James Schneider presented keynote 
lectures at this workshop hosted by the Ports and Airports 
Research Institute in Yokosuka, near Tokyo. Dave’s keynote 
was concerned with recent research into the behaviour of 
jacked piles, and was co-authored with Andrew D. Deeks (a 
Cambridge University PhD student currently visiting COFS). 
James’ keynote was co-authored with UWA’s Barry Lehane, 
and reviewed recent advances in CPT-based methods of pile 
design. 

Andrew D. Deeks (Cambridge University), Yoshiaki Kikuchi (PARI), 
James Schneider (UWA), Makoto Owada (PARI, President), 
Dave White (UWA), Yoshiyuki Morikawa (PARI) and Professor 
Cumaraswamy Vipulanandan (University of Houston), assembled 
in the board room at PARI, in Yokusuka, Japan

9th International Symposium on Mining with 
Backfill, Montreal, Canada

Martin Fahey was co-author of a keynote paper presented 
at the 9th International Symposium on Mining with Backfill, 
Montreal, Canada (“Using effective stress theory to 
characterise the behaviour of backfill”).  Co-authors were 
Prof. Andy Fourie (Australian Centre for Geomechanics) and 
PhD student Matt Helinski.  Matt also presented another 
paper at the same conference (with the same co-authors).

www.cofs.uwa.edu.au
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6th Brazilian Congress on Environmental 
Geotechnics, Pernambuco, Brazil

Martin Fahey presented a keynote paper at the 6th Brazilian 
Congress on Environmental Geotechnics, held in Recife, 
Pernambuco, Brazil on 18-20 June 2007.  The paper 
(“Tailings management in a semi-arid environment”) gave an 
overview of the work carried out by Martin and colleagues 
from the School of Civil and Resource Engineering over the 
years on tailings management within an Australian context.

At the 6th Brazilian Congress on Environmental Geotechnics, 
Recife, Brazil, June 2007:  From left:  Martin & Annie Fahey 
with Karla Heineck and Lucas Festugato, both from the Federal 
University of Rio Grande do Sul, Porto Alegre, Brazil

14th European Conference on Soil Mechanics and 
Geotechnical Engineering, Madrid, Spain

Martin Fahey attended the 14th European Conference on 
Soil Mechanics and Geotechnical Engineering, where he 
moderated a workshop/discussion on pressuremeter testing 
as part of his function as core member of TC16 (Technical 
Committee 16 “Site Characterisation by In Situ Testing”).  
He is shown in the photograph below with Brazilian and 
Portuguese colleagues.

COFS PhD student Shazzad Hossain being awarded the 2007 
ISOPE Offshore Mechanics Scholarship at the 17th ISOPE 
conference in Lisbon

At the XIV European Conference on Soil Mechanics and 
Geotechnical Engineering, Madrid, September 2007: Martin 
Fahey (right) with Annie Fahey (2nd from left) with (from left): 
António Viana da Fonseca (University of Porto, Portugal), 
Roberto Quental Coutinho (Federal University of Pernambuco, 
Recife, Brazil), Sara Rios Silva (University of Porto) and Nilo 
Cesar Consoli (Federal University of Rio Grande do Sul, Porto 
Alegre, Brazil)

17th International Symposium on Offshore and 
Polar Engineering, Lisbon, Portugal

Dave White delivered a keynote lecture at the annual ISOPE 
event, entitled “Seabed characterisation and models for 
pipe-soil interaction”, co-authored with Mark Randolph.  
Christophe Gaudin and Shazzad Hossain also presented 
papers. At the conference dinner, Shazzad was invited 
onstage to collect the 2007 ISOPE Offshore Mechanics 
Scholarship which was awarded “in recognition of his 
outstanding academic achievement and potential.”
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6th International Conference on Offshore Site 
Investigation and Geotechnics, Soc. Underwater 
Technology, London, England

The Society for Underwater Technology holds the Offshore 
Site Investigation and Geotechnics (OSIG) conference in 
London at approximately 5-yearly intervals. This is a major 
event in offshore geotechnics, and the trip to London was 
made by a large number of COFS staff and former students 
and visitors. Papers were presented by Mark Randolph 
(including the keynote on site investigation, co-authored with 
Han Eng Low and Hongjie Zhou), Christophe Gaudin, 
Susan Gourvenec and Dave White.  The travelling 
support of ex-COFSites included Dr Phil Watson, Dr Ian 
Finnie, Dr Kevin Stone, A/Prof Jason DeJong and Dr 
Kar Lu Teh. The total of eight papers presented by current 
COFS personnel represented the largest contribution by any 
single organisation. 

Christophe Gaudin at the SUT OSIG conference explaining the 
installation of suction caissons in clay-over-sand conditions, from 
his paper with Marc Senders and Mark Randolph

Mark Randolph at the SUT OSIG conference delivering a keynote 
lecture on site investigation co-authored with PhD students Han 
Eng Low and Hongjie Zhou

Dave White at the SUT OSIG conference presenting a paper 
joint-authored with Barry Lehane and James Schneider on pile 
design in siliceous and carbonate sands

www.cofs.uwa.edu.au
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10th Australia-New Zealand Conference on 
Geomechanics, Brisbane, Australia

Susan Gourvenec was invited to deliver a special 
lecture at the 10th Australia-New Zealand Conference on 
Geomechanics, held in Brisbane, Australia, in October 
2007. In addition to presentation of her conference paper 
“Numerical analyses of a skirted foundation under tensile 
load”, Susan also presented results from recent numerical 
work carried out in collaboration with Mark Randolph on 
the effect of embedment ratio and foundation-soil interface 
roughness on the consolidation around skirted foundations 
and beam centrifuge tests carried out in collaboration with 
PhD student Hugo Acosta-Martinez on transient and 
sustained uplift capacity of shallowly skirted foundations. 
Richard Merifield and Mark Randolph also attended this 
conference. 

International Symposium on Rock Slope Stability 
in Open Pit Mining and Civil Engineering, 
Australian Centre for Geomechanics, Perth

Boris Tarasov delivered a keynote lecture, co-authored with 
Mark Randolph, entitled “Paradoxical features of primary 
shear fractures and general faults ” at the Deep Mining 07 
symposium held in Perth.   He outlined a new model that 
explains the transient low shearing resistance deduced from 
earthquakes and rock bursts at intermediate depths, and 
also the extremely high transmission speeds of ruptures; the 
lecture generated much informal discussion. 

Boris Tarasov at the Rock Slope Stability conference
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Andrew D Deeks
September 2006 – August 2008
Cambridge University, UK

Andrew Deeks arrived at COFS late 2006 to continue his Cambridge University PhD research 
into the behaviour of jacked foundation piles, working with Dave White.

Andrew used the beam centrifuge at COFS to simulate ‘gyropiling’.  This is a novel installtion 
technique for tubular piles, in which the pile is twisted into the ground.  Andrew’s work is 
supported by Giken Seisakusho Co Ltd (Japan).

Michael Fitzgerald
April – August 2007
Pennsylvania State University, USA

Michael came to work with Mark Randolph under the collaborative research project funded by 
the US National Science Foundation.  The main aim was to study piezocone performance in 
clays and silts.

Samy Ouahsine
March – August 2007
Ecole Nationale des Travaux Publics de l’Etat, France

Samy worked with Christophe Gaudin on the investigation of keying of plate anchors. He 
performed notably PIV analysis on drum centrifuge tests providing insight in the change of 
failure mechanism occurring during keying.

Manish Kumar
May – July 2007
Indian Institute of Technology, India

Manish visited COFS from IIT to work with Christophe Gaudin on the installation of suction 
caisson in layered soils.

Hongxia Zhu
April 2007 – April 2008
Tianjin University, China

Hongxia is working with Mark Randolph on research into submarine slides and their impact on 
offshore pipelines.  

Engineering, Computing and Mathematics
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Johnny Cheuk
August 2007
City University, Hong Kong

Johnny worked with Dave White on the collaborative research into the behaviour of on-bottom 
pipelines. He conducted a range of tests on the beam related to their joint grant “Seabed-pipe 
interaction for deepwater applications”, funded by the Research Grants Council of the Hong 
Kong Special Administrative Region.

Assaf Klar
August – September 2007
Israel Institute of Technology (Technion), Israel

Assaf worked with Mark Randolph on a number of topics during his short visit, but in particular 
on upper bound and load displacement solutions for laterally loaded piles in clay based on 
energy minimisation. 

Melissa Landon
September 2007 – April 2008
University of Massachusetts Amherst, USA

Melissa’s visit was part of the International Partnership Commitment for NSF Grant Entitled: 
“Developing International Protocols for Offshore Sediments and their Role in Geohazards: 
Characterization, Assessment, and Mitigation”.

Melissa worked with Mark Cassidy and Christophe Gaudin on the behaviour of jackup-rig 
reinstalled near existing footprints. She performed an extensive series of 1g experiments 
involving a three legged model jackup which spudans were reinstalled at various distances 
from existing natural and artificially made footprints.

Melissa also worked with Christophe Gaudin on centrifuge projects on the performance of 
hybrid foundation systems and the design of pipeline rock cover against anchor dragging for a 
LNG project in Hong Kong.  

Damian Schmalz
September – December 2007
NorthEastern University, USA

Damian’s visit was part of the International Partnership Commitment for NSF Grant Entitled: 
“Developing International Protocols for Offshore Sediments and their Role in Geohazards: 
Characterization, Assessment, and Mitigation”.

Damian worked with Mark Randolph on carrying out a series of laboratory tests to 
complement centrifuge model tests on pipe-soil segment tests in various clays, ranging 
from kaolin, to local deepwater carbonate ‘silt’ (high sensitivity, fine-grained material) and an 
offshore high plasticity clay.
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Robert Jaeger
September – November 2007
University of California, USA

Robbie’s visit was part of the International Partnership Commitment for NSF Grant Entitled: 
“Developing International Protocols for Offshore Sediments and their Role in Geohazards: 
Characterization, Assessment, and Mitigation”. He spent the period implementing the MIT-S1 
model into a finite element code, and we hope he will be returning to COFS for a future visit.

Christian Bakmar LeBlanc
September – December 2007
DONG Energy and Aalborg University, Denmark

Christian visited COFS for a few months, working with Mark Randolph on the interpretation of 
piezocone tests in silt using cavity expansion and critical state methods.

Karoline Krost
October 2007 – April 2008
Technical University of Darmstadt, Germany

Karoline worked with Susan Gourvenec on the research topic consolidation around partially 
embedded pipelines.  They used the finite element method to define the frictional resistance of 
the pipeline by deriving an appropriate enhancement factor and ascertained the optimal time 
lag required between pipeline laying and a pipeline becoming operational.  

Gerard Rault – Patrick Gaudicheau
November - December 2007
LCPC, France

Gerard and Patrick visited COFS in November and December 2007 under the Linkage Award 
grant linking COFS with LCPC and CUED in order to share centrifuge technology. Gerard 
assisted our team in the development of the 3D beam centrifuge actuator while Patrick worked 
on data acquisition systems and PIV techniques to be implemented in LCPC. 

Donghee Seo
November 2007 – November 2008
Yonsei University, Korea

Donghee is working with Dave White on research into the behaviour of seabed pipelines on 
soft clay.  During his time with COFS he will be involved in the development of a simple t-z 
type approach to simulate pipe walking, the use of numerical analysis to calibrate appropriate 
simple models for consolidation below a partially-embedded pipeline, and the resulting change 
in t-z response.  Donghee is using centrifuge modelling to calibrate appropriate simple models 
for axial pipe-soil resistance for partially-embedded pipelines

Engineering, Computing and Mathematics
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Colin Smith
October 2007
University of Sheffield, UK

Dr Colin Smith of the University of Sheffield in the UK visited COFS from for one week in 
October 2007. He gave a seminar on his recently-developed numerical technique for the 
derivation of upper bound limit analysis solutions - known as Discontinuity Layout Optimization.

Kar Lu Teh
November – December 2007
National University of Singapore

Kar Lu worked with Mark Cassidy on the InSafe JIP project.

Ian Moore
December 2007
Queen’s University, Canada

Ian met with various COFS academics and postgraduate students to learn about our activities 
on buried pipes.
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2nd March

Dr -Ing. Khalid Abdel-Rahman, Leibniz University of 
Hannover, Germany

Optimised design of offshore wind energy converters in 
Germany – Numerical Modelling

9th March

Dr Nathalie Boukpeti, University catholique de Louvain, 
Belgium

One-dimensional analysis of poroelastic medium during 
freezing

16th March

Dr Firooz Farvashany, Senior Structural Analyst 
Independent-mining industry

Interactive event simulator for HSC shear wall specimens

23rd March

Xiaoqing Zhou, Research Associate, Civil & Resource 
Engineering, UWA

Numerical prediction of reinforced concrete exterior wall 
response to blast loading

30th March

Hang Vu, Research Associate, Civil & Resource Engineering, 
UWA

The concept of fundamental solution is employed to enhance 
the SBFEM

20th April

Dirk Clasen, Technical University of Braunschweig, Germany

Numerical simulation of building acoustic problems

27th April

Andrey Radostin, Institute of Applied Physics of the Russian 
Academy of Sciences

The experimental research of nonlinear acoustic effects in 
rocks

4th May

Xinquin Zhu, School of Civil & Resource Engineering, UWA

Damage assessment of concrete high bridge structures 
including the road environment

18th May

Nawawi Chouw, Faculty of Environmental Science & 
Technology, Okayama University, Japan

Consequences of foundation flexibility for structural 
responses

25th May

Derek Elsworth

Pennsylvania State University, USA

On-the-fly profiling for permeability using uCPT: this potential 
and limitations

1st June

Nina Levy, PhD student, Civil & Resource Engineering, UWA

Modelling two-dimensional lateral loading of piles using 
energy principles 

8th June

Daichao Sheng, Newcastle University, NSW

Computational challenges in Modelling penetration problems 
in geomechanics

15th June

Sudip Basak, PhD Student, India

Effect of lateral cyclic loading on pile group

24th July

Professor Kitipornchai, City University of Hong Kong, 
Hong Kong

Instant Structural Analysis: A Tool for Structural Engineering 
Students and Engineers

www.cofs.uwa.edu.au
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27th July 

Michael Fitzgerald, The Pennsylvania State University, USA

Prediction of liquefaction resistance using CPTu-measured 
pore pressures

3rd August 

Masayuki Hyodo, Dept of Civil Engineering Yamaguchi 
University

Shear behaviour of methane hydrate-bearing sand

10th August

Tarrant Elkington, PhD Student, Civil & Resource 
Engineering, UWA

Efficient design tools of underground mines

17th August

Assaf Klar, Israel Institute of Technology, Haifa

Load-displacement solutions for piles and shallow 
foundations based on deformation fields and energy 
conservation

24th August

Johnny Cheuk, Department of Building and Construction, 
City University of Hong Kong

Failure mechanisms of loose fill slopes in Hong Kong

31st August

Vladimir Zajtsev, Institute of Applied Physics, Russian 
Academy of Sciences, Nizhny Novgorod,  Russia

Studies of nonlinear mesoscopic elasticity: intermediate 
milestones and recent trends

7th September

Dogan Seyyar, Middle East Technical University, Ankara, 
Turkey

Condition monitoring of structures

14th September

Antonio Caballero, Research Associate, Civil and Resource 
Engineering, UWA

3D Mesomechanical approach to fracture mechanics of 
concrete

28th September

Andrew D Deeks, Visiting Student, Cambridge, UK

Recent research into the behaviour of jacked piles

2nd October 

Shuichi Nagaoka, Dundee University, UK

The interaction of earthquake faults with structures

12th October

Lin Lu, State Key Laboratory of Coastal and Offshore 
Engineering, Dalian University of Technology, China

A general numerical wave flume based on FEM-LES-VOF

26th October

Colin Smith, University of Sheffield, UK

Numerical technique for the derivation of upper bound 
limit analysis solutions - known as Discontinuity Layout 
Optimization

54



The vast majority of Australia’s known gas reserves exist far 
offshore and in deep water, and more is expected to exist 
further off the continental shelf. Realising the full potential 
of these resources relies on the development of new, safe, 
economically viable and environmentally sound solutions to 
recover, process and transport them.

To meet these challenges the research capabilities of 
The University of Western Australia, Curtin University of 
Technology, The University of Queensland, Monash University, 
The University of Sydney, Flinders University and the CSIRO 
have united in The Wealth from Ocean National Research 
Flagship’s Collaboration Cluster on Subsea Pipelines. This 
initiative was launched on 31st October in the laboratories of 
COFS. 

The cluster consists of a $3.6 million grant from the Flagship 
Collaboration Fund, details below. Other initiatives on 
pipelines integrate with the Subsea Pipeline Cluster, including 
the Minerals and Energy Research Institute of Western 
Australia (MERIWA) initiative to study the impact of submarine 
landslides on deepwater pipelines. The Cluster is being led by 
COFS. 

Within the pipeline cluster, there are six projects that include 
research such as understanding the sediments of the seabed 
in deep water; assessment and mitigation of hazards such as 
sand movements; landslides and tsunami-induced seabed 
pressures that can affect pipeline integrity; development of 
analysis tools to determine the safest route for the pipeline; 
development of sophisticated risk assessment models; and 
real-time remote monitoring of the health and stability of 
pipelines.

Shifting the study of offshore pipelines from isolated individual 
project developments to an integrated scientific approach 
has led to the creation of the six cluster research streams that 
coincide with key design aspects of an offshore pipeline:

•	 Seabed	characterisation:	advanced	testing	of	seabed	
sediment characteristics to understand how they affect 
pipelines resting on the seabed.

•	 Seabed	morphology:	understand	the	formation	
mechanisms of seabed sand waves and develop model 
to predict the evolution of three-dimensional scour along a 
pipeline. 

•	 Structural	integrity:	developing	a	framework	for	the	
analysis of pipeline stability and fatigue by integrating the 
interactions and effects of the seabed, currents and internal 
heating of the pipeline.

•	 Pipeline	hazards:	address	the	technical	challenges	of	
changing seabed morphology and other geohazards, 
particularly where pipelines are routed up a continental 
slope. This stream includes the significant research effort in 
the MERIWA Joint Industry Project on developing practical 

models for the impact of submarine slides on pipeline 
infrastructure. 

•	 Full-life	reliability:	assess	the	feasibility	of	using	continuous	
measurements and analysis to monitor the health of a 
pipeline. 

•	 Pipeline	monitoring	–	explore	the	use	of	autonomous	
underwater and remotely operated vehicles for continuous 
monitoring, assessment of pipeline integrity and evaluation 
of the sub-sea floor. 

Some of the research findings and projects involved in the 
Subsea Pipeline Cluster are provided in the research reports 
section of this COFS annual report.  

Cluster Participants:

Dr Matthew Dunbabin, CSIRO  

Mr Stewart Burn, CSIRO

Dr Cedric Griffith, CSIRO  

Dr Chris Dyt, CSIRO

Dr Fangjun Li ,CSIRO   

Dr Mayela Rivero, CSIRO

Dr Alec Duncan, Curtin University 

Dr Yuxia Hu, Curtin University

A/Professor Karl Sammut, Flinders University 

Dr Jimmy Li, Flinders University 

A/Professor Fangpo He, Flinders University

Dr Jayantha Kodikara, Monash

Professor Xiao-Ling Zhao, Monash University

Dr Itai Einav, Sydney University

Dr Faris Albermani, University of Queensland

Dr Tom Baldock, University of Queensland

Professor Dave White, UWA  

Professor Mark Cassidy, UWA

Professor Mark Randolph, UWA  

Dr Christophe Gaudin, UWA

Professor Hong Hao, UWA  

Professor Liang Cheng, UWA

www.cofs.uwa.edu.au
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Flagship Collaboration Fund

The Flagship Collaboration Fund enables the skills of the 
wider Australian research community to be applied to the 
major national challenges targeted by the National Research 
Flagship Program – a CSIRO initiative.

As part of the $305 million provided over seven years by the 
Australian Government to the National Research Flagships, 
$97 million was allocated specifically to enhance collaboration 
between CSIRO, Australian universities and other publicly 
funded research agencies. The Australian Government’s 
budget announcement in 2007 provided additional resources 
for the Fund.

The Subsea Pipeline Collaboration Cluster contributes to 
the Wealth from Oceans Flagship program “Ocean Based 
Industry Development and Growth – Blue GDP”. The program 
aims to work with industry to develop the science and 
technology to unlock new opportunities in the exploration and 
development of Australia’s offshore hydrocarbon resources. 
The Cluster consists of a $3.6 million Federal Government 
grant through the Flagship Collaboration Fund and in-kind 
contributions totalling $7.4 million from the participating 
universities.

Kate Wilson, Andrea Hawkes, Mark Cassidy and Janie Corke

Xiao-Ling Zhao, Jayantha Kodikara and Mohamed Shahin

Robyn Owens and Mark Randolph

Tony Eaton and Paul Jones

Chris Fandry and Greg Thill

Signing the agreement, Alan Robson, Bev Ronalds 

and Kate Wilson
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Alan Robson and Bev Ronalds

 Krish Thiagarajan, Kate Darby and Simon Reid 

Steve Blake and Linda Perry

Mark Cassidy, Kate Wilson and Paul Jones

Ian Finnie and Tuarn Brown

www.cofs.uwa.edu.au
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Soil Characterisation

Completion of Development of a Seismic Tomography 
System for the Beam Centrifuge at UWA

Over the year 2007, PhD student Khader Rammah has 
completed his research on the development of a Seismic 
Tomography (ST) system for the use at both 1g and in the 
beam centrifuge at UWA, under the supervision of Martin 
Fahey. The ST system was used to provide 2-D images 
of the spatial variation of the shear wave velocity Vs for 1g 
and centrifuge models. The different components of the ST 
system were manufactured and developed in 2005. These 
components included all hardware and data acquisition 
programs needed to generate the shear waves and acquire 
the data in the seismic tomography tests at both 1g and the 
centrifuge. Over the past two years, Khader carried out series 
of 1g and in centrifuge tests using the ST system. In the 
tests carried out at 1g, experimental arrival-time data were 
obtained from two wax blocks, one with and one without 
a hole (a low-velocity anomaly) through the centre (see 
Figure  1). The centrifuge models included: 

•	 a	layer	of	silica	sand	subjected	to	different	g-levels, where 
the variation in shear wave velocity is due to the self-weight 
stress in the sand, and hence increases with depth;

•	 a	shallow	footing	on	silica	sand	at	different	g-levels and 
different footing bearing stresses, where Vs increases as a 
result of the footing bearing stress. 

•	 tests	to	investigate	the	capability	of	the	ST	system	in	the	
detection of buried anomalies within soil models; these 
tests included one sand model with a buried low-velocity 
anomaly, and a second with a buried high-velocity anomaly, 
as shown in Figure 2.

Prior to carrying out tomographic inversion on travel-time 
data obtained from 1g and centrifuge tests, a comprehensive 
study was carried out on synthetic models. Synthetic 
travel-time data were generated by tracing the rays on both 
isotropic and elliptically-anisotropic models. The layout of 
sources and receivers in these synthetic models matched the 
layout used subsequently for the ST tests in the centrifuge. 
In order to generate the synthetic travel-time data, the rays 
were traced using different methods including the eikonal, the 
ray-equation and the shortest-path methods.

Having generated the arrival-time data, inversion was then 
carried out initially using simplified linear ray-tracing methods, 
which showed that such methods provide a satisfactory 
solution only in very limited cases.  Non-linear inversion 
methods were found generally to be more successful.  
However, in most cases, some a priori information had to be 
added to guide the solution.  This was done through a set of 
regularisation approaches: regularisation that tends to lead 
towards homogeneity in both the vertical and the horizontal 

directions; and/or regularisation that adds information about 
an initial given model (or an a priori model). The initial model 
is a synthetic model that reflects what is expected as an 
output from the inversion. To simulate the testing environment 
in the centrifuge, noise was added to the synthetic data in 
some cases, for comparison with the results obtained from 
“perfect” data.

The overall results obtained from inversion of synthetic and 
test data pointed to a limitation associated with the inversion 
carried out on the different models used in this study. This 
limitation was the requirement to use an a priori model. 
The exact solutions in the different synthetic models used 
in this study were known, and they were used as a priori 
models into the inversion process. However, in practice the 
exact solution is unknown, and the aim of the tomographic 
inversion is to obtain a solution that best describes the 
measured data. 

Vs fields resulting from stress distribution beneath shallow 
footings on silica sand in the centrifuge were not recovered 
properly, particularly in the area around the footing, which 
exhibited sharp changes in Vs. The results of inversion of the 
synthetic data were improved by increasing the ray coverage 
from 3-sided to 4-sided illumination, but this could not be 
done in the experimental setup. In the inversion of travel-time 
data obtained for the footing tests, the Vs fields under the 
footing were only recovered when an a priori model was used 
in the inversion process. The a prior model used was a Vs 
model derived assuming a Boussinesq distribution of stress 
under the footing. Figure 3 shows the Boussinesq distribution 
of stresses under a 10 m diameter footing with a loading 
stress of 250 kPa, and Figure 4 shows the corresponding Vs 
model. Figure 5 shows the tomogram resulting from nonlinear 
tomographic inversion of travel-time data obtained from the 
centrifuge test F250-100g (a 10 cm diameter footing with a 
loading stress of 250 kPa tested at 100g) – using the a priori 
model shown in Figure 4.

The synthetic travel-time data obtained from the Vs field in 
Figure 4 was inverted using different a priori models to see 
how the inverted Vs field compared to the original field. The 
inversion was carried out 5 times, with the a priori model 
used in each case being based on a different degree of 
perturbation of the Boussinesq model. The perturbation was 
achieved by multiplying the velocities from the Boussinesq 
model by 1.2, 1.1, 1.0, 0.9 and 0.8 (where 1.0 implies 
no perturbation).  Figure 6 shows the output tomogram 
corresponding to zero perturbation, and Figure 7 shows 
the output tomogram corresponding to 20% perturbation (a 
factor of 1.2). Figure 8 shows the error parameters plotted 
against the perturbation value.  The error parameters plotted 
are the value of root mean squares of residuals of travel-
time data, Rrms, the average of the error, and the standard 
deviation of the error.  As can be seen, the minimum values of 
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each of these error parameters was obtained when the exact 
Boussinesq model used as an a priori model. In this case, 
this corresponds to the correct solution, as the unperturbed 
Boussinesq model was used to derive the velocity model 
from which the travel-time data used in the inversion were 
obtained. This indicated that the optimum inversion solution 
could be obtained by varying the a priori model to obtain the 
minimum in Rrms value, and such an optimisation process was 
subsequently used in all cases.

Figure 1: A hollow block of wax tested at 1g with arrays of 
transmitters and receivers attached to it

Figure 2: Preparation of silica sand soil model with a high-velocity 
buried anomaly in centrifuge model

Figure 3: Boussinesq distribution of stresses under a 10m footing 
with a loading stress of 250 kPa

Figure 4: Interpolated velocity model due to Boussinesq 
distribution of stresses under a 10m footing with a loading stress 
of 250 kPa

Figure 5: Nonlinear tomographic inversion of travel-time data 
obtained from the centrifuge test F250-100g (a 10m footing with 
a loading stress of 250 kPa tested at 100g) - using the a priori 
model shown in Figure 4

www.cofs.uwa.edu.au
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Figure 8: variation of Rrms, average of error and standard deviation of error 
resulting from inversion using different perturbed Boussinesq models.

Figure 6: Resulting tomogram using exact Boussinesq model 
as an a priori model (0% perturbation) in the nonlinear inversion 
of original synthetic travel-time data obtained on an isotropic Vs 
model due to stress induced under a 10m footing with surcharge 
stress of 250 kPa at 100g

Figure 7: Resulting tomogram using Boussinesq model perturbed 
by +20% as an a priori model in the nonlinear inversion of original 
synthetic travel-time data obtained on an isotropic Vs model due 
to stress induced under a 10m footing with surcharge stress of 
250 kPa at 100g
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Soil Classification Using Normalized Piezocone 
Parameters

Continuing on from the insights gained through variable rate 
piezocone tests in centrifuge specimens as well as those 
at the Burswood soft clay field site, analytical studies of 
normalized piezocone tip resistance were combined with 
databases of piezocone measurements in natural clays, 
silts, sands, and sand mixtures to try to aid in separation 
of the effects of yield stress ratio (YSR=’vy/’v0) and 
partial consolidation on piezocone response through soil 
classification charts. This work was performed by James 
Schneider, with Mark Randolph, Paul Mayne (Georgia 
Tech, USA), and Nick Ramsey (SKM, Australia).

It has been observed that yield stress ratio and partial 
consolidation both tend to increase the normalized tip 
resistance (Q=qcnet/’v0) and decrease the pore pressure 
parameter (Bq=∆u2/qcnet), leading to errors in current soil 
classification charts in heavily preconsolidated clays (i.e., 
such as those typical of the North Sea, Figure 9).

Figure 9:  Comparison of convention normalized pore pressure 
based soil classification charts to CLAY data

Figure 10:  ‘Direction of movement’ of database points on new 
normalized piezocone soil classification charts for YSR of CLAYS 
and degree of consolidation in SILTS

The use of the normalized parameters Q and ∆u2/’v0 (=Q·Bq) 
eliminate distortion of the charts that resulted from the 
incorporation of qcnet on both axes, leading to revised soil 
classification zones. There are still potential areas of overlap 
on the charts, but since YSR tends to reduce with depth and 
coefficient of consolidation also tends to vary with depth, the 
‘direction of movement’ of data points with depth is useful 
for separation of the effects of partial consolidation and YSR, 
i.e., in the newly developed charts overconsolidated clays 
tend to ‘move’ down and to the left as depth increases, while 
silty soils tend to ‘move’ up and to the right as the degree of 
partial consolidation increases (Figure 10). 
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Creep in Sand from In Situ Tests

The creep behaviour of clayey soils has been investigated 
worldwide by many researchers, but the creep behaviour 
of sand has received much less attention.  In self-boring 
pressuremeter (SBP) tests in sand, creep behaviour can 
be investigated by holding the pressure constant at any 
stage of the expansion, and measuring the rate of ongoing 
expansion of the cavity. Typical tests on dense silica sand 
show only a small amount of creep, even when the creep 
test is carried out at quite high cavity pressures.  However, 
in a series of SBP tests carried out at UWA’s Shenton Park 
test site in January 2007, much more significant creep strains 
were observed.  The tests were carried out to provide soil 
parameters for a number of projects at the site, under the 
direction of Martin Fahey, James Schneider, and Barry 
Lehane.  As has been the case for practically all SBP testing 
carried out under the direction of Martin over the past 26 
years, the actual testing was carried out by Tuarn Brown, 
shown below in typical action-man mode.

Figure 11:  Tuarn Brown atop the drilling rig, mounting the 
cutter-drive motor on the drilling rods for the SBP tests at 
Shenton Park

Figure 12:  Pressure-expansion plot for SBP test in sand at 
Shenton Park, showing creep strain at constant pressure

Figure 13:  Pressure-expansion plot for SBP test in calcareous 
sand at Kwinana, showing creep strain at constant pressure, and 
strain accumulation in repeated cyclic loading

A pressure-expansion plot for one of these tests is shown 
in Figure 12 below.  Figure 13 shows a similar plot for a test 
carried out in a calcareous sand deposit at Kwinana, to the 
south of Perth.  In addition to the creep behaviour, this also 
shows the accumulation of strain that occurs on repeated 
cyclic loading.  The aim is to use these types of tests to 
obtain parameters for a creep model for these soils, and also 
to allow the cyclic loading characteristics to be determined.
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Rheological Properties of Soft Soils

The rheological properties of soft slurries has been an area 
of research interest for Martin Fahey for some years, in 
the context of his work with colleague Andy Fourie from 
the Australian Centre for Geomechanics in the area of mine 
tailings.  This work is also finding application understanding 
the mechanics of very soft seabed sediments.  

Mud slurries are often described using Bingham-type models, 
where the rheological behaviour is characterised by an initial 
yield stress, with subsequent viscosity being shear-rate 
dependent.

Figure 17:  The business end of a Haake Vane Rheometer

Figure 14:  Effect of pH and solids content on the yield stress of 
a kaolin slurry

Figure 15:  Effect of pH and shearing rate on the viscosity of a 
kaolin slurry at 53.9% solids content

Figure 16: Laboratory technician Kristin Hunt directing 
undergraduate student Elena Penkova in the finer points of 
measuring rheological properties of a slurry using a Haake Vane 
Rheometer

Various types of device are available for determining 
rheological properties, and the one most used in COFS is a 
Haake Vane Rheometer.  In a recent undergraduate project, 
Goran Seat carried out an investigation of the rheological 
properties of kaolin under various conditions, which will be 
directly relevant to forthcoming work on submarine flow-
slides planned for the drum centrifuge.  Some typical results 
are shown below in Figure 14.

In Bingham-type models, the viscosity is a function of 
shearing rate, as illustrated in Figure 15.
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Pile Design

CPT based prediction of the shaft friction of displacement 
piles was a key part of James Schneider’s PhD thesis 
research under the supervision of Prof. Barry Lehane 
of UWA’s School of Civil and Resource Engineering. This 
work contributed in the development of the ‘UWA-05’ 
design method for displacement piles driven in sand, which 
was incorporated into the 2007 update of the ISO/API 
Recommended Practice.

Additional studies into (i) the influence of  partial consolidation 
during cone testing on τf/qc; (ii) the distribution of radial stress 
behind the pile tip; (iii) cyclic loading; (iv) the effect of time 
between installation and loading; (v) sand type and structure 
(cementation); as well as (vi) the potential for ‘minimum’ 
values of shaft friction; were performed in 2007. Analysis of 
the influence of sand type on the correlation between qc and 
τf was undertaken with Prof. Dave White, and summarised 
in a paper for the SUT in September (Figure 1).

Figure 2: Layout of UWA closed ended segmented model pile 
(SMP) and measured reduction in τf /qc behind SMP tip in the 
lightly cemented medium dense Shenton Park siliceous sand at 3 
to 4 days after installation

Figure 1: Inferred rapid degradation of shaft friction (i.e., c > 0.5) 
to a ‘minimum value’ for cemented and uncemented calcareous 
sands, and micaceous sands

Discussion of data and analyses were based on a general 
framework where pile shaft friction (τf) is related to cone 
tip resistance (qc) through a correlation which includes 
the influence of pile geometry and end condition. Three 
parameters, a, b, and c, are used in the framework to 
account for (i) the degree of unloading behind the pile/cone 
tip, (ii) the difference between open and closed ended piles, 
and (iii) the rate of reduction in local stress with continued pile 
penetration, respectively.
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While the framework describes mechanisms which apply in 
all conditions, different input parameters (a, b, and c) may 
be necessary for siliceous, micaceous, calcareous, and 
cemented sands, as well as silts and clays, reflecting the 
varying properties of these soils.

Soil behaviour during pile installation, equalization, and 
loading was identified through new experiments (i.e., Figure 
2) as well as by reviewing field data (i.e., Figure 1). New data 
was generated from model tests in the UWA centrifuges 
and from larger scale tests conducted in the field. Some key 
conclusions include:

•	 The	ratio	of	radial	stress,	or	shaft	friction,	to	cone	tip	
resistance continues to increase between h/D values of 8 
and the pile tip.

•	 Shaft	friction	appears	to	degrade	towards	a	minimum	
value, although that minimum is independent of the 
initial vertical effective stress (i.e., Kmin=’r,min/’v0 is not a 
constant). This occurs since unloading behind the pile tip, 
i.e., cavity contraction, is controlled by the ratio of the radial 
and hoop stress, not the ratio of radial and vertical effective 
stresses.

•	 The	ratio	of	radial	stress	(’r), and thus shaft friction, to qc 
is generally higher for soils with undrained cone penetration 
(i.e., ‘a’ is higher for sands as compared to NC clays, with 
‘silts’ having an intermediate value).

•	 The	ratio	of	radial	stress	to	cone	tip	resistance	reduces	
with height behind the pile tip, and this ratio is influenced 
by both pile diameter and the number / characteristics of 
the installation cycles (i.e., cyclic displacement normalized 
by diameter, c/D).

•	 Cementation	may	slightly	reduce	the	‘pre-fatigued’	radial	
stress immediately behind the pile tip (i.e., increase ‘a’), 
although, the more rapid cyclic degradation (i.e., ‘c’ 
parameter) in calcareous, micaceous, as well as cemented 
/ structured sands appears more important for correlations 
between qc (or fs) and τf.

•	 Cyclic	loading	of	‘unaged’	piles	tends	to	result	in	reduction	
of radial stress during cycling, although much of that radial 
stress is recovered during loading to failure. There may be 
some loss of ultimate capacity, although piles tend to ‘fail’ 
due to an accumulation of cyclic displacements.

•	 Pile	capacity	at	a	given	site	tends	to	increase	with	time.	
This trend is not unique for all sites, and is not even unique 
for the same site if piles have different end conditions 
or installation sequences (i.e., monotonic vs. cyclic 
installation, or hard driving vs. easy driving).

•	 Stress	equalization	is	not	the	only	mechanism	which	
influences increases in pile capacity with time, with, for 
example, the cementation of sand to the surface of mild 
steel piles shown in Figure 3.

•	 Shaft	friction	during	cyclic	loading	of	‘aged’	monotonically	
installed piles may degrade rapidly at high cyclic 
amplitudes (τcyc/τf > 0.8). The post cyclic shaft friction 
approaches the lower values of τf/qc observed for piles 
which had undergone cycling during installation.

Figure 3: Segments of a pile extracted 63 days after installation 
at Shenton Park (a) stainless instrumented section with no 
cemented sand; (b) mild steel section with sand cemented to pile 
surface
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Shallow Foundations

Bearing Capacity Under contained Loads

Susan Gourvenec used finite element analyses to 
investigate the effect of embedment and foundation shape 
on the undrained bearing capacity of shallow foundations 
under general loading. Embedment of shallow foundations 
is significant as coupling of the translational and rotational 
degrees of freedom leads to additional horizontal load and 
moment capacity. Figure 1a shows failure envelopes for 
undrained horizontal load and moment (HM, V = 0) for a 
surface foundation and foundations with embedment ratios 
d/B (embedment depth to foundation breadth) of 0.25, 0.5 
and 1. Increased ultimate horizontal load and moment (i.e. at 
M = 0, H = 0 respectively) with increasing embedment ratio 
is evident, as is the additional horizontal load and moment 
capacity over and above the ultimate limit state that can be 
mobilised when horizontal load and moment act together. 
Figure 1b shows the reduction in horizontal load and moment 
capacity with increasing vertical load for the case of the 
foundation with embedment ratio d/B = 1. The study not 
only quantified the additional vertical, horizontal and moment 
capacity available by embedding shallow foundations but also 
identified the kinematic mechanisms accompanying failure. 
Figure 2 shows the translational and rotational mechanisms 
observed at ultimate and maximum horizontal load and 
moment limit states. 

Foundation shape affects the kinematic failure mechanism 
that is mobilised in the soil mass and therefore also 
affects the ultimate load capacity.  Finite element analyses 
investigated the undrained bearing capacity of rectangular 
surface foundations with length to breadth aspect ratios 
(L/B) from 1 (i.e. square) to ∞ (i.e plane strain). The analyses 
showed that although vertical load and moment capacity 
were enhanced by three-dimensional effects (the horizontal 
load capacity is governed by simple sliding along the surface 
and is therefore independent of shape), the response 
under general VMH loading can be described by a unique 
expression in normalised load space.  Figure 3 shows the 
unique normalised failure envelope that was developed and a 
closed form expression in terms of normalised loads that was 
derived to define the shape of the failure envelope. Figure 1:  Failure envelopes for undrained general loading of 

surface and embedded foundations
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Susan Gourvenec and Mark Randolph 
have investigated consolidation around 
circular skirted foundations using finite element 
analyses. Consolidation around skirted 
foundations is significant as consolidation within 
the soil plug leads to longer consolidation 
times than would be experienced for a 
solid-plug foundation or embedded plate of 
equivalent embedment ratio. This affects the 
rate of settlements for foundations acting in 
compression or the duration over which passive 
suctions can be relied upon for foundations 
acting in tension. Figure 4 shows the excess 
pore water pressures developed in the vicinity 
of rough and smooth-sided skirted foundations 
with an embedment ratio (embedded depth 
to foundation diameter) d/D = 0.5. The rough 
skirts carry a portion of the applied load 
resulting in lower excess pore water pressures 
than for the smooth-sided foundation, which 
transmits all the applied load to the level of the 
skirt tips under one-dimensional conditions. 
Figure 5 shows the time history of dissipation 
of excess pore water pressure, measured 
under the foundation top-cap, for embedment 
ratios d/D = 0 (surface foundation), 0.15, 0.3, 
0.5 and 1 expressed in terms of the excess 
pore water pressure over the initial excess 
pore water pressure and dimensionless time 
factor T = cvt/ D

2, where D is the diameter of the 
foundation. The rough-sided foundations are 
affected in the short-term by the stress transfer 
Mandel-Cryer effect, but in the longer term show 
a slight time dependency on embedment ratio. 
The smooth surface foundation is affected by 
the Mandel-Cryer effect but the smooth-sided 
embedded foundations are not and exhibit 
a consistent increase in the time for excess 
pore water pressure dissipation with increasing 
embedment ratio. 

Figure 2

d/B = 0.25 

d/B = 1

Hult (M = 0) Hmax

Mult (H = 0) Mmax

d/B = 0.25 

d/B = 1

Figure 2:  Failure mechanisms under H and M loading for surface 

and embedded foundations

Figure 3:  Three-dimensional failure envelope for rectangular 

surface foundations under undrained general loading
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Figure 4: Contours of initial excess pore water pressures around 
circular skirted foundations, d/D = 0.5

Figure 4
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Figure 5:  Time history of dissipation of excess pore water 
pressures around circular skirted foundations

Susan Gourvenec continued investigation into the response 
of circular surface, buried and caisson foundations on sand 
under general loading in collaboration with Laura Govoni 
and Guido Gottardi from the University of Bologna, Italy. 
Finite element analyses have been carried out to back-
analyse drum centrifuge tests that were carried out at COFS 
when Laura was a PhD student visitor. A simple constant 
dilation, elastic-perfectly plastic constitutive model was 
used in this first stage of analyses although large strain 
deformations were considered in order to replicate the 
hardening observed during vertical load-displacement (V - 
w) in the centrifuge tests and a non-linear stiffness profile 
was back-calculated from the centrifuge test results of the 
vertical load-displacement response in conjunction with an 
empirical correlation for the change in stiffness with depth for 
normally consolidated sands. Figure 6 shows a comparison 
of the vertical load-displacement response (V-w) and Figure 
7 shows a failure envelope in normalised vertical load and 
moment space for the surface plate, buried plate and 

caisson foundation. Promising agreement was 
observed between the finite element analyses 
and the centrifuge test results, indicating that 
failure envelopes for shallow foundations on sand 
could be derived numerically, without requiring a 
highly sophisticated constitutive model. Further 
work is required to establish a complete three-
dimensional failure envelope (VHM) as well as 
to investigate the effect of representing stress-
dependent dilatancy.  

Figure 6
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Transient and Sustained Uplift

Susan Gourvenec, Mark Randolph and PhD student 
Hugo Acosta-Martinez continued their experimental study 
in the beam centrifuge on the behaviour of shallow skirted 
foundations under transient and sustained uplift. The initial 
testing program had considered concentric loading and in 
2007 the research plan was extended to take into account 
the effects of eccentric uplift loading and the presence 
of cracks separating a portion of the peripheral skirt from 
the soil. Some new developments were introduced in the 
physical model  to achieve these goals (Figure 8). Firstly, a 
jointed ball connection was used to apply eccentric load 

Figure 8:  Technical developments for centrifuge modelling of uplift capacity of shallow skirted foundations: (a) Eccentric uplift, (b) Setup 
for crack formation in flight

while keeping a rigid connection of the actuator and the 
foundation while allowing rotation of the foundation. This 
was complemented with an external LVDT to monitor the 
rotation of the foundation. Secondly, for the  tests involving 
cracking a complex setup comprising the simultaneous use 
of two actuators was developed in conjunction with a load 
cell capable of measuring bending. The arrangement allowed 
creation of a crack along the trailing edge of the footing by 
applying a horizontal load through vertical movement in the 
second actuator via a pulley system, while maintaining a 
constant vertical stress and a rigid connection of the main 
vertical actuator using a feedback loop with measurements of 
bending in the main load cell.
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The main features of the sustained-load response under 
concentric loading is summarised in Figure 9. A proportion 
of the uniaxial vertical uplift load, V/Vu, was applied over 
one year prototype time or in some cases until the relative 
displacement, w/D, exceeded a limiting criterion. Rates 
of displacement varied depending on the applied load, 
embedment ratio, consolidation conditions and previous 
loading history. Uplift loads up to 30% of the undrained uplift 
capacity, Vu, were maintained for weeks, and lower loads, 
10-15% of Vu, were sustained for months without significant 
displacement.

Figure 9:  Time dependent displacements under sustained uplift

A conceptual design to use shallow skirted foundations to 
support liquefied natural gas (LNG) terminals that might be 
buoyant after offloading was investigated applying cyclic 
sequences of unloading and loading. A stress history of a 
typical test is illustrated in Figure 11. The results showed 
that residual uplift displacements increased and average 
stiffness decreased as the number of cycles increased, but 
that undrained and sustained monotonic uplift capacity were 
enhanced by a preceding sequence of cyclic loading.

Figure 11:  Response of skirted foundations subjected to 
cyclic uplift loading: (a) typical stress history; (b) Stress and 
displacement time histories during cyclic loading sequences

The normalised load-displacement response during 
undrained concentric and eccentric uplift is presented in 
Figure 10 for tests with similar stress history and stress 
level. A reduction in undrained capacity as eccentricity 
increases from 0 (concentric) to 0.25 is observed, as would 
be expected. A plateau was clearly defined in all tests and 
an average normalised displacement of w/D = 3% - 4% was 
required to reach this ultimate limit state. 

Figure 10:  Normalised undrained response for eccentric uplift 
loading
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Punch Through of Spudcan Foundations

The potential ‘punch-through’ failure during installation is 
the major foundation problem for mobile jack-up platforms.  
Punch-through occurs when the spudcans (large conical 
footings of the jack-up units) are unexpectedly and 
uncontrollably push through a locally strong layer of soil, 
typical sand or stiff clay, into the underlying softer material 
during preloading.  Such failure can lead to buckling of the 
legs and even toppling of the unit, thus induces an enormous 
risk of safety and financial loss.

Postgraduate student Kok Kuen Lee investigated the 
behaviours of punch-through failure of spudcan on sand 
overlying clay soils under the supervision of Mark Cassidy 
and Mark Randolph with the supports from an ARC Linkage 
grant and industry partners Keppel Offshore and Marine 
Limited in Singapore.

A comprehensive centrifuge modeling programme was 
conducted in the year 2007 to simulate and investigate the 
punch-through phenomenon using the UWA drum centrifuge 
facilities.  In total, 25 circular footings and 5 spudcans 
penetration tests, together with 124 site-investigation 
penetrometers tests (114 balls, 4 T-bars and 6 cones) were 
performed in the drum centrifuge under the centrifugal 
acceleration of 200g.  Figure 12 shows the footprints of 
footings, cone and ball penetrometers of various diameters 
on the sand surface within the drum centrifuge channel after 
the penetration tests.   

Figure 12:  Footprints of footings, cone and ball penetrometers of 
various diameters after the penetration tests 

Figure 13:  A series of footing penetration profiles on similar sand 
thickness overlying clay soils

In order to achieve a better scaling of the ball penetrometers, 
the UWA Civil Workshop developed and fabricated three 
novel miniature ball penetrometers with 4mm, 5mm and 
6mm diameters respectively.  Figure 14 shows these novel 
miniature ball penetrometers.  They were made of epoxy 
and the strain gauge was embedded directly behind the ball 
during casting.  Figure 15 shows nine penetration profiles 
from the 5mm miniature ball penetrometer on sand overlying 
clay soils. Despite some variations, the graph indicates 
that the miniature balls performed very well in providing 
the peak loads in the sand layer.  It was also observed that 
the temperature shift of the ball between penetration and 
extraction was insignificant.

The centrifuge test program also consisted of 6 different 
sand thicknesses overlying slightly over-consolidated clay 
(OCR varied from 1.5 to 3), whereas the diameters of the 
model footings and spudcans ranged from 30mm to 80mm.  
Figure 13 shows a series of footing penetration profiles of 
various diameters on a similar sand thickness overlying clay 
soils.  The measured peak penetration pressures showed a 
consistent trend, which allowed us to examine the effects of 
footing size and sand thickness in details.
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Figure 15:  Nine penetration profiles from the 5mm diameter 

miniature ball penetrometer on sand overlying clay soils

0

20

40

60

80

100

120

140

160

-1500 -1000 -500 0 500 1000 1500 2000 2500 3000 3500 4000
q-ball (kPa)

D
ep

th
 (m

m
)

B5a
B5b
B5d
B5e
B5g
B5h
B5k
B5m
B5n

Currently, Kok Kuen is working on finite element analyses of 
the punch-through phenomenon. His focus is to reveal the 
punch-through mechanisms on sand overlying clay soils and 
establishes the ability of the soil investigation tools (typically 
ball penetrometers) in evaluating any punch-through potential.  
A conceptual model on the occurrence of the peak footing 
resistance on sand overlying clay soils will also be developed 
based on the centrifuge test results and the finite element 
model.
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Pipelines and Risers

As offshore hydrocarbon developments extend into deeper 
waters located further from shore, the pipelines and risers 
that link the production facility to the wells, the offloading 
point, and in some cases provide an export route to shore, 
represent an increasingly important part of the development 
infrastructure. COFS has devoted increasing attention to the 
geotechnical behaviour of pipelines, partly through major 
research projects including the SAFEBUCK JIP, the CSIRO 
Cluster Collaboration and the MERIWA JIP on submarine 
slide – pipeline interaction (which is described in the 
geohazards section of this report).

Dave White, Christophe Gaudin and Helen Dingle 
completed a programme of centrifuge modelling as part 
of the SAFEBUCK Joint Industry Project, managed by 
AtkinsBoreas in the UK. The test programme was designed 
to provide data to guide the development of new numerical 
and analytical models of pipe-soil interaction. These tests 
used the new high-speed feedback system on the beam 
centrifuge actuator to simulate large-amplitude pipe 
movements at constant vertical load. A novel dual-test format 
was used to obtain both high quality load-displacement 
data, and also high quality images of the soil deformation as 
the pipe section moved behind an observation window. PIV 
analysis of these images provided detailed quantitative data 
of the deformation mechanisms. 

In-flight images from these tests are shown in Figure 1 
and typical displacement fields evaluated using PIV and 
photogrammetry are shown in Figure 2. These indicate the 
mechanisms operative during pipeline breakout and large-
amplitude sweeping.

Figure 2:  Observed deformation mechanisms 
during lateral pipe movement (Dingle et al. 2008)

Figure 1:  Centrifuge modelling of lateral pipe-soil interaction

(a) At peak breakout resistance (b) Immediately post-peak

(c) Large-amplitude (residual) lateral sweeping: berm sliding
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Taking inspiration from the centrifuge observations, Mark 
Randolph, Dave White and Richard Merifield have 
established theoretical yield envelopes to describe the 
ultimate capacity of partially-embedded pipelines under 
combined vertical and horizontal loading in undrained 
conditions. Upper bound plasticity calculations have provided 
rigorous solutions for simple soil profiles. These solutions 
have been compared with finite element analyses, which 
have extended the study to capture the influence of soil 
weight and large deformation heave effects. Typical upper 
bound mechanisms are shown in Figure 3. Yield envelopes 
for undrained conditions that are curve fits to the FE and UB 
solutions are shown in Figure 4. Two models for the pipe-
soil interface have been considered in these analyses: a fully 
bonded interface that can sustain unlimited tension, and 
an unbonded interface that can sustain zero tension (which 
accounts for the opening of a crack at the rear of the pipe). 
The fully bonded case permits a shear stress of su to be 
mobilised tangential to the pipe-soil surface.

Figure 4:  Yield envelopes for partially embedded pipelines in clay (Merifield et al., 2008a, b, c)

Figure 3:  Upper bound plasticity mechanisms for pipelines (Randolph & White 2008)

The unbonded case leads to a V-H failure envelope which is 
approximately parabolic with the maximum horizontal load, 
Hmax, being reached at approximately V/Vmax = 0.4. There is 
a ‘frictional’ cut-off at low values of V/Vmax which is linked 
to a non-dissipative failure mechanism involving upwards 
movement of the pipe at a gradient parallel to a tangent to 
the pipe wall at the soil surface. Hmax is mobilised under purely 
horizontal movement, following normality. For the fully bonded 
case, Hmax is twice the value for the unbonded case. In the 
bonded case, identical soil deformation mechanisms are 
generated in front of and behind the pipe, with minimal soil 
flow below the pipe invert. In the no-tension case the rear half 
of the mechanism is not mobilised, halving the resistance.
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Simple curve fits based on a generalised parabolic shape 
allow these yield envelopes to be used in routine calculations 
related to pipe breakout. However, assessment of the 
pipe-soil interface condition – bonded or unbonded – for 
the soil type and loading rate under consideration remains a 
challenge. Experimental data show that the peak breakout 
resistance typically lies between the extreme conditions, 
closer to the unbonded case.

The yield envelopes can also be used to describe the 
movements at failure by invoking normality. For typical values 
of pipe weight and as-laid embedment, the load level in 
operation is on the ‘dry’ side of the unbonded envelopes 
(V/ Vmax < 0.4). In this case the movement at failure is upwards 
(once bonding is lost), leading to a reduction in resistance 
after breakout as the pipe rises towards the ground surface 
– known as ‘light pipe’ behaviour.  However, on soft normally 
consolidated clay the operating condition may be on the ‘wet’ 
side, particularly if the pipeline is a pipe-in-pipe system, with a 
double wall. In this case, the lateral resistance will rise sharply 
as the pipe embeds deeper into the soil – this is referred to as 
‘heavy pipe’ behaviour.

It is important to distinguish between these two forms of 
response in lateral buckling design. The brittle breakout of 
a ‘light’ pipe is usually followed by a steady rise in lateral 
resistance as the pipe pushed a berm of soil (Figure 2c). 
The resistance during this phase depends on the size of 
the berm, which depends on the swept distance and the 
pipe invert embedment. As the berm grows, the resistance 
rises. When the pipe changes direction the berm material is 
left behind, and is remobilised if the pipe passes that point 
during a subsequent cycle. Dave White and Johnny Cheuk 
proposed a simple model for this cyclic behaviour, based 
on the accumulation and deposition of berm material, with 
the current berm area acting as a hardening parameter that 
governs the passive resistance (Figure 5).

Figure 5:  Simplified modeling of cyclic lateral pipe-soil interaction (White & Cheuk 2008)

The soil deformation created as a pipe penetrates into the 
soil surface generates heave and causes the soil to be 
dragged down around the penetrating pipe. The heave 
has an influence on the penetration resistance due to the 
additional shearing required and the extra surcharge load. 
The drag down is important since it affects the strength of 
the soil in contact with the pipe during subsequent axial or 
lateral movement. Hongjie Zhou conducted finite element 
analyses of pipe penetration with the RITSS remeshing 
approach, to mimic these large deformation effects (Figure 
5).  His modeling incorporated a softening soil model with 
strain rate-dependent strength. The softening behaviour 
caused successive shear bands to be generated as the 
pipe penetrated vertically, matching observations from the 
centrifuge model tests.

The deformation mechanisms visualized using PIV during 
this work are sufficiently detailed to validate the kinematics 
generated in numerical or analytical modeling. Rather 
than validate only the boundary forces or displacements, 
it is possible to set the more challenging task of matching 
the internal deformation patterns. This enhanced utility 
of experimental modeling was one of the themes for a 
stream four sessions concerned with the ‘Confluence of 
Visualizations of Experiemental and Theoretical Mechanics’ 
held at the 2008 GeoCongress conference in New Orleans 
in early 2008, organized by Rodrigo Salgado – a previous 
visitor to COFS. The comparisons of experimental and 
numerical modeling of pipe-soil interaction – typified by 
Figure  6 – were used as an examplar of this theme in an 
invited paper authored by Hongjie Zhou, Mark Randolph and 
Dave White.
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(a) Centrifuge model test (b) Large deformation FE analysis

Figure 6:  Experimental and numerical visualizations of soil-pipe interaction (Zhou et al. 2008)

The vertical penetration of a pipeline followed by a large-
amplitude lateral sweep is also being studied using a large 
deformation finite element (LDFE) approach by Dong Wang. 
The large deformation analysis is based on ABAQUS to 
perform the small strain calculation and mesh-generation 
in each incremental step. For a pipeline penetrating into 
normally consolidated clay, deformation patterns based on 
ABAQUS-based and AFENA-based LDFE are compared in 
Figure 7 (the AFENA-based result is provided by Hongjie 
Zhou). Meanwhile, the vertical resistances from LDFE agree 
well with upper bound solutions by Randolph and White.

Figure 7:  Deformation pattern at embedment ratio of 0.45

Figure 8:  Displacement of pipeline and soil during lateral buckling

If pipelines move laterally under constant vertical force, 
the behaviour depends on the initial embedment, over-
penetration ratio, soil-pipeline contact and soil properties. 
LDFE can consider all these factors, with the capacity to 
predict the upwards or downwards pipe movement, leading 
to the growth of a soil berm during lateral movements. Since 
intermittent shear band shedding was observed in previous 
centrifuge tests, the effect of strain softening on the soil shear 
strength has also been included in the LDFE. Figure 8 shows 
the typical centrifuge test observations of the pipe sliding and 
accumulating a berm of soil is re-produced well by LDFE.
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In addition to the large deformation effects shown above, the 
embedment of seabed pipelines is influenced by the small-
amplitude oscillations that occur within the touchdown zone 
during laying. This motion is driven by the movement of the 
lay vessel and hydrodynamic excitation of the suspended 
length of pipe. The increase in as-laid embedment caused 
by these dynamic lay effects has a significant influence on 
various aspects of the performance of the pipeline.

A series of centrifuge model tests was conducted by Johnny 
Cheuk (University of Hong Kong) during a visit to COFS 
during August 2007. One aim of these tests was to assess 
the effect on the embedment of seabed pipeline of small-
amplitude horizontal oscillations, representing an idealized 
dynamic lay effect. Two clay samples were used – kaolin 
clay and a soft high plasticity clay recovered from a West 
African location and generously supplied to COFS by BP, 
courtesy of Andy Hill. During each test, a constant vertical 
load was applied to the model pipeline and packets of cycles 
of horizontal motion were applied, representing the pipe 
movement within the touchdown zone. 

The results demonstrated that a few (<5) small amplitude 
cycles (±0.05D) can double or triple the pipe embedment, 
and a number of cycles that might represent the entire lay 
process (~100) could increase the pipe embedment by up to 
eight times relative to the static embedment under the same 
vertical load. The amount of penetration is governed by the 
vertical load level relative to the bearing capacity, and the 
oscillation amplitude. Significant differences were observed 
between the two clays. The high plasticity clay was much 
more susceptible to softening and increased embedment 
under dynamic loading.

Matt Hodder, Dave White and Mark Cassidy have been 
studying the related issue of riser-soil interaction within the 
touchdown zone of a steel catenary riser (SCR). During the 
lifespan of an SCR, vessel motions due to environmental 
loading cause repeated penetration of the riser into the 
seabed within the touchdown zone (TDZ). Fatigue is a critical 
design issue, but the TDZ behaviour hampers assessment 
of the seabed stiffness due to the gross deformations of 
the seabed and the resulting soil remoulding and water 
entrainment.

Matt conducted a series of model tests in which the 
movement of a length of riser pipe was simulated within the 
beam centrifuge. In an example test, the pipe was cycled 
over a fixed vertical distance from an invert embedment of 
0.5 diameters to above the soil surface (Fig. 9a). The profile 
of initial penetration resistance matched closely the predicted 
resistance based on the intact soil strength. However, the 
resistance dropped rapidly with cycles, as the soil was 
remoulded. In contrast to a conventional cyclic T-bar test, in 
which the instrument remains buried throughout the cycles, 
this movement involved breakaway from the soil surface 

Figure 9:  Simulation of dynamic effects during pipeline laying

allowing water entrainment in addition to remoulding, causing 
a more dramatic reduction in soil strength compared to the 
cyclic T-bar sensitivity (Figure 9b). 

After two cycles, a trench is evident with no vertical 
resistance recorded until a depth of ~0.2D below the original 
soil surface. The steady profile of vertical resistance with 
depth is ‘banana-shaped’ (Fig. 10a). This represents an 
intermediate form of vertical pipe-soil behaviour, between 
the conventional linear spring model and the more recently-
developed ‘suction’ models, which assume comparable 
resistance during penetration and extraction (Fig. 11). The 
resistance comprises two components: a buoyancy term, 
which increases non-linearly with depth and always acts 
upwards, and a soil strength term, which opposes the pipe 
movement (Fig. 11c). 
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Matt’s tests identified that the contribution of buoyancy is 
particularly significant due to both the low remoulded strength 
of the soft clay, and also surface heave. An interesting 
consequence of surface heave is that Archimedes’ buoyancy 
expression within the bearing capacity equation must be 
modified. Unlike the water in Archimedes’ bath, the surface 
of the soil within which the pipe is being submerged is not 
flat but has heave, so the work that must be done lifting the 
displaced volume of the soil is increased. This adjustment 
of Archimedes’ buoyancy was also identified in a ‘eureka’ 
moment by Richard Merifield, Dave White and Mark 
Randolph, to explain surprising results from ABAQUS 
modeling of pipe penetration. 

Figure 11:  Idealisations of vertical riser-soil interaction on soft clay (Hodder et al. 2008)

(a) Cyclic vertical penetration resistance (b) Degradation of soil strength during vertical cycles

Figure 10:  Cyclic vertical riser-soil interaction on soft clay (Hodder et al. 2008)

(a) Linear elastic (b) Non-linear with soil ‘suction’  (c) Banana-shaped non-linear with buoyancy

Mark Randolph has been playing with analytical solutions 
for the response of steel catenary risers on a seabed 
modeled as linear springs, and also collaborating with Peter 
Quiggin, from Orcina Ltd (UK) over the development of a 
non-linear seabed model within their OrcaFlex software. 
Results that form part of a 2008 OTC paper are indicated 
in Figure 12 (for a linear seabed) and 13 (for the non-linear 
model).  In the latter figure, cyclic vertical motion of the riser 
leads to embedment of about four times the original static 
embedment (even allowing for the contact force multiplier).
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Hodjat Shiri has been investigating the numerical modelling 
of riser-soil interaction in the touch down zone for steel 
catenary risers. The aim is focused on developing an 
advanced non-linear model encompassing the effects 
of cyclic loading, soil softening and recovery due to 
consolidation through the course of a typical loading 
history. At this stage, a user-defined subroutine (UEL) has 
been implemented in ABAQUS to model the seabed-riser 
interaction, encompassing a non-linear backbone curve in 
compression, limited suction during uplift and a hyperbolic 
stiffness model (Figure 14). Future extensions will include 
trench development, with the overall objective being to 
assess the effects of non-linearity and trenching on the 
fatigue life of steel catenary risers.

Susan Gourvenec and Dave White have been working with 
student visitor Karoline Krost, from Darmstadt University, 
Germany, on consolidation around partially embedded 
pipelines using finite element analyses. A key issue for 

Figure 13:  Example non-linear seabed reponse

Figure 12:  Contact force ratio

deep-water pipelines is the accurate determination of the 
axial ‘frictional’ resistance between the pipe and the seabed. 
When a pipeline is laid on the seabed excess pore pressures 
are generated (Figure 15) such that the effective stress, and 
hence frictional resistance, is greatest once excess pore 
pressures have dissipated. Current industry practice for 
pipeline design specifies the axial resistance between a pipe 
and the seabed by multiplying the weight of the pipe by an 
empirically derived friction factor. A theoretical understanding 
of the mechanism and rate of excess pore pressure 
dissipation, and hence the development of effective stress 
with time following pipe laying, would allow explicit definition 
of the frictional resistance, and more reliable selection of 
an appropriate friction factor. This study has investigated 
the consolidation response around partially embedded 
pipelines to ascertain the rise in effective stress at the pipe-
soil interface between pipe laying and a pipeline becoming 
operational. 

In addition to pore pressure effects, the axial pipe-soil 
resistance is affected by the ‘wedging’ action created by 
the curved surface of the pipe, which causes the normal 
contact force between the pipe and the soil to exceed the 
pipe weight, enhancing the axial resistance. Figure 16a 
shows the enhancement factors, defined by the ratio of the 
normal (radial) effective pipe-soil force N’ (found by summing 
the effective stress around the pipe periphery), to the weight 
of the pipeline, V, (i.e. the vertical force due to the weight 
of the pipe). Values for pipeline embedment ratios d/D 
(embedded depth to pipe diameter) between 0.1 and 0.5 
are shown and compared with a strip footing, immediately 
following pipe laying and following full consolidation. Figure 
16b shows the development of the enhancement factor for 
pipeline embedment ratios d/D 0.2 and 0.5 as a function of 
dimensionless time factor T.

Figure 14 :  Riser-soil interaction model (Bridge et al. 2004)
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Figure 16:  Friction enhancement factors for partially embedded pipelines as 
a function of embedment ratio (d/D) and time factor (T)

Figure 15:  Contours of initial excess pore water pressures around partially embedded pipelines, expressed 
as a proportion of pipe weight V
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Meanwhile, for shallow water developments, where pipelines 
are often trenched and buried, the assessment of uplift 
resistance remains a challenge. Research by Dave White 
and Johnny Cheuk (University of Hong Kong) has examined 
the mechanisms of pipe uplift in sand. Experimentally-
observed failure mechanisms have guided the refinement 
of analytical solutions for pipe uplift, calibrated by a large 
database study. The displacement fields shown in Figure 16 
reveal the transition from a surface heave mechanism at 
peak uplift resistance to a combination of heave and flow 
around the pipe shoulders at larger displacements. A new 
limit equilibrium solution, adopting Bolton’s correlations to 
account for the variation in friction angle and dilatancy – and 
therefore the kinematics of the failure mechanism – has 
been proposed. 

Figure 17:  Pipe uplift mechanisms in sand (Cheuk et al. 2007)
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Wave-Pipe-Soil Interaction

Yinghui Tian is undertaking research of pipe-soil interaction, 
implementing macroelement force-resultant models (known 
as the UWAPIPE models) within both his own finite element 
program and ABAQUS (Figure 18). The motivation is to 
increase the modelling sophistication of simple frictional 
models. The macroelement approach, which has been 
increasing utilised in offshore engineering, encapsulates the 
overall behaviour of the entire pipe-soil system by relating the 
resultant forces directly to the corresponding displacement. 
Because the response of the pipe-soil system is expressed 

Figure 18:  Illustration of pipe-soil interaction methodology and structural elements

Figure19:  Two-surface kinematic hardening model

in a terminology consistent with pipeline mechanics, the 
significant non-linear behaviour of soil can be coupled directly 
to the numerical analysis of the pipeline. No special interface 
or contact elements are involved, allowing an effective and 
practical approach to pipe-soil interaction modelling. The 
UWAPIPE models, describe the 2D pipe-soil behaviour 
under combined vertical and horizontal loads, are used as 
footing elements to incorporate into FE programs. One of 
the UAPIPE model (two-surface kinematic hardening model, 
termed as Bubble Model) is illustrated in Figure 19. 
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Figure 20: 1.25km of pipeline configurations after 1s, 1hr, 2hr and 3hrs of cyclonic wave loads

Using the UWAPIPE model implemented into ABAQUS, 
Tian is providing numerical analysis to the Gorgon Upstream 
Joint Venture (working with George Zhang and Jonathan 
Woodward). Examples of pipeline displacements during a 
10-year storm are shown in Figure 19. 

1.25km of pipeline was modelled with the variation of wave 
loading along the pipe causing the calculated displacement. 
Yinghui’s numerical implementations include robust explicit as 
well as implicit integration algorithms, with details of these to 
be published at the 2008 ISOPE and OMAE conferences. 
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Geohazards

The installation of offshore infrastructure off the coast of 
Australia has proved challenging due to the problematic 
carbonate seabed soils, which are highly compressible and 
variably cemented. These difficulties drove the development 
of geomechanics research at UWA during the 1980s and 
1990s, leading to the Centre for Offshore Foundation 
Systems (COFS) being formed as a Special Research Centre 
by the Australian Research Council (ARC) over the period 
1997 to 2005.  

During that period COFS has established an outstanding 
reputation as the leading research groups in the world 
focusing on offshore geotechnical engineering, encompassing 
characterisation of seabed sediments, and the performance 
of foundation and anchoring systems for offshore facilities.  

The critical challenges for the future, as Australian 
developments move into water depths in excess of 1 km, 
include the assessment and mitigation of geohazards and 
safe routing of pipelines. Recognising this fresh challenge, 
COFS sought support from the State Government of 
Western Australia and was designated a State Centre of 
Excellence for the period 2005-10, with the aim of expanding 
our capabilities into deep-water geohazards and pipeline 
and riser mechanics, underpinning future deep-water 
developments. The State Centre of Excellence funding 
provides support for academic staff salaries and certain 
strategic research facilities including high speed photography 
on the geotechnical centrifuges. 

Submarine slide – pipeline interaction 
MERIWA-supported JIP

Submarine slides represent a major geohazard which is 
highly relevant to major developments currently planned 
offshore WA, and other projects in the Gulf of Mexico and 
elsewhere (Figure 1). During 2007, COFS initiated a Joint 
Industry Project focussing on the interaction between 
submarine slides and seabed pipelines, led by Dave White, 
Mark Randolph and Christophe Gaudin. This project is 
administered by the Minerals and Energy Research Institute 
of Western Australia (MERIWA) and is supported by six major 
oil and gas operators. Some of the funding from the CSIRO 
cluster collaboration project will also feed into this activity. The 
project kicked off in July 2007 and will be completed in June 
2010.

Deep-water hydrocarbon developments require pipelines 
to be routed up the continental slope in areas of changing 
seabed morphology and other geohazards. The viability of 
new deep water developments is increasingly dependent 
on the security of the pipeline tie-backs to shore, which can 

extend to more than 100 km and must safely negotiate the 
unstable regions of soft seabed around the steep continental 
shelf. This project addresses the technical challenges of 
assessing the effect of submarine slides on pipeline and 
subsea infrastructure, through new analytical and numerical 
‘run-out’ computations and novel centrifuge modelling. 

Submarine slides will be simulated in the geotechnical drum 
centrifuge, and the consequent loading on pipelines will 
be monitored. Back-analysis will be conducted using new 
numerical modelling techniques, which will be developed 
during this project. The results will be distilled into simplified 
procedures to aid the assessment of slide loading on 
pipelines.

A critical scientific goal is to link the parameters required for 
the design tools used to simulate existing seabed slides to 
the geotechnical parameters obtained through conventional 
site investigation methods. The absence of this link is 
currently viewed a major deficiency in quantitative slide 
hazard assessment.

Figure 1: Schematic of submarine slide – pipeline JIP activities

The project activities include:

•	 Centrifuge	modelling	–	Simulation	of	submarine	slides,	and	
the interaction of slides with pipelines

•	 Numerical	modelling	–	Development	of	new	modelling	
techniques for simulating the large-deformation process 
associated with slide run-out

•	 Back-analysis	–	The	centrifuge	and	numerical	modelling	will	
guide the development of simple methods to link in situ soil 
parameters to pipe loading created by slides       
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Centrifuge modelling of submarine landslides

During the initial phase months of the project, the 
development work necessary to simulate submarine slides 
within the UWA drum centrifuge has been initiated, in order 
to (i) measure the load on an exposed pipeline, (ii) measure 
the strength of the seabed and slide material and (iii) survey 
the debris geometry and seabed erosion. The concept of this 
experimental facility is shown in Figure 2. 

The long, narrow extent of the drum centrifuge working 
platform is particularly suited to the study of slide runout 
and the resulting interaction with infrastructure. To prepare 
the centrifuge for these experiments it has been necessary 
to upgrade the data acquisition system to a frighteningly 
powerful high-speed 64-channel 20 kHz (per channel) 
wireless auto-triggering system with 16GB of onboard 
storage – replacing out the old DOS-based LOG128 
program. The new data acquisition system was undergoing 
commissioning trials at the end of 2007, and we have the 
champagne on ice, ready to congratulate our technical staff 
John Breen, Tuarn Brown and Shane De Catania for 
providing us with a state-of-the-art data acquisition system 
that we anticipate will serve our centrifuges into the 22nd 
century.

Meanwhile, James Schneider joined the MERIWA project 
after completion of his PhD at UWA. He has developed 
and tested a family of sub-miniature T-bar penetrometers 
aimed at improving the resolution of our near-surface soil 
strength profiling capability. Back-analysis of James’ tests 
involving T-bars with diameter sin the range 2mm to 33mm 
indicates that the smallest device appears to provides 
reliable measurements of soil strength within 1 mm of the 
soil surface. Careful application of corrections for heave 
and buoyancy leads to measurements of soil strength with 
an accuracy of significantly less than 1 kPa. This capability 
will prove valuable in quantifying the softening behaviour 
associated with run-out of submarine slides, and any resulting 
erosion of the underlying seabed. 

Other equipment developed for this project includes a set of 
cantilever pressure sensors which will monitor the passive 
load imposed by the passing slide and a tower of pore 
pressure transducers which will monitor the imposed sub-
surface loading and changes in fluid pressure just above the 
seabed surface. Finally, the all-important triggering system 
was taking shape in the machine shop at the end of 2007.

Figure 2: Concept of drum centrifuge modelling of submarine slide – pipeline interaction
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Numerical modelling of submarine landslides

Numerical models are one of the tools used for estimation 
of pipeline geohazards. In particular, models of submarine 
landslides can provide information on the factors affecting the 
mass flow, and its impact on on-bottom pipelines. 

Two post-doctoral research associates were appointed to the 
numerical modelling roles within the MERIWA project – Dong 
Wang and Nathalie Boukpeti. Nathalie has been working 
on reviewing the various types of modelling approaches being 
proposed in the literature, emerging from fluid mechanics, 
granular flow dynamics, mixture theory, and geotechnical 
continuum mechanics. The following challenges have been 
identified: i) to model not only the flowing debris but also the 
deformation of the bed underneath, which hosts the pipeline, 
ii) to incorporate and assess the importance of certain 
features of material behaviour such as strain-softening, rate 
effect, effect of water content, diffusion properties, iii) to 
model material entrainment and deposition, iv) to account 

Figure 4: Submarine slide runout modelling using ABAQUS

for interaction with ambient water (e.g. hydroplaning, water 
entrainment and mixing, water pressure loading). 

These challenges will be addressed by Nathalie and Dong, 
via the development of submarine landslide models using 
ABAQUS, with the help of the expertise acquired over the 
years at COFS in large deformation finite element analysis, 
using both AFENA and ABAQUS. Dong has successfully 
exported the strain softening model and the remeshing-
updated scheme currently used at COFS from AFENA into 
ABAQUS. A benchmarking exercise confirmed that the 
two programmes gave identical results. The current activity 
within this part of the project is now focusing on identifying 
precisely what flow analyses can be conducted, using 
ABAQUS Implicit. The aim is to model the slide motion 
of a (deformable) block of debris material as it advances 
by tens of metres, potentially deforming the seabed and 
also interacting with a pipeline placed on the seabed or 
embedded by a small amount (Figure 4).

Figure 3: Seabed and field architectures of the Mad Dog 
field, Atlantis field, and Mardi Gras Export transportation 
system in the Southern Green Canyon area of the Gulf 
of Mexico (from Jeanjean et al., 2005)
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Slide Impact on Pipelines

Preliminary work to explore submarine slide impact on 
pipelines has been undertaken by Hongxia Zhu, a visitor 
from Tianjin University working with Mark Randolph and 
Dong Wang, using the AFENA FE code in conjunction with 
RITSS (Remeshing and Interpolation Techniques with Small 
Strain). The aim was to explore techniques for modelling the 
interaction of a submarine slide with a pipeline laid on the 
seabed at shallow embedment. 

A simple two-dimensional soil model with plane strain 
condition was employed in the analysis, as illustrated in 
Figure 5. The debris and seabed were modelled using 
six-noded triangular elements with three Gauss points 
and the soil was represented as a simple elastic, perfectly 
plastic material with Tresca failure criterion. The pipeline 
was modelled as plane linear elastic solid. An elastoplastic 
nodal joint element was employed to model the soil-pipeline 
and debris-seabed interfaces. The pipeline was constrained 
by sets of springs on each side of the pipeline, restraining 
rotation of the pipe segment and incorporating a non-linear 
response. 

Figure 5:  Geometry of seabed beneath debris flow with 
embedded pipeline and initial mesh

Figure 6:  Progressive stages of flow around the pipeline
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Load-controlled LDFE analyses were adopted in this study. 
The geostatic stresses of seabed were forced into equilibrium 
during the first 100 steps. Then a body force equal to 1/200 
of the debris self-weight was added at every load step 
and the finite element domain was re-meshed. After 100% 
of the debris self-weight had been added, an imposed 
displacement of 0.005 m was applied on the right boundary 
and the domain was re-meshed every step. Four cases 
were analysed according to different stiffness of springs. The 
flow of debris around the pipeline is shown in Figure 6a to 
Figure  6c.

The relative displacements of the pipeline and the debris 
toe are plotted in Figure 7, showing the effect of the spring 
stiffness. It may be seen that the ratio of pipeline to debris toe 
displacement decreases gradually as the debris displacement 
develops, and the results for different spring stiffnesses 
gradually converge.

Figure 8 shows the variation of resultant (net) pressure on the 
pipeline. For each case, the pressure on the pipeline reached 
a peak value when 100 % of the debris self-weight had been 
added. The smaller the spring stiffness the smaller is the peak 
value. Once the debris started to slide, the pressure began 
to decrease gradually, and  fluctuated within a certain range 
once the pipeline displacements stabilised. The pressure on 
the pipeline experienced larger fluctuations for the case of the 
smallest spring stiffness, caused by rotation of the pipeline 
in some steps. Even so, it seems that the final resultant 
pressures on pipeline for the four cases are similar (about 
60 kPa, or about 12 times the shear strength of the debris), 
regardless of the spring stiffness. This figure appears to be 
an upper limit on the average pressure exerted by the debris 
flow as it flows around the pipeline.  

Figure 7:  Ratio of pipeline to debris toe displacement

Figure 8:  Resultant pressures on the pipeline
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Jack-up Analysis

Three-dimensional physical and numerical modelling of 
jack-up structures under environmental loading

2007 saw the completion of Britta Bienen’s PhD thesis 
on the ‘Three-dimensional physical and numerical modeling 
of jack-up structures on sand’. The project involved 
experimental work on single footings and a 1:200 model 
scale jack-up as well as the development of an integrated 
environmental loading-structure-soil finite element analysis 
program (SOS_3D).

Figure 1:  Model jack-up and instrumentation for centrifuge tests

The single footing experiments (on the laboratory floor and 
in the centrifuge) provided information for the extension of 
an existing macro-element footing model to cater for all six 
degrees-of-freedom in space and parameter evaluation. The 
validity of the footing model for load paths experienced by 
jack-up spudcan footings was investigated experimentally 
using a model scale jack-up in the centrifuge. Finally, the 
predictive capacity of the finite element program was 
evaluated through class A predictions of the jack-up 
centrifuge tests.

After a short period in industry, Britta has re-joined COFS as 
a Research Fellow in January 2008.

Mehrdad Kimiaei has upgraded the existing Mark 
Cassidy‘s ABAQUS user element subroutine for nonlinear 
soil-structure interaction analysis of jack-up spudcans.  This 
upgraded user element subroutine can be implemented in 
three dimensional ABAQUS models using AQUA features 
for wave loadings on jack-ups. In this model, nonlinear 
soil-structure interaction is considered using Model B and 
Model C, work-hardening plasticity models developed by 
Martin (1994) and Cassidy (1999) respectively.  In addition 
to that, a comprehensive 3D jack-up model, using ABAQUS 
software, has been developed by Mehrdad Kimiaei which is 
able to handle material and geometrical nonlinear behaviour 
of structural elements of jack-ups in ultimate strength 
analysis. Mehrdad Kimiaei and Mark Cassidy are aiming 
to merge these two numerical models into an integrated 
comprehensive model for progressive collapse analysis of 
jack-up units due to extreme environmental wave loadings. 
Sensitivity of the jack-up responses to foundations behaviour 
and nonlinear behaviour of structural members can be 
studied using this model. 

Jack-up Installation Next to Existing Footprints

Melissa Landon, having just graduated from the University 
of Massachusetts Amherst, arrived at COFS in September 
rearing to (physically) supersize her experimental experience 
from the precise soil-element testing of her PhD to the 
somewhat larger footings of mobile jack-up platforms. 
Melissa has developed equipment to experimentally install 
a model three legged jack-up adjacent to existing footprints 
on the sea-bed. With previous experimental (and numerical) 
programmes concentrating on penetrating a single footing 
next to a footprint, Melissa accepted the challenge of 
providing a “controlled” installation of the entire three-legged 
platform. Using a hinged arm, the control system developed 
provides horizontal movement of the actuator during 
installation in order to maintain no moment loading on the 
arms bending cell.  This effectively displaces the hull during 
a purely vertically loaded installation.  Melissa’s experiments 
on overconsolidated Kaolin clay have concentrated on 
investigating the effects of (i) jack-up offset distance from 
existing single or multiple footprints; and (iii) changes in sea-
bed topography created using vertical and sloped walled 
augers versus combined changes in topography and shear 
strength resulting from previous footprint installations.

Melissa had accepted an Assistant Professor position in Civil 
Engineering at the University of Maine starting June 2007. 
We wish her well and look forward to continued “offshore” 
collaborations.
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Figure 2:  Undrained shear strength profiles measured after the creation of a spudcan footprint.

Figure 3:  Installation of three-legged jack-up next to footprints Figure 4:  Melissa’s experimental setup
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Installation of Subsea Modules

Installation of subsea modules has always been a major 
issue in engineering of subsea platforms.  As the world 
offshore oil and gas production moves to deeper fields, the 
need for more efficient and more economical deployment 
methodologies acquires increasing importance. Considering 
the current boom in subsea operations and serious 
restrictions for access to heavy lifting vessels in Australian 
waters, the availability of the proper deployment method for 
offshore installation jobs is one of the most important parts in 
subsea projects in Australia. 

Mehrdad Kimiaei, as a member of WAERA’s project on 
Compact Sub-sea Gas Processing Technology, is working 
on numerical models for installation of subsea modules.  
Mehrdad Kimiaei  has been working on numerical models 
for subsea installation jobs using Conventional Installation 
Method (CIM) and  Pendulous Installation Method (PIM) since 
2006.  In Conventional Installation Method, subsea platforms 
are lowered directly towards seabed through a steel wire 
rope form a floating vessel (Figure 1) whereas in Pendulous 
Installation Method, the pendulous motion is utilized for 
deployment of subsea modules (Figure 2). CIM is being used 
widely by offshore operators and installation contractors while 
PIM is a relatively new installation method which needs more 
investigation.  In CIM, the capacity of the lifting vessels and 
dynamically amplified loads are the major concerns while in 
PIM, overall stability and integrity of the module (particularly at 
early stages of the pendulous motion) are the most important 
issues.

Figure 1: Conventional Installation Method for deployment of 
subsea modules

A series of numerical analyses have been carried out in 
COFS for CIM in assessing the hydrodynamic forces, 
dynamic amplification factors (DAF) and possibility of snap 
forces in lifting wires when the subsea objects are passing 
through water surface zone. Results of these analyses 
were compared with DNV guidelines for subsea installation 
operations and it was found that existing guidelines for CIM 
sometimes may lead to very conservative estimations. Figure 
3 shows the crane hook load for one of those numerical 
studies. Results of this study have been accepted for 
presentation in the Marine Operation Specialty Symposium, 
to be held in Singapore in 2008. 

www.cofs.uwa.edu.au

91



Figure 2: Pendulous Installation Method for deployment of 
subsea modules

Mehrdad Kimiaei in conjunction with John Halkyard 
(Technip, Huston office) performed a series of feasibility study 
on PIM and free fall methods for deployment of a heavy dead 
weight anchors in ultra deep waters on rock type seabeds 
(Figure 4). Results of this study show that PIM, with some 
modifications, can be a feasible alternative for such subsea 
installation jobs as well. 

Sensitivity of PIM to main input parameters : (i) horizontal 
distance between barges (ii) ratio of pendulous line length (iii) 
hydrodynamic coefficient of subsea module,  were studied 
in 2007. These numerical studies will be continued on more 
comprehensive models in next stages of this research .  
Mehrdad Kimiaei  in conjunction with Krish Thiagarajan 
(WAERA) is preparing a case study for conducting laboratory 
tests at UWA in deployment of subsea modules using PIM 
and CIM in next year.

Figure 3: General trend of tension load in lifting wires for subsea 
installation jobs using CIM

Figure 4: Deployment of heavy dead weight anchors in ultra deep waters using PIM

92



Rock Mechanics

Just in case you thought COFS was only interested in 
soil, we have included some of our work on rock slopes 
and rock mechanics.  After spending many years at UWA 
Professor Boris Tarasov formally became a full-time member 
of COFS in 2006.  He is leading this work and we provide 
one of his recent papers “Paradoxes of hard rocks” in this 
annual report.  Boris has also designed numerous novel 
experimental apparatus for us, including our robotic upgrade 
in the beam centrifuge.  His mechanical skills have also been 
on recent display in our national broadcasters “New Inventors 
Program”.  

Paradoxes of hard rocks

B.G. Tarasov The University of Western Australia, Australia

M.F. Randolph The University of Western Australia, Australia

1 Introduction

Earthquakes and shear rupture rockbursts are phenomena 
associated with hard rocks and great depths. Hard rocks are 
mainly magmatic and metamorphic rocks with homogeneous 
and fine-grained structure, e.g. granite, basalt, quartzite, 
diabase, dolerite etc. Shear is the only form of rock mass 
rupture at depth that leads to large scale deformations 
accompanied by large energy release. Spontaneous 
development of new ruptures and reactivation of old 
ones cause earthquakes and rockbursts, but the detailed 
mechanics of shear rupture development is still enigmatic 
in many respects. Results of many observations associated 
with rock mass rupture in the earth crust come in conflict with 
modern understanding of rock properties at failure: 

i) Abnormally intense rupture violence implies some extra 
energy released the source of which is unknown;

ii) Absence of temperature increase at dynamic 
displacement along the rupture zone at great depth 
contradicts to normal frictional behaviour; 

iii) Increase in shear rupture activity and violence with 
depth, implying an increase in rock brittleness with rising 
confining pressure, is in contrast with the commonly 
accepted more ductile behaviour; 

iv) Abnormally low shear resistance of some existing faults 
contradicts to traditional views of residual rock strength 
based upon laboratory experiments;

v) Intersonic shear rupture speed (speed exceeding shear 
wave propagation) observed for crustal earthquakes is 
incomparable with high complexity and extreme damage 
of the rupture zone. 

The reason of all these and other paradoxes was recently 
revealed in the laboratories at COFS [1-4]. 

2  Features of hard rock properties

Using a specially designed super-stiff triaxial testing machine 
[http://www.cofs.uwa.edu.au/] it was established that hard 
rocks exhibit specific properties at high confining pressure 
that distinguish them markedly from common rock behaviour. 
Figure 1 illustrates schematically the difference in the post-
peak behaviour of rocks in accordance with a) common 
knowledge and b) the new observations from experimental 
data. The new data showed that at high confining pressure 
(exceeding some critical level σ3 > σ3

cr) hard rocks change 
their behaviour drastically: 

They become very brittle with brittleness (characterised here 
by angle γ) increasing with σ3.

The immediate post-failure resistance (∆σp-f) becomes very 
low and normal frictional residual strength (∆σres) is only 
mobilized after finite fault displacement.

Paradoxes of hard rocks 

B.G. Tarasov University of Western Australia, Australia 
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The reason of all these and other paradoxes was recently revealed in laboratories of COFS [1-4].  
 

2  Features of hard rock properties 
 

Using a specially designed supper stiff triaxial testing machine [http://www.cofs.uwa.edu.au/] it was 
established that hard rocks exhibit specific properties at high confining pressure that distinguish them 
markedly from common rock behaviour. Figure 1 illustrates schematically the difference in the post-peak 
behaviour of rocks in accordance with a) common knowledge and b) the new observations from 
experimental data.  
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Figure 1 Behaviour of hard rocks at different levels of confining pressure in accordance with 
a) common knowledge and b) new concept. 

Figure 1: Behaviour of hard rocks at different levels of confining 
pressure in accordance with a) common knowledge and b) new 
concept

3  Frictionless shear 

The specific post-peak properties of hard rocks at high 
confining pressure are caused by the intrinsic nature of the 
fault structure, which is an echelon of blocks separated 
by tensile cracks (see Figure 2). The blocked structure of 
shear ruptures is typical for all rocks, but the behaviour of 
this structure formed in soft and hard rocks is different. The 
fault displacement along such structures in soft rocks is 
accompanied by rotation, buckling and failure of the blocks. 
This generates normal friction within the fault which resists 
the displacement. The post-peak properties in this situation 
correspond to those shown in Figure 1a. Hard rocks exhibit 
similar post-peak behaviour at low confining pressure only.  
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At high confining pressures (σ3 > σ3
cr) the block behaviour 

of hard rocks changes dramatically. Under these conditions 
the development of long tensile cracks forming the blocks is 
suppressed, so that the fault structure comprises blocks that 
are short enough to withstand rotation without failure. This 
is possible in hard rocks only due to their very high strength. 
In this situation the blocks operate as hinges and friction 
between the fault surfaces essentially disappears. Figure 3a 
shows schematically a fragment of such a fault at four stages 
of its displacement. 

 
The new data showed that at high confining pressure (exceeding some critical level σ3 > σ3

cr) hard rocks 
change their behaviour drastically:  

i) They become very brittle with brittleness (characterised here by angle ) increasing with σ3. 
ii) The immediate post-failure resistance (Δσp-f) becomes very low and normal frictional residual 

strength (Δσres) is only mobilized after finite fault displacement. 
 

3  Frictionless shear  
The specific post-peak properties of hard rocks at high confining pressure are caused by the intrinsic 

nature of the fault structure, which is an echelon of blocks separated by tensile cracks (see Figure 2). The 
blocked structure of shear ruptures is typical for all rocks, however, the behaviour of this structure formed in 
soft and hard rocks is different. The fault displacement along such structure in soft rocks is accompanied by 
rotation, buckling and failure of the blocks. This generates normal friction within the fault which resists to 
displacement. The post-peak properties in this situation correspond to ones shown in Figure 1a. Hard rocks 
exhibit similar post-peak behaviour at low confining pressure only.   
 
                                               a)                                           b) 

 
 
Figure 2 Typical structure of shear ruptures: an echelon of blocks separated by tensile cracks.  
These ruptures were formed in quartzite at depth of about 2000 meters (from Ortlepp [5]). 

 
At high confining pressures (σ3 > σ3

cr) the block behaviour of hard rocks changes dramatically. 
Under these conditions the development of long tensile cracks forming the blocks is suppressed, so that the 
fault structure comprises blocks that are short enough to withstand rotation without failure. This is possible 
in hard rocks only due to their very high strength. In this situation the blocks operate as hinges and friction 
between the fault surfaces essentially disappears. Figure 3a shows schematically a fragment of such fault at 
four stages of its displacement.  

 

Figure 2: Typical structure of shear ruptures: an echelon of blocks 
separated by tensile cracks. These ruptures were formed in 
quartzite at a depth of about 2000 meters (from Ortlepp [5])
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Figure 3 Idealized concept of the frictionless fault displacement 

The fault resistance to shear in this case is a function of the block orientation to the fault axis (angle 
). The interrelation between fault resistance F', normal reactive force N' and angle β is shown in Figure 3b. 

Figure 3c demonstrates the variation of the normalized fault resistance (F'/N') versus angle . The range of 
angle  variation here is     180o -, where  = 30o is the angle of initial orientation of the tensile cracks 
in respect to the fault axis (as typically found for hard rocks). A dotted line on the graph represents the level 
of the normalized residual strength, corresponding to a coefficient of friction of 0.8 (typical for hard rocks). 

The model shows the fault resistance decreases with displacement and reaches zero resistance at 
point O, where  = 90o. At  > 90o the block structure under the effect of normal stress creates active forces 
assisting the shear displacement. These forces make the fault resistance negative (“negative friction”) over a 
certain displacement. When the blocks have completed their rotation at point P the friction within the fault 
structure is restored sharply and further displacement along the fault occurs in accordance with the friction 
law.  

The elimination of friction within the rupture zone makes failure process of hard rocks at high 
confining pressure inevitably spontaneous and extremely violent.  

 

4  The absence of temperature elevation and low fault strength 
The discussed frictionless mechanism explains abnormally low strength of some natural faults. The 

rotating blocks of some local fault zones after spontaneous failure can be arrested at stages where their 
resistance to shear is low or even negative, which makes the total fault resistance below the frictional level. 
Photographs in Figure 2 show the block structure with angle  of the block orientation in respect to the fault 
axis close to 90o. According to the model such block orientation corresponds to very low shear resistance. It 
should be emphasized that despite the capability of the block structure for creation of negative resistance the 
total post-failure resistance Δp.f (see Figure 1b) of real faults stays greater then zero (but significantly lower 
than the frictional residual strength Δres). This is due to highly non-uniform activation of the frictionless 
mechanism along the fault. One of the reasons for that is high non-uniformity of the fault thickness.  

Figure 3: Idealized concept of the frictionless fault displacement

The fault resistance to shear in this case is a function of the 
block orientation to the fault axis (angle β). The interrelation 
between fault resistance F’, normal reactive force N’ and 
angle β is shown in Figure 3b. Figure 3c demonstrates the 
variation of the normalized fault resistance (F’/N’) versus angle 
β. The range of angle β variation here is α ≤ β ≤ 180o -α, 
where α = 30o is the angle of initial orientation of the tensile 
cracks in respect to the fault axis (as typically found for hard 
rocks). A dotted line on the graph represents the level of the 
normalized residual strength, corresponding to a coefficient of 
friction of 0.8 (typical for hard rocks).

The model shows the fault resistance decreases with 
displacement and reaches zero resistance at point O, 
where β = 90o. At β > 90o the block structure under the 
effect of normal stress creates active forces assisting the 
shear displacement. These forces make the fault resistance 
negative (‘negative friction’) over a certain displacement. 
When the blocks have completed their rotation at point P the 
friction within the fault structure is restored sharply and further 
displacement along the fault occurs in accordance with the 
friction law. 

The elimination of friction within the rupture zone makes 
failure process of hard rocks at high confining pressure 
inevitably spontaneous and extremely violent. 

4  The absence of temperature elevation and low fault 
strength

The frictionless mechanism described explains the abnormally 
low strength of some natural faults. The rotating blocks of 
some local fault zones after spontaneous failure can be 
arrested at stages where their resistance to shear is low or 
even negative, which makes the total fault resistance below 
the frictional level. Photographs in Figure 2 show the block 
structure with angle β of the block orientation in respect to 
the fault axis close to 90o. According to the model such 
block orientation corresponds to very low shear resistance. 
It should be emphasized that despite the capability of the 
block structure for creation of negative resistance the total 
post-failure resistance ∆σp.f (see Figure 1b) of real faults stays 
greater then zero (but significantly lower than the frictional 
residual strength ∆σres). This is due to highly non-uniform 
activation of the frictionless mechanism along the fault. One 
of the reasons for that is high non-uniformity of the fault 
thickness. 

The absence of temperature increase during spontaneous 
fault development despite tremendous normal stresses 
affecting the fault at great depth is also explained by specific 
fault structure which eliminates friction in the fault zone.
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5  Abnormal rupture violence

Figure 4 shows the complete stress-displacement curve 
plotted for a dolerite specimen tested at σ3 = 150 MPa. The 
curve illustrates the reason for abnormal rupture violence. 
The energy released from the failed specimen is represented 
here by the coloured area. The yellow area symbolises energy 
released in accordance with the commonly accepted rock 
behaviour, where residual strength ∆σres is fully mobilized 
immediately after failure. The red area corresponds to 
additional energy released due to the frictionless rupture 
mechanism activation. The additional energy makes the 
rupture process approximately twice as violent. This is the 
source of abnormal rupture violence observed in natural and 
laboratory conditions.  

The absence of temperature increase during spontaneous fault development despite tremendous 
normal stresses affecting the fault at great depth is also explained by specific fault structure which eliminates 
friction in the fault zone. 

5  Abnormal rupture violence 
Figure 4 shows complete stress-displacement curve plotted for a dolerite specimen tested at 3 = 150 

MPa. The obtained curve illustrates the reason of abnormal rupture violence. The energy released from the 
failed specimen is represented here by the coloured area. Yellow area symbolizes energy released in 
accordance with the commonly accepted rock behaviour, where residual strength res is fully mobilized 
right after failure. Red area corresponds to additional energy released due to the frictionless rupture 
mechanism activation. The additional energy makes the rupture process approximately twice more violent. 
This is the source of abnormal rupture violence observed in natural and laboratory conditions.   
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Figure 4 Elastic energy released (collared area) from the dolerite specimen failed at 3 = 150 
MPa: yellow area is in accordance with common knowledge; red area is the additional energy released 
due to the frictionless mechanism. 

6  Increase in brittleness with confining pressure (or depth) 
 
Figure 5 allows explaining one more abnormal feature of hard rocks – the increase in brittleness with 

increase in confining pressure (or depth). It is known that increase in 3 decreases the tensile crack length in 
loaded rocks and consequently the length of blocks within the fault structure which makes the fault thinner. 
Post-peak curves in Figure 5 were reconstructed for two levels of fault thickness: h = 0.3 and 0,1 mm (see 
details in [1]). Shaded areas here correspond to rupture energy. These graphs show clearly the essence of the 
increasing brittleness, which results from a shortening of the rotating blocks. The shorter are the blocks, the 
less displacement is required to provide the same strength degradation and, consequently, the less power 
consuming is this process. The obtained result allows concluding that the ‘abnormal’ rock embrittlement 
with increase in 3 associates also with the frictionless mechanism. 
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Figure 5 Variation of post-peak energy consumption (shaded area) and brittleness (post-peak 
modulus) depending on the fault thickness.  

Figure 4: Elastic energy released (collared area) from the dolrite 
speciment failed at σ3 = 150 MPa: yellow area is in accordance 
with common knowledge; red area is the additional energy 
released due to the frictionless mechanism

6  Increase in brittleness with confining pressure (or 
depth)

Figure 5 allows explanation of a further abnormal feature 
of hard rocks – the increase in brittleness with increase in 
confining pressure (or depth). It is known that increase in 
σ3 decreases the tensile crack length in loaded rocks and 
consequently the length of blocks within the fault structure, 
which makes the fault thinner. Post-peak curves in Figure 5 
were reconstructed for two levels of fault thickness: 
h = 0.3 and 0,1 mm (see details in [1]). The shaded areas 
here correspond to rupture energy. These graphs show 
clearly the essence of the increasing brittleness, which 
results from a shortening of the rotating blocks. The shorter 
are the blocks, the less displacement is required to provide 
the same strength degradation and, consequently, the 
less power consuming is this process. The obtained result 
allows concluding that the ‘abnormal’ rock embrittlement 
with increase in σ3 associates also with the frictionless 
mechanism.

The absence of temperature increase during spontaneous fault development despite tremendous 
normal stresses affecting the fault at great depth is also explained by specific fault structure which eliminates 
friction in the fault zone. 

5  Abnormal rupture violence 
Figure 4 shows complete stress-displacement curve plotted for a dolerite specimen tested at 3 = 150 

MPa. The obtained curve illustrates the reason of abnormal rupture violence. The energy released from the 
failed specimen is represented here by the coloured area. Yellow area symbolizes energy released in 
accordance with the commonly accepted rock behaviour, where residual strength res is fully mobilized 
right after failure. Red area corresponds to additional energy released due to the frictionless rupture 
mechanism activation. The additional energy makes the rupture process approximately twice more violent. 
This is the source of abnormal rupture violence observed in natural and laboratory conditions.   
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Figure 4 Elastic energy released (collared area) from the dolerite specimen failed at 3 = 150 
MPa: yellow area is in accordance with common knowledge; red area is the additional energy released 
due to the frictionless mechanism. 

6  Increase in brittleness with confining pressure (or depth) 
 
Figure 5 allows explaining one more abnormal feature of hard rocks – the increase in brittleness with 

increase in confining pressure (or depth). It is known that increase in 3 decreases the tensile crack length in 
loaded rocks and consequently the length of blocks within the fault structure which makes the fault thinner. 
Post-peak curves in Figure 5 were reconstructed for two levels of fault thickness: h = 0.3 and 0,1 mm (see 
details in [1]). Shaded areas here correspond to rupture energy. These graphs show clearly the essence of the 
increasing brittleness, which results from a shortening of the rotating blocks. The shorter are the blocks, the 
less displacement is required to provide the same strength degradation and, consequently, the less power 
consuming is this process. The obtained result allows concluding that the ‘abnormal’ rock embrittlement 
with increase in 3 associates also with the frictionless mechanism. 

 
h = 0.3 h = 0.1

0

200

400

600

800

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Total axial deformation, mm

D
iff

er
en

tia
l s

tr
es

s,
 M

Pa

A

M

N

O

B

0

200

400

600

800

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Total axial deformation, mm

D
iff

er
en

tia
l s

tr
es

s,
 M

Pa

O

M

N

A

B

 
Figure 5 Variation of post-peak energy consumption (shaded area) and brittleness (post-peak 
modulus) depending on the fault thickness.  

Figure 5: Variation of post-peak energy consumption (shaded 
area) and brittleness (post-peak modulus) depending on the fault 
thickness

The absence of temperature increase during spontaneous fault development despite tremendous 
normal stresses affecting the fault at great depth is also explained by specific fault structure which eliminates 
friction in the fault zone. 

5  Abnormal rupture violence 
Figure 4 shows complete stress-displacement curve plotted for a dolerite specimen tested at 3 = 150 

MPa. The obtained curve illustrates the reason of abnormal rupture violence. The energy released from the 
failed specimen is represented here by the coloured area. Yellow area symbolizes energy released in 
accordance with the commonly accepted rock behaviour, where residual strength res is fully mobilized 
right after failure. Red area corresponds to additional energy released due to the frictionless rupture 
mechanism activation. The additional energy makes the rupture process approximately twice more violent. 
This is the source of abnormal rupture violence observed in natural and laboratory conditions.   
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MPa: yellow area is in accordance with common knowledge; red area is the additional energy released 
due to the frictionless mechanism. 
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loaded rocks and consequently the length of blocks within the fault structure which makes the fault thinner. 
Post-peak curves in Figure 5 were reconstructed for two levels of fault thickness: h = 0.3 and 0,1 mm (see 
details in [1]). Shaded areas here correspond to rupture energy. These graphs show clearly the essence of the 
increasing brittleness, which results from a shortening of the rotating blocks. The shorter are the blocks, the 
less displacement is required to provide the same strength degradation and, consequently, the less power 
consuming is this process. The obtained result allows concluding that the ‘abnormal’ rock embrittlement 
with increase in 3 associates also with the frictionless mechanism. 
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modulus) depending on the fault thickness.  
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7 Shear rupture propagation in hard rocks

The structure of any shear rupture (fault) is the same – an 
echelon of rotating blocks separated by tensile cracks. 
However, mechanisms of the rupture propagation 
accompanied by the formation of the block structure can be 
different. Two basic forms of the shear rupture propagation 
were recognised: wave-like and jump-like rupture propagation 
[2]. 

The wave-like rupture mechanism responsible for the 
formation of primary fractures which are thin and continuous 
formations with thickness ranging from fractions of a 
millimetre to a number of millimetres. Figure 6 illustrates 
new principles of the primary fracture development. 
Figure 6a represents a potential fault before the onset of 
its development. The eventual fault structure, comprising 
an echelon of blocks, does not exist initially, but will be 
created (activated) sequentially during the fault development. 
Orientations of major σ1, minor σ3, shear τ and normal σn 
stresses applied to the material body are shown in the 
picture. 

7 Shear rupture propagation in hard rocks 
 
The structure of any shear rupture (fault) is the same – an echelon of rotating blocks separated by 

tensile cracks. However, mechanisms of the rupture propagation accompanied by the formation of the block 
structure can be different. Two basic forms of the shear rupture propagation were recognised: wave-like and 
jump-like rupture propagation [2].  

The wave-like rupture mechanism responsible for the formation of primary fractures which are 
thin and continuous formations with thickness ranging from fractions of a millimetre to a number of 
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potential fault before the onset of its development. The eventual fault structure, comprising an echelon of 
blocks, does not exist initially, but will be created (activated) sequentially during the fault development. 
Orientations of major 1, minor 3, shear  and normal n stresses applied to the material body are shown in 
the picture.  
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Figure 6 Idealized model of shear fracture propagation governed by the fan-shaped mechanism. 

 
Five stages of the fault development are shown here. When shear stress approaches the level of 

ultimate shear strength the process of formation of the fault structure will start within the most suitable area 
of the material body determined by the local material strength and stress conditions. This process involves 
creation of tensile cracks and blocks between them and rotation of the blocks in response to the fault 
displacement. In accordance with the frictionless concept blocks representing the fault structure can rotate 
from the initial angle β =  up to the final angle β = 180o - , where  is the angle of initial orientation of the 
tensile cracks (and blocks) in respect to the fault axis. At the rotation a series of blocks eventually forms a 
fan-shaped structure at the head part of the propagating fracture (Figure 6f).  

The fan-shaped mechanism is the only possible mechanism which can provide the block rotation at 
shear in the initially solid medium. The remarkable feature of the fan-shaped head is the fact that it 
represents a self-equilibrating structure. Reactive and active forces created under the effect of normal stress 
within the front and back half of the head equilibrate each other. Thus the fan-shaped head can move as a 
wave, propagating the fracture under the action of relatively small shear stresses. It can create curvilinear 
shear fractures moving independently on the core zone which stays behind the fan-shaped head. The fault 
structure behind the fan-shaped head is represented by blocks that have completed their rotation. Within this 
(core) zone the friction is completely restored and the fault strength here is characterized by normal frictional 
resistance.   

Figure 6: Idealized model of shear fracture propagation governed 
by the fan-shaped mechanism

Five stages of the fault development are shown here. When 
the shear stress approaches the level of ultimate shear 
strength the process of formation of the fault structure will 
start within the most suitable area of the material body, 
determined by the local material strength and stress 
conditions. This process involves creation of tensile cracks 
and blocks between them and rotation of the blocks in 
response to the fault displacement. In accordance with the 
frictionless concept blocks representing the fault structure can 
rotate from the initial angle β = α up to the final angle 
β = 180o - α, where α is the angle of initial orientation of the 
tensile cracks (and blocks) in respect to the fault axis. At the 
rotation a series of blocks eventually forms a fan-shaped 
structure at the head part of the propagating fracture (Figure 
6f). 

The fan-shaped mechanism is the only possible mechanism 
that can provide the block rotation at shear in the initially solid 
medium. The remarkable feature of the fan-shaped head 
is the fact that it represents a self-equilibrating structure. 
Reactive and active forces created under the effect of 
normal stress within the front and back half of the head 
equilibrate each other. Thus the fan-shaped head can move 
as a wave, propagating the fracture under the action of 
relatively small shear stresses. It can create curvilinear shear 
fractures moving independently on the core zone which 
remains behind the fan-shaped head. The fault structure 
behind the fan-shaped head is represented by blocks that 
have completed their rotation. Within this (core) zone the 
friction is completely restored and the fault strength here is 
characterized by normal frictional resistance.  

The jump-like rupture mechanism is responsible for the 
formation of general faults which are complex discontinuous 
systems comprising primary fractures, segments, junctions, 
overlap regions, and other geometrical complexities (see 
Figure 2b). The essence of this mechanism is the advanced 
triggering of new ruptures which propagate bilaterally, both 
towards the current fracture and in the opposite direction. 
The two approaching fractures meet and normally form an 
overlapping zone. When the overlap reaches some critical 
length the overlapping zone has separated into rotating 
blocks by the creation of tensile cracks resulting from shear 
along the overlapping zone (see detains in [2-4]). Hence, 
linkage zones between segments represent special joining 
shear fractures, comprising an echelon of rotating blocks, as 
is typical for all types of shear fractures. Unlike primary shear 
fractures the joining fractures are formed simultaneously due 
to shear within the overlap zone. In contrast with primary 
fractures, the joining factures are relatively short and thick. 

 The jump-like rupture mechanism is responsible for the formation of general faults which are 
complex discontinuous systems comprising primary fractures, segments, junctions, overlap regions, and 
other geometrical complexities (see Figure 2b). The essence of this mechanism is the advanced triggering of 
new ruptures which propagate bilaterally, both towards the current fracture and in the opposite direction. The 
two approaching fractures meet and normally form an overlapping zone. When the overlap reaches some 
critical length the overlapping zone has separated into rotating blocks by the creation of tensile cracks 
resulting from shear along the overlapping zone (see detains in [2-4]). Hence, linkage zones between 
segments represent special joining shear fractures, comprising an echelon of rotating blocks, as is typical for 
all types of shear fractures. Unlike primary shear fractures the joining fractures are formed simultaneously 
due to shear within the overlap zone. In contrast with primary fractures, the joining factures are relatively 
short and thick.  
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Figure 7 Jump-like fault propagation due to advanced rupture triggering 
 

Advanced triggering of new faults allows understanding the formation sequence of general faults 
with very complicated structure and explain the phenomenon of the fault segmentation. Figure 7 presents 
seven stages of development of the fault, the photograph of which is shown in Figure 2b. A reduced copy of 
this photograph is located in the top right corner in Figure 7. The fault propagates upwards from the bottom 
and involves a number of primary fractures with significantly developed overlap zones. Contours of this fault 
are shown in the picture by dotted lines with bold arrows representing primary fractures, open arrows 
indicating the direction of shear and shaded areas representing joining fractures with a corresponding block 
structure. The orientation of rotating blocks of the fault structure relative to the fault axis is approximately 
the same in the diagram and in the photograph. Asterisks indicate centres of initiation of advanced triggered 
fractures.  

At stage-I a dynamically propagating primary fracture triggers an advanced fracture, the further 
development of which is shown at stage-II. This new fracture (as well as all further triggered fractures) 
propagates bilaterally towards the current fracture and in the opposite direction. This fracture in turn triggers 
the next advanced fracture shown at stage-III. At this stage the length of overlapping zone between the two 
bottom fractures has reached the critical value and the first joining fracture is created. The process of 
creating the joining fracture involves dynamic shear accompanied by jump-like displacement within this 
zone and stress relaxation in the surrounding area. Further fault development occurs through repetition of 
similar stages. Both processes governing the general fault development – advanced triggering and the 
formation of joining fractures – have a jump-like character.  

Hence, jump-like propagation for general faults and wave-like (fan-shaped wave) propagation for 
primary fractures are two different natural forms of shear fracture development. Important that the advanced 
triggering mechanism triples the propagation speed of the general fault compared with the speed of primary 
fractures involved in the fault. Hence, to reach a speed of 5 km/s by the general fault the speed of primary 

Figure 7: Jump-like fault propagation due to advanced rupture 
triggering
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Advanced triggering of new faults allows understanding 
the formation sequence of general faults with very 
complicated structure and also explains the phenomenon 
of fault segmentation. Figure 7 presents seven stages of 
development of the fault, the photograph of which is shown 
in Figure 2b. A reduced copy of this photograph is located in 
the top right corner in Figure 7. The fault propagates upwards 
from the bottom and involves a number of primary fractures 
with significantly developed overlap zones. Contours of 
this fault are shown in the picture by dotted lines with bold 
arrows representing primary fractures, open arrows indicating 
the direction of shear and shaded areas representing 
joining fractures with a corresponding block structure. The 
orientation of rotating blocks of the fault structure relative to 
the fault axis is approximately the same in the diagram and 
in the photograph. Asterisks indicate centres of initiation of 
advanced triggered fractures. 

At stage-I a dynamically propagating primary fracture triggers 
an advanced fracture, the further development of which is 
shown at stage-II. This new fracture (as well as all further 
triggered fractures) propagates bilaterally towards the current 
fracture and in the opposite direction. The fracture in turn 
triggers the next advanced fracture shown at stage-III. At 
this stage the length of overlapping zone between the two 
bottom fractures has reached the critical value and the first 
joining fracture is created. The process of creating the joining 
fracture involves dynamic shear accompanied by jump-like 
displacement within this zone and stress relaxation in the 
surrounding area. Further fault development occurs through 
repetition of similar stages. Both processes governing the 
general fault development – advanced triggering and the 
formation of joining fractures – have a jump-like character. 

Hence, jump-like propagation for general faults and wave-
like (fan-shaped wave) propagation for primary fractures are 
two different natural forms of shear fracture development. It 
is important that the advanced triggering mechanism triples 
the propagation speed of the general fault compared with 
the speed of primary fractures involved in the fault. Hence, 
to reach a propagation speed of 5 km/s for the general fault 
the speed of primary fractures should be about 1.7 km/s. 
This mechanism explains the paradoxical combination of 
intersonic speed and severe damage of the rock mass within 
the fault zone, as observed in earthquake ruptures.
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Rock Slopes

PhD student Anjui Li is undertaking a study under the 
supervision of Richard Merifield that has used the finite 
element upper and lower bound limit analysis methods to 
perform the stability charts for rock slopes based on the 
Hoek-Brown failure criterion. His initial work considered 
the static stability of a rock slopes but more recently has 
addressed the effects of earthquakes. In seismically active 
regions, earthquakes are a major trigger for instability of 
natural and man-made slopes. Therefore, seismic effects are 
essential design considerations for slope stability, retaining 
walls, bridges and other engineering structures. In order to 
include the earthquake effects on the rock slope stability, 
the conventional pseudo-static (PS) approach is employed. 
In the PS method, the earthquake effects are simplified as 
horizontal and/or vertical seismic coefficients (kh and kv) 
whose magnitudes are expressed in terms of a percentage of 
gravity acceleration.

The problem analysed is shown in Figure 1 where the jointed 
rock mass has an intact uniaxial compressive strength σci, 
geological strength index GSI, intact rock yield parameter 
mi, and unit weight γ. The seismic force is assumed as 
a horizontal internal body force and its magnitude is 
represented by the horizontal seismic coefficient (kh). The 
direction of khW, is considered to be positive when acting 
outward with respect to the slope.

The chart solutions of average stability numbers (N) from the 
upper and lower bound analyses are displayed in Figure 2  in 
which a range of numerical approaches are used. Figure  2 
only accounts for the horizontal seismic coefficient (kh). The 
triangular and cross symbols in Figure  are the solutions 
obtained by using the limit equilibrium method and tangential 
method proposed by Yang et al. (2004), respectively, which 
are performed for comparison and verification purposes. 
It can be seen that the stability numbers of the tangential 
method has been overestimated significantly for larger GSI. 
Figure 3 is a comparison of stability number with and without 
seismic effects for slope angle β = 45º. Understandably, 
when the PS force acts toward the slope, this was found to 

increase the stability of the slope as seen in Figure 3. It can 
be observed that N increases with increasing kh. In addition, 
the factor of safety is found to decrease by 30% (mi = 5) or 
more when kh increases by 0.1 for all slope angles. 

In general, the modes of failure consisted of shallow toe type 
mechanisms for all analyses. Based on the observations 
of the upper bound plastic zones, the potential failure 
surface is almost independent of the magnitude of kh for a 
given geometry and rock strength parameters. Referring 
to the problem of slope stability, Anjui’s studies in 2007 
concentrated on investigating the disturbance of rock masses 
which can be induced by excavating or blasting. 

Figure 1:  Slope stability of rock masses – problem definition

Figure 2:  Finite element limit analysis solutions of stability 
numbers (β = 45º and kh = 0.1)

Figure 3:  Comparisons of stability numbers between the static 
and pseudo static analyses (β = 45º)
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Who is faster?

All animals (e.g. all types of cats, dogs, antelopes, etc.) 
aiming to run with the maximum speed use the same 
principle: they utilize the power of all the strongest muscles 
(legs and body) in a jump-like motion. The full body work is 
the necessary condition for the achievement of maximum 
speed. The principle involved in Boris’s bike is the same: 
jump-like motion with the power utilization from all major 
muscle groups (legs, arms, back, abdomen, and buttock) 
simultaneously through their full range of motion. 

The involved motion looks like a traditional rowing motion. 
However, unlike traditional rowing the principle of the force 
application and the power utilization used in the bike is 
significantly more efficient. A rower applying forces to two 
elements only (pedal and handle) is not able to realize the 
full force capacity of the legs, which are twice stronger than 
arms. In this schema the force developed by legs is restricted 
by the force capacity of arms. The use of the third element 
for the force application (a back rest) in the bike allows 
mobilizing the full power of legs and other major muscles 
despite the difference in their force capacity. Furthermore, the 
return stroke, which is normally passive in traditional rowing, 
is activated in the bike. The drive mechanism involved in the 
bike transmits the power with maximum possible efficiency to 
the drive wheel. All this makes the bike potentially the fastest 
possible vehicle pedalled by human power. Due to this Boris 
believes that bikes of similar principles will be involved in 
the future in programs of all first-rate competitions including 
Olympic Games.  

“The New Inventors” Bike champion – Professor Boris Tarasov

Boris’s bike is an excellent exercise machine for people 
of all ages. This is the only bicycle in the world that allows 
exercising of all major muscles for very young children 
(starting from four years) – and they do this with great 
pleasure. The bike was recently featured on television in the 
ABC program “The New Inventors”.

Boris’s granddaughter Alisa enjoys riding the bike
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Meeting the PM

Susan Gourvenec and Dave White met Kevin Rudd, Prime 
Minister of Australia, and Peter Garrett, Environment 
Minister, while they were on holiday at the Great Barrier 
Reef in Queensland (Kevin and Peter were hard at work 
campaigning). 

Susan Gourvenec and Dave White meeting Kevin Rudd, Prime 
Minister of Australia (Kevin is telling Susan that the new Australian 
Government will fully support the work of COFS) 

COFS Utd team

Soccer

by Ivan Kenny

The Inaugural COFS v Civil Soccer Match was held in 
November 2007.

This Match was long overdue as many within the School and 
COFS were eager to settle a long standing but unspoken 
view that in the area of Sporting ability there was Superiority.

For COFS part they did not have the star names of Doherty 
and Helinski but did have the intangible quality of team play 
and commitment.

As the game progressed on a beautiful late spring evening it 
was obvious that this would be a battle of skills over passion.  
After several chances to Civil thwarted in the main by our 
Captain Goalkeeper (Mehrdad) an opportunity came from a 
great run by Marc Senders, through the centre followed by 
a perfectly timed pass to our loan sticker Khader, who coolly 
put the ball past Schneider in the Civil goal to give COFS the 
lead.

The script writer wasn’t finished yet.  After sustained pressure 
on the COFS goal which lead to a corner there was an 
apparent handball (I am reliably informed the culprit was only 
protecting his head) and this resulted in a penalty to Civil.

It is at these times we rise or fall to the pressure of the 
moment and fortunately for me and COFS Mehrdad stood tall 
and saved a brave effort from Matt Helinski.

I look forward to the 2008 Match and thank all those who 
played and supported.

Final score:  COFS Utd 1 – Civil City 0. 

Civil City team

Social and Awards page
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COFS success in Postgraduate Research Travel 
Awards for 2008

PhD students from COFS obtained three out of 17 
Postgraduate Research Travel Awards from the UWA 
Graduates Association. These awards provide assistance 
for overseas travel to augment their research and maintain 
collaborative efforts of COFS with other institutions. Hugo 
Acosta-Martinez will attend the ISOPE-08 in Vancouver 
and will visit the University of Texas at Austin and Texas 
A&M to present his research on response of skirted shallow 
foundations under combined transient and sustained 
uplift loading. Han Eng Low will visit the NGI to extend his 
research on application of penetrometers in characterization 
of deep water soils, while Matthew Hodder will attend ICOF 
and OMAE conferences and will carry out tests in Oxford 
University related with modelling of riser-seabed interaction 
and subsequently safely predict the fatigue lives of steel 
catenary risers.

Hugo and Sofia Varga 
Hugo, Mark Randolph and Han Eng

Hugo and Han Eng with their award

www.cofs.uwa.edu.au
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It is with great sadness that we mark the passing of Natalia 
Kroupnik, technician in the Geomechanics Laboratory of 
COFS, who died on 28 January 2007.

Natalia (Natasha) was born in 1956 in Moscow in the then 
USSR. Her father was a geologist and mother a hydrologist. 
In 1982 she graduated from Moscow State University with 
a bachelor degree in Geoscience.  She subsequently held 
various positions in Moscow in hydrogeology and computer 
programming, before emigrating to Australia with her family in 
October 1992. In the following eight years, she worked for a 
number of analytical laboratories, mainly in the gold industry. 
Since arriving in  Australia, she has worked as a translator/
interpreter for the Australian Government Department of 
Immigration.

Natasha began working for COFS on 3 May 2000.  In 
recent years, we have been extremely fortunate in our staff 
recruitment, and it quickly became obvious in this case that 
we had been so again.  In a very short time, Natalia showed 
the tremendous ability, work ethic and organisational skill, 
that were features of her time with us. She had an enormous 
capacity for work, which she always did with tremendous 
grace and calm, and an unfailing sense of humour and 
optimism.  She was an integral part of the “team” in the 
COFS laboratory during the busiest period the laboratory has 
ever experienced.  

Outside of work, Natasha liked travelling, sightseeing, and 
bushwalking. But most of all she liked helping people. In her 
role as interpreter for the Immigration Department, she came 
in contact with most of the new Russian immigrants as they 
arrived in Perth, and was a great source of help and advice 

for many of them.  For a number of years, she was librarian of 
a Russian library, and during her time in this role managed to 
increase the number of books and movies held by the library.  
She also actively participated in many of the activities of the 
Russian community in Perth.  Through all of these activities, 
she became very widely known throughout the Perth Russian 
community, and earned the liking and respect of all who 
came in contact with her. As Professor Boris Tarasov, a 
fellow-Russian and a colleague at COFS put it: “I know that 
she was maybe the most famous person in the Russian 
community”.

She died while bushwalking near Kalbarri, WA, on the 
Australia Day long weekend in January 2007.  She is sorely 
missed by all those who worked with her, or came in contact 
with her in any way, but most of all by her family. She is 
survived by her husband Vladimir, and her (adult) children 
Andre and Sasha.

We leave the final word to a Russian poet  (Я. Смеляков):

“От морей и от гор веет свежестью, веет прохладой. 

Раз посмотришь – почувствуешь: вечно ребята живем!

Не больничным от вас ухожу я, друзья, корредором,

Ухожу я, товарищи, сказочным Млечным Путем.”

“Among the gum trees”

One of Natasha’s passions in life was walking in the 
“bush”, as here in the Kimberley in the North of WA.

Natasha at Karri Valley Resort, Pemberton, WA

Vale – Natalia Kroupnik
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STATEMENT OF FUNDS AND EXPENDITURE

for the year ended 31 December 2007

       

FUNDING      

       

2007 Funds Carried Forward   $762,589.20  

       

Commonwealth Government Funds    

Research Quantum   $583,114.57   

ARC Grants   $762,494.00   

CSIRO Flagship Collaboration Fund $355,926.10 $1,701,534.67  

       

Industry/Private Funds    $2,390,111.36  

       

Host Institution Support   $270,742.32  

      

State Government    $147,707.34  

       

Other Income    $407,920.49  

       

Leave Provision    $43,697.14  

       

TOTAL FUNDS AVAILABLE    $5,724,302.52

       

       

EXPENDITURE      

       

Salaries      

Academic Staff   $1,343,889.11   

   Non-Academic Staff   $1,223,738.09   

   Scholarships and Scholarship Supplements $190,298.76   

   Incidentals   $6,209.22 $2,764,135.18  

       

Equipment    $788,032.21  

       

Travel & Conference Expenses   $155,505.98  

       

Consumables    $12,245.08  

       

Other Expenses    $343,886.06  

       

TOTAL EXPENDITURE     $4,063,804.51

       

CARRIED FORWARD TO 2008   $1,660,498.01

www.cofs.uwa.edu.au

Financial Report
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COMMONWEALTH GOVERNMENT FUNDS
   

    

Department of Education and Training    

Operating Grant – Research Quantum   $583,114.57

    

ARC Programs    

Cassidy, Randolph & Hu – Investigation of Potential Spudcan Punch Through 
Failure LP0561838

 $49,512.00  

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

 $56,744.00  

Merifield – Rigorous 3D Plasticity Solutions for Soil and Rock Slope  $53,627.00  

Randolph – Deep Penetrating Anchors – A cost effective anchoring solution for 
mooring oil and gas facilities in deep water LP0562561

 $54,287.00  

Randolph, Gaudin, White et al – Physical Modelling of On Bottom Pipelines & 
Offshore Anchoring Systems LX0664864

 $9,357.00  

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

 $322,625.00  

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

 $166,342.00  

Randolph & Hu – Stability of  Spudcan Foundations During Deep Penetration $50,000.00 $762,494.00

CSIRO Flagship Collaboration Cluster   

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

  $355,926.10

    

STATE GOVERNMENT FUNDS    

Department of Industry and Resources Centre of Excellence*   $275,326.00

WA Energy Research Alliance – Subsea Gas Processing   $147,707.34

    

HOST INSTITUTION SUPPORT    

In Kind Salary Support**  $306,258.74  

University Postgraduate Awards**  $424,672.75  

Salary Supplementation  $16,259.81  

Research Matching Funds  $104,482.51  

University Strategic Funds $150,000.00 $1,001,673.81

    

OTHER    

Project and Industry Support   $2,798,031.85

Leave Provision   $43,697.14

    

TOTAL FUNDING   $5,967,970.81

    

*  Denotes funds paid in December 2006 which are in the funds carried forward  
** Denotes notional funds    
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COFS Funding 2007
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