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The Geotechnical and Environmental Research 
Group is home to eight academic staff, a senior 
technical officer, a computer officer, seven 
technicians, three administrative staff, five post 
graduate researchers and 41 graduate students. The 
interests of the group are wide, encompassing 
construction processes; infrastructure; environmental 
engineering; earthquakes; and the fundamental 
mechanics of soils. Since its formation more than 50 
years ago the Group has produced over 180 PhDs. 
 
The Group has extensive facilities for laboratory 
testing, centrifuge modelling, and numerical analysis. 
We operate both on the main Engineering 
Department site, where we have the Geotechnical 
Research Office and the Geotechnical and Geo-
environmental Laboratory, and at the Schofield 
Centre in West Cambridge.  
 
The Group was successful in winning £2m of JIF 
funding in 2000. The aim was to create a Centre for 
Geotechnical Process and Construction Modelling 
"focussed on the key questions of construction and 
environmental technology, where field, computational 
and physical modelling studies can be integrated in 
collaboration with industry". The new building 
(named the Schofield Centre after Emeritus Professor 
Andrew Schofield) was completed in 2001. It has 
been teeming with activity ever since. In 2004 we 
were awarded a Platform Grant by the EPSRC, in 
recognition of our continuing achievements and 
competitive research profile. By the end of 2006 the 
Schofield Centre accommodated 23 research 
workers, six technicians and three academic staff, 
brought together into a coherent and sociable 
community through the continuing efforts of our 
manager, Anama Lowday.   
 
This year has been critical to the future of centrifuge 
testing at the Schofield Centre, since it saw the 
inspection, refurbishment and upgrading of the 150 g-
tonne Turner Beam Centrifuge. Fully operational 
since 1974, the machine has provided 75 PhD 
students with the essential means of testing small-
scale models under full-scale stress conditions. With 
a working radius of 4 metres, the beam centrifuge is 
one of the larger such machines around the world. 
Through funds obtained from HEFCE via the SRIF 
initiative and at the cost of being taken out of 
commission for eight months, the beam centrifuge 
has been given a new lease of life. Better still, its 
central services - fluid couplings, electrical slip rings 
and data acquisition system - have been totally 
upgraded. We have also taken the opportunity of 
incorporating facilities for servo-control of a new-

generation 2D actuator capable of conducting 
complex construction and testing sequences in flight. 
We are indebted to the Department’s Senior Design 
Engineer, Neil Houghton, for designing and interfacing 
these new facilities, to Stuart Haigh for overall 
project management and commissioning, and to Steve 
Chandler and his team of technicians – John 
Chandler, Chris McGinnie, Kristian Pether, Tom 
Johnston and Frank Sixsmith – for carrying out the 
work on site. 
 
In parallel with our small-scale modelling, we are 
exploring new areas of research to improve 
techniques of field monitoring. We are collaborating 
with contractors and infrastructure owners to 
develop new field measurement technologies. These 
aim to provide better control and monitoring of 
urban construction. Field monitoring with new 
BOTDR optical fibre technology has been undertaken 
on a number of piling projects, on major tunnelling 
projects in London and Singapore, and for slope 
stability and soil anchors. Wireless networks of 
MEMS are also being pioneered for a rich variety of 
monitoring applications. 
  
Laboratory work in permeation and chemical testing, 
soil mixing and sustainable products usually takes 
place on the main site, in our second-floor 
laboratories. The upsurge of research in geo-
environmental engineering has put tremendous 
pressure on floor and bench space, and we are 
grateful to our technician Chris Knight for keeping 
everything on track.   
 
During 2006 a total of five PhDs were successfully 
examined, and we hosted 12 international academic 
visitors. Research generated more than 100 
publications by the group, and we were awarded 
more than £1 million of project funding by the EPSRC 
and other research funding bodies. In addition, we 
received considerable support from industry both as 
direct funding and through collaborative activity in 
the field. We currently enjoy research collaborations 
with Highways Agency; Thames Water; Yorkshire 
Water; Tubelines; London Underground Limited; 
Crossrail; Rail Link Engineering; Cementation-
Skanska; Boreas; BP, Shell; Fugro; KW Limited; Giken 
Seisakusho; Geotechnical Consulting Group; Arup; 
Atkins; and others. 
 
The purpose of this Yearbook is to summarise the 
activity of the Geotechnical and Environmental 
Research Group. Each researcher has written a short 
article about their recent research. You may contact 
the research worker and supervisor of any project 
directly to request further information. Some 
information, of course, may temporarily be 
confidential to sponsors. 
 
 

 
Professor Malcolm Bolton 

Head of the Geotechnical and Environmental Group 



Moments to remember from 2006 
 

 
 

 
 

 
 

 

 
 
 
Professor Robert Mair delivered the 2006 Rankine 
Lecture entitled 'Tunnelling and Geotechnics - New 
Horizons'. Robert is Head of the Division of Civil, 
Structural and Environmental Engineering of which 
the Geotechnical and Environmental Research Group 
forms part. 
 
 
 
Professor Robert Mair at the Rankine dinner having just 
delivered the 2006 Rankine Lecture. To the left is 
Professor Antonio Gens and to the right is Professor 
Michael Davies 
 
 
Professor Malcolm Bolton celebrated his 60th birthday 
in the Japanese tradition, wearing a scarlet cap and 
waistcoat. 
 
 
 
 
 
 
 
 
 
 
 
 
Dr Kenichi Soga, Dr Sang Ratnam (a former PhD 
student of the Department, currently working for 
Total) and Robert Whittle of Cambridge Insitu Ltd. 
were awarded this year's George Stephenson Medal, 
from the Institution of Civil Engineers, for their paper 
entitled "A field permeability measurement technique 
using a conventional self-boring pressuremeter" 
published in Geotechnique in September 2005. 
 
 
 
 
 
 
 
 
The 2006 Turner prize was awarded to Jonathan 
Knappett and presented by Philip Turner’s widow, 
Frances Turner. 



 
 

 
 

 
 

 
 
 

Professor Malcolm Bolton and Dr Dave White 
receiving the Telford Premium 2006 for their paper 
‘Displacement and strain paths during plane-strain 
model pile installation in sand’, and was published in 
Geotechnique in August 2004. 
 
 
 
 
 
 
 
 
 
 
In August 2006 Dr Gopal Madabhushi received the 
Shamsher Prakash Research Award for 2005 from 
Professor Bruce Kutter during ICPMG 2006 at Hong 
Kong University of Science and Technology. 
 
 
 
 
 
 
 
 
 
 
 
 
Dr Gopal Madabhushi was promoted to a Personal 
Readership in Geotechnical Engineering at the 
beginning of October 2006. 
(seen here with his PhD student Jonathan Knappett to the 
left and Frances Turner and Amanda Pyatt to the right) 
 
 
 
 
 
 
 
 
 
Dr Thushy Thusyanthan was appointed for a 2-year 
fixed term lectureship from October 2006 during Dr 
Dave White’s extended period of Leave of Absence. 
Dr White is currently based at the Centre for 
Offshore Foundation Systems at the University of 
Western Australia, Perth. 
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Abir Al-Tabbaa 
Sidney Sussex College 
 
Reader in Geotechnical Engineering 
 
Dr Abir Al-Tabbaa leads a research group consisting 
of three post-doctoral research associates and ten 
PhD students. Her current areas of research are 
ground improvement, deep soil mix technology, 
sustainable remediation of brownfield sites, waste 
minimisation and reuse, stabilisation/solidification and 
novel construction materials and processes. Her 
research has been funded by EPSRC, DTI, US Federal 
Highway Administration and industry. 
 
In the area of sustainable remediation of brownfield 
sites Abir is the leader of the Cambridge team heavily 
involved in the £1.92m EPSRC funded consortium 
entitled: Sustainable Urban Brownfield Regeneration: 
Integrated Management (SUBR:IM). The consortium 
involves the collaboration with a number of research 
organisations namely Sheffield University (Lead 
Institution), Oxford Brookes, Kings College London 
Reading University, Forest Research, College of 
Estate Management, Surrey University, Manchester 
University and BRE. The aim of the consortium is to 
provide an integrated technical and social science 
approach to the problem of brownfield regeneration. 
The consortium has over 20 industrial collaborators 
including May Gurney; CIRIA; Environment Agency; 
CL:AIRE; Forestry Commission; and English 
Partnership. The consortium consists of 16 work 
packages on which 18 researchers are employed. 
Abir and her team are involved in four of those work 
packages: (i) WP E: Robust sustainable technical 
solutions to contaminated brownfield sites, (ii) WP F: 
Integrated remediation and greening, (iii) WP I: 
Impacts of climate change on pollutant linkage and 
(iv) WP K: Novel special-purpose compost for the 
sustainable remediation of brownfield sites.  
 
WP E has developed a methodology for the 
assessment and comparison of the sustainability of 
remediation techniques and is has been looking at 
improving the sustainability of stabilisation/ 
solidification by combining it with bioremediation 

processes. One of the means by which this is being 
achieved is in the development of novel low pH 
phosphate cements. WP I has provided experimental 
evidence of the impact of climate change on 
contaminated land and containment systems and 
together with numerical simulation has developed 
technical adaptation strategies for the management of 
current and the design of future systems. WP K has 
investigated the effectiveness of a range of waste 
compost, alone or combined with mineral additives, 
in the establishment of vegetation in contaminated 
soils. It also used magnetic resonance imaging to 
investigate the dynamics of the soil-contaminant-
vegetation system. WP F has investigated the 
effectiveness of greening on remediated contaminated 
land. 
 
SUBR:IM is in its third year. The consortium is 
current producing a book which details the work and 
findings of all its work packages. The book is entitled: 
Sustainable Brownfield Regeneration: Liveable Places 
from Problem Spaces, edited by Dixon, Lerner and 
Raco, Blackwell Publishing, ISBN 1405144033, July 
2007. Output bulletins are currently being produced 
by CL:AIRE. The consortium will be running road 
shows of its activities in 2007. Further details can be 
found at www.subrim.org.uk. 
 
In waste minimisation and re-use Abir was a main 
player in the establishment of the £2.2m Faraday 
Partnership on Industrial Waste Minimisation (Mini-
Waste) funded by DTI, EPSRC and NERC. The other 
four core members are C-Tech Innovation (Lead 
organisation), Imperial College London, Birmingham 
University and Intellect. The aim of Mini-Waste is to 
provide novel technologies, processes and strategies 
to minimise industrial wastes through: (i) Improved 
production efficiency, (ii) conversion of waste into 
new beneficial product, and (iii) on-site regeneration 
of resources from waste. Wastes from four 
industries are specifically targeted. These are (i) 
construction, demolition and minerals; (ii) organic 
food; (iii) metal and metal finishing; and (iv) 
electronics. Mini-Waste activities include strategic 
research; training; consultancy; project management; 
dissemination; exploitation; technology; and 
knowledge translation. Mini-Waste now has over 160 
industrial members. Abir was one of the three 
Research Managers responsible for managing the 
research activities of Mini-Waste and bringing over 
£6m worth of research funding to the Partnership. 
This includes managing the £1m core funded projects, 
10 annual Industrial CASE students and other related 
research initiatives. Further details on Mini-Waste 
can be found at www.mini-waste.com. Mini-Waste 
has recently become the Resource Efficiency 
Knowledge Transfer Network. Further details can be 
found at: www.resource-efficiency.org.
 
Abir is the principal investigator of a £266k EPSRC 
Mini-Waste core funded project entitled ‘Waste 
minimisation through sustainable magnesium oxide 
cement products’ which is carried out in 
collaboration with Imperial College London, MIT and 



11 industrial collaborators including Forticrete, 
International Power, Ballast Phoenix and BRE. The 
recent emergence of MgO cements such as the 
much-publicised ‘Eco-cement’ provides a unique 
opportunity to develop durable novel and sustainable 
cement-based construction products that incorporate 
a large proportion of waste materials. MgO cements 
use ‘reactive’ magnesia that is manufactured at much 
lower temperatures than Portland cement and 
contains a large proportion of by-product pozzolans. 
One range of these cements hardens by sequestering 
atmospheric CO2 and is expected to have a much 
higher propensity for binding with waste than 
Portland cement resulting in far more sustainable 
products.  Another range provides improved 
durability and resistance to chemical attack compared 
to Portland cement. This Project investigates the 
fundamental properties and behaviour of MgO 
cement formulations and MgO cement-waste mixes 
and their potential application in the development of 
construction products, e.g. blocks, bricks and tiles, 
which contain large quantities of waste yet have 
either comparable or even improved durability 
and/or reduced leachability when compared to 
Portland cement-based products. Related work is 
also looking at the conversion of cement-waste 
material into artificial aggregates, using the process of 
pelletisation, and comparison with commercially 
available aggregates. The Project is now in its second 
year. There is considerable interest in this work from 
industry and international collaborations are also 
currently being set up. 
 
The stabilisation/solidification treatment and 
remediation network (STARNET) completed its 
funded activities in 2005. Abir was the co-ordinator 
of the network. The other core members are from: 
Imperial College; University College London; the 
universities of Surrey; Greenwich; Birmingham; and 
Newcastle; BCA; EA; Shell Global Solutions; May 
Gurney; Viridis; MJCA; CIRIA; CL:AIRE; Lafage 
Cement;, Buxton Lime; SITA; EDGE Consultants; 
Grundon; ARCADIS; BNFL; Enverity; and S/S 
Remediation. The aim of the Network was to 
provide a forum for discussion and collaboration 
between academic, industry and regulators to take 
the technology forward. The Network activities 
included state of practice reports and a newsletter. A 
workshop was hosted in July 2002 at which research 
priorities were established. A book chapter ‘Chapter 
11: Testing and performance criteria for 
stabilised/solidified waste forms’ was published in 
‘Stabilization and Solidification of Hazardous, 
Radioactive and Mixed Wastes’ edited by Spence and 
Shi (CRC Press, ISBN 1566704448, pp 481-525, 
December 2004). The grand finale of the STARNET 
activities was the hosting of the international 
conference on Stabilisation/Solidification Treatment 
and Remediation – Advances in S/S for Waste and 
Contaminated Land in Cambridge on 12-13 April 
2005. The conference was sponsored by BCA; May 
Gurney; Bachy Soletanche; INERTEC; Lhoist; Edge 
Consultants; and BGA. The conference was attended 
by 180 delegates from 15 countries and over the two 

day event 34 papers were presented. Keynote 
lectures were given by Marie-Claire Magnie 
(INERTEC), Goran Holm (SGI), Hans van der Sloot 
(ECN) and Jan Gronow (EA). The conference 
proceedings, edited by Abir together with Julia 
Stegemann (University College London), are 
published by Balkema. Copies of the presentations at 
the conference and other STARNET material can be 
found on www-starnet.eng.cam.ac.uk. Selected 
extended papers from the conference have now been 
published in special issues of the Journal of Land 
Contamination and Reclamation (February 2006) and 
Journal of Hazardous Materials (in press). 
 
Another major outcome of the STANET activities is 
the funding of an £800k project by DTI and industry 
entitled ‘Process envelope for cement-based 
stabilisation/ solidification - ProCeSS’. The project is 
led by UCL in collaboration with Cambridge 
University, Imperial College London, Surrey 
University and Birkbeck College and 16 industrial 
collaborators including BCA, BLA, UKQAA, Grundon 
Waste Management, Onyx Environmental Group and 
Sita UK. The aim of the project is to develop 
envelopes for generic S/S of the most common and 
problematic residual waste types. The three-year 
project started in April 2006. 
 
Combinations of stabilisation/solidification and 
pelletisation processes are currently being employed 
to convert a range of wastes into construction 
products. This included petroleum drill cuttings, 
pulverised fuel ash. It has been possible to produce a 
wide range of aggregates with different properties. 
 
Work on ground improvement continues on the 
application of deep soil mix technology to ground 
improvement, contaminated land remediation and the 
development of novel and more durable additives. 
Work recently completed includes three research 
projects funded by the US National Deep Mixing 
(NDM) Research Program. These are projects 
related to soil mixing of peat and organic and soft 
clays and addressed the following particular topics: (i) 
behaviour of cement treated clays in aggressive 
environments which incorporate bentonite and 
zeolite in the grout, (ii) mechanical properties of wet 
soil-mixed peat and organic clay, and (iii) accelerated 
ageing of cement treated inorganic and organic clays. 
This included an extensive experimental programme 
of mechanical and laboratory-scale auger mixing. All 
the work funded by the NDM Research Program is 
currently being compiled in a guidance documents for 
practitioners. 
 
A new project on deep soil mixing funded by the DTI 
under its Contaminated Land Remediation 
Technologies call is due to start shortly. The project 
is entitled Soil Mix Remediation Technology (SMiRT) 
and is a collaboration between the University of 
Cambridge and 10 industrial partners. The aim of the 
project is to develop an integrated soil mix 
technology system capable of switching between the 
delivery of wet and dry additives for combined soil-



mixed remediation and ground improvement with an 
advanced quality assurance and performance 
monitoring system. The development of a single 
integrated system for both applications is novel and is 
a major technical advancement to soil mix technology 
and would lead to significant cost-savings. As a 
relatively new technology, soil mixing suffers from 
lack of validation and stakeholder confidence. Hence 
another major objective of the project is to validate 
and increase the uptake of soil mix technology in the 
UK.  
 
As well as the development of innovative equipment, 
the project will involve the development and field 
application of a range of cement-based binders in the 
ground improvement of a range of poor soils as well 
as a range of cementitious and non-cementitious 
additives for ground remediation and containment. 
These include Portland cement, cement blends 
including PFA and GGBS, zeolite, magnesia as well as 
a number of modified clays. Both applications will test 
a range of wet and dry binders. Extensive field trials 
will then take place in which a large number of 
columns will be installed including reactive wall 
sections, hot spot stabilisation/solidification 
treatments and ground improvement column 
arrangements. A wide range of soils will be tested 
including made ground, alluvium, clay, peat, sand and 
gravel and different installation techniques will be 
investigated. The parameters that will be investigated 
include torque, rotational speed, penetration and 
withdrawal rates, total mixing time and number of 
mixing cycles, wet binder density and viscosity, dry 
binder delivery pressure, binder volume and injection 
rate, timing and period of injection. Extensive field 
testing, including load tests, and coring will take place 
and a number of columns will also be fully exhumed 
and visually inspected. Continuous groundwater 
monitoring will also be carried out in the 
contaminated areas. 
 
An international collaboration has been set up to 
initiate research related to a range of deep soil 
mixing applications. This collaboration includes the 
UK, Japan, Sweden and the USA. The collaborative 
research will centre around the collation of high 
quality data from high profile research and 
commercial deep soil mixing projects to develop 
information management systems based on the 
development of a database. Data from SMiRT project 
as well as other high profile commercial and research 
projects such as the Boston Central Artery, the EU 
funded EuroSoilStab project and the Haneda Airport 
Expansion project in Tokyo will be incorporated. 
 

Publications in 2006 
 
1. Harbottle, M. J. and Al-Tabbaa, A. (2006). 

Combined stabilization/solidification with 
biodegradation to enhance long-term remediation 
performance. Proceedings of the 2nd IASTED 
International Conference on Advanced 
Technology in the Environmental Field, February, 
Lanzarote, Published by ACTA Press, pp 222-
227. 

 
2. Al-Tabbaa, A. and Perera, A.S.R. (2006). UK 

Stabilization/Solidification Treatment and 
Remediation – Part I: Binders, Technologies, Testing 
and Research. Journal of Land Contamination and 
Reclamation, Vol. 14 (1), pp 1-22. 

 
3. Al-Tabbaa, A. and Perera, A.S.R. (2006). UK 

Stabilization/Solidification Treatment and 
Remediation – Part II: Performance, QA/QC and 
guidance documents. Journal of Land 
Contamination and Reclamation. Vol 14(1), pp 
23-42. 

 
4. Harbottle, M. J., Al-Tabbaa, A. and Evans, C. W. 

(2006). Assessing the true technical/environmental 
impacts of contaminated land remediation – a case 
study of containment, disposal and no action. Journal 
of Land Contamination and Reclamation, Vol 
14(1), pp 85-100. 

 
5. Chitambira, B., Al-Tabbaa, A. and Yu, X. D. 

(2006). The temperature dependency of the 
hardening of stabilized/solidified contaminated soil. 
Journal of Land Contamination and Reclamation. 
Vol 14(1), 109-120. 

 
6. van Herwijnen, R., Ouki, S.K., Gadepalle, V.P., 

Hutchings, T.R., Moffat, A.J.,  Al-Tabbaa, A. and 
Johns, M.L. (2006). Testing of two mineral amended 
composts for the remediation of heavy metal 
contaminated soil: metal immobilisation and 
performance of ryegrass. Proc. 21st International 
Conference on Solid Waste Technology and 
Management, Philadelphia, PA, February, pp 926-
934. 

 
7. van Herwijnen, R., Gadepalle, V.P., Hutchings, 

T.R., Al-Tabbaa, A., Moffat, A.J., Johns, M.L. and 
Ouki, S.K. (2006).  How to remediate heavy metal 
contaminated sites with amended composts. 
CL:AIRE SUBR:IM Conference – Overcoming the 
Barriers to Brownfield Regeneration, March, 
Imperial College London, CL:AIRE Publication, 
pp 49-52. 

 
8. Vandeperre, L.J.,  Liska, M. and Al-Tabbaa, A. 

(2006). A comparison between two types of pfa in 
the performance of blends of MgO, PC and pfa, 
AshTech2006 conference, May, Coventry, 1-17. 

 
9. Vandeperre, L.J., Liska, M. and Al-Tabbaa, A. 

(2006). Mixtures of pulverised fuel ash, Portland 
cement and Magnesium oxide: strength evolution 



and hydration products, WASCON 2006, 
Belgrade, May, 539-550. 

 
10. Liska, M., Vandeperre, L.J. and Al-Tabbaa, A. 

(2006). Mixtures of pulverised fuel ash, Portland 
cement and Magnesium oxide: characterization of 
pastes and setting behaviour, WASCON 2006, 
Belgrade, May, pp 563-573. 

 
11. Al-Ansary, M. and Al-Tabbaa, A. (2006). 

Stabilisation/ solidification of raw and synthetic North 
Sea petroleum drill cuttings for conversion into 
construction products. WASCON 2006, Belgrade, 
May, pp 551-562. 

 
12. van Herwijnen, R., Laverye, T., Ouki, S.K., Al-

Tabbaa, A., Hodson, M.E. and Hutchings, T.R. 
(2006).  The effect of composts on the leaching of 
metals from contaminated soils. Brownfields 2006 – 
Third International Conference on Prevention, 
Assessment, Rehabilitation and Development of 
Brownfield Sites, Tallinn, July, pp 99-108. 

 
13. Duru, U. E. and Al-Tabbaa, A. (2006). Cadmium 

leachability and microbial population dynamics in a 
stabilised and bioaugmented hydrocarbon and heavy 
metal contaminated soil. Proceedings International 
Conference on Infrastructure and the 
Environment, Abuja, September. 

 
14. Osman, A. A-M. and Al-Tabbaa, A (2006). Effect 

of zeolite and bentonite on the mechanical properties 
of cement-stabilised soft clay. Proceedings of 
Fourth International Conference on Soft Soil 
Engineering, Vancouver, October, pp 681-690. 

 
15. Al-Ansary, M. and Al-Tabbaa, A. (2007). 

Stabilisation/ Solidification of synthetic petroleum drill 
cuttings. Journal of Hazardous Materials (in press, 
available on journal website). 

 
16. Chitambira, B., Al-Tabbaa, A., Perera, A.S.R. and 

Yu, X.D. (2007). The activation energy of stabilised/ 
solidified contaminated soils. Journal of Hazardous 
Materials (in press, available on journal website). 

 
17. Harbottle, M. J., Al-Tabbaa, A and Evans, C. W.  

(2007). A comparison of the technical sustainability 
of in-situ stabilisation/solidification with disposal to 
landfill. Journal of Hazardous Materials (in press, 
available on journal website). 

 
18. van Herwijnen, R., Hutchings, T.R., Al-Tabbaa, A., 

Moffat, A.J., Johns, M.L. and Ouki, S.K. (2007) 
Testing of two mineral amended composts for 
remediation of heavy metal contaminated soil: metal 
immobilisation and performance of ryegrass. Journal 
of Environmental Pollution (accepted). 

 
19. Vandeperre, L.J., Liska, M and Al-Tabbaa, A. 

(2007). Reactive Magnesium Oxide Cements: 
Properties and Applications. International 
Conference:  Sustainable Construction Materials 

and Technologies, Coventry, June 2007 
(accepted). 

 
20. van Herwijnen, R., Al-Tabbaa, A., Hutchings, T.R., 

Moffat, A.J., Ouki, S.K. and  Johns, M.L. (2007). 
The impact of waste compost-based soil 
amendments on the leaching behaviour of a heavy 
metal contaminated soil. Journal of Environmental 
Engineering Science (accepted).   

 
 



 
 
Malcolm D Bolton 
Churchill College 
 
Professor of Soil Mechanics 
 
Geo-Materials 
Over the last 10 years, working successively with 
Doug Robertson, Glenn McDowell and Helen Cheng, 
I have established Clastic Mechanics as a new 
paradigm in soil mechanics. Grains can deform 
elastically at contacts, rearrange by sliding and rolling, 
and – notably – can crush or fracture. Here, Discrete 
Element Modelling (DEM) has been used to perform 
explicit numerical simulations of the interactions 
within an assembly of grains, providing the essential 
linkage between behaviour at micro and macro 
scales. It has thereby been shown that grain crushing 
and rearrangement is the agency behind plastic 
compression and yielding in the Cam Clay family of 
plastic soil models. Ockham’s Principle of Parsimony 
then suggests that we should regard the normal 
compression of clays as the crushing of lightly bonded 
clay agglomerates. 
 
Applications of clastic mechanics also extend to the 
crushing of sandstones, leading to sand production 
and/or clogging in oil reservoirs. DEM simulations 
carried out by George Marketos have established 
criteria for the propagation of thin compaction bands 
created by the successive fracture of grains, in a plane 
perpendicular to the major principal stress. DEM 
offers essential insight where the soil microstructure 
bifurcates, as in a compaction band or shear band.  
 
DEM is also useful where continuum treatments 
require an unfeasible number of parameters. The 
dependency of soil behaviour on rate of deformation 
is particularly difficult to define, since the physics at 
grain scale is still not understood. Fiona Kwok is 
studying soil creep by DEM, using rate process 
theory to develop an intergranular friction coefficient 
that is velocity-dependent. A single DEM parameter 
recreates both “steady” power-law creep and the 

phenomenon of creep rupture, depending on the 
relative deviatoric stress.  
 
Christopher Lo has begun work on the use of DEM 
at the other end of the scale of rate effects. He aims 
to identify criteria for the transformation of a slow-
moving landslide into a fast-moving rock avalanche. 
Of even greater significance is the identification of 
criteria for its re-solidification – essential for the 
design of economical protective structures. 
 
Insights gained from particulate mechanics, and their 
practical impact in geotechnical engineering, are the 
focus of ISSMGE TC35 “Geo-Mechanics from Micro 
to Macro”, of which I am chairman.   
 
Geo-Processes 
Research work continues on disturbance-free press-
in pile foundation systems with sponsorship from 
Giken Seisakusho Ltd of Japan, and in collaboration 
with David White. Cementation-Skanska has 
sponsored parallel work by Yueyang Zhao on the 
impact of the construction process on piled 
foundation behaviour. This has demonstrated the 
stiffening effect of stresses locked into the ground 
during pile jacking or driving. These are absent 
around bored piles causing them to settle much more 
under load. Zheming Li has started a new project on 
the modelling of piled foundations subject to live 
lateral loads, relevant both to the monopile 
foundations of offshore wind-turbines and to the 
design of earthquake-resistant foundations for bridges 
and buildings. He and Stuart Haigh are using the new 
2D actuator to achieve force control in cyclic tests 
on piles in the centrifuge. Atkins are collaborating. 
 
Research continues for the off-shore oil and gas 
industry, in collaboration with David White. Soil-
pipeline interaction due to thermal expansion and 
contraction is the focus of the SAFEBUCK JIP 
involving BP, Shell, Exxon, Total, and PetroBras. 
Model tests have been carried out, first by Johnny 
Cheuk and Masoud Bonab, now by Senthil Ganesan. 
Lateral pipe sweep tests involve the creation of 
berms, and have led to new design criteria which are 
already being used by the companies. Axial friction is 
key to the prediction of pipelines “walking” away 
from the well-head due to thermal cycling. 
Surprisingly, the axial friction coefficient can vary 
widely, between 2 and 0.2 in different test conditions. 
 
A collaboration with Tongji University and HKUST 
concerns cut-and-cover subway construction in soft 
ground. Authorities are demanding tighter control of 
ground displacements following the catastrophic 
collapse of a braced excavation supporting the Nichol 
Highway in Singapore. A sophisticated model 
package, featuring excavation of clay in flight using a 
servo-controlled blade, and the progressive actuation 
of multi-level props to support a model diaphragm 
wall, has been assembled by Sidney Lam with help 
from Stuart Haigh. The purpose of these model tests 
is to validate a sequence-based design method. 



 
Geo-Design 
Over the last 20 years, working with William Powrie, 
Wing Sun, Ashraf Osman, and now Sidney Lam, I 
have developed the Mobilisable Strength Design 
(MSD) method which aims to predict and control 
ground movements and associated structural 
deformations. MSD works because the design of 
foundations and substructures requires that soil 
strains remain small (less than 0.1% generally), and 
because the stress-strain relation of soils in this 
strain-range is seen to fit a power-law which confers 
self-similarity on the solutions. The MSD approach is 
based on simplified plastic mechanisms of 
deformation, and requires only a few soil stress-strain 
tests for its application. It avoids the minefield of soil 
constitutive relations and Finite Element Modelling by 
specifying precisely how representative soil elements 
should be selected in the field, and tested, and by 
showing how their raw data can be made non-
dimensional for direct application in the solution of 
design problems. MSD represents the distillation of 
highly sophisticated analyses of ground displacements 
observed in centrifuge models, or of similar field 
studies, or of corresponding non-linear Finite 
Element Analyses. Tunnels, excavations, and both 
shallow and deep foundations are being studied. 
 
Challenging Phenomena 
The study of fundamental soil behaviour facilitates the 
recognition of aberrant behaviour when it occurs. 
The study of geotechnical design methodology helps 
us assess the practical significance of unpredictable 
behaviour. And our capability in physical modelling 
means that we can aim to recreate, study, and 
attempt to remedy, any such challenging phenomena.  
 
Recent investigations have thrown light on: seismic 
liquefaction leading to the failure of piled foundations 
(Subhamoy Battacharya); the creep-like response of 
clay slopes to weather cycles leading ultimately to 
slope failure (Andy Take); and the conditions 
required for clay cracking (Thushy Thusyanthan). In 
each case, the starting point was to make physical 
models that recreated critical events in a controlled 
environment, the subsequent analysis was based on 
stress paths in relation to Critical State Soil Models, 
and the emerging insight was finally captured using 
rather simple behavioural models. Projects such as 
these act as springboards for new research themes. 
 
Publications in 2006 
 
1. Osman, A.S. and Bolton, M.D. Ground movement 

predictions for braced excavations in undrained clay, 
ASCE Journal of Geotechnical and Geo-
environmental Engineering,  132 (4), 465-477. 

 
2. Silva, M.F., White, D.J. and Bolton, M.D. An 

analytical study of the effect of penetration rate on 
piezocone tests in clay, International Journal for 
Numerical and Analytical Methods in 
Geomechanics, 30, 501-527. 

 

3. Osman A.S. and Bolton M.D. Design of braced 
excavations to limit ground movements, Proceedings 
of Institution of Civil Engineers, Geotechnical 
Engineering 159 (3), 167-175. 

 
4. Yetginer, A.G., White, D.J. and Bolton, M.D.  

Field measurements of the stiffness of jacked piles 
and pile groups, Geotechnique 56 (5), 349-354. 

 
5. de Groot MB, Bolton MD, Foray P, et al.  Physics 

of liquefaction phenomena around marine structures,  
ASCE Journal of Waterway, Port, Coastal and 
Ocean Engineering 132 (4), 227-243. 

 
6. Teh, T.C., Palmer, A.C., Bolton, M.D., et al.  

Stability of submarine pipelines on liquefied seabeds,  
ASCE Journal of Waterway, Port, Coastal and 
Ocean Engineering 132 (4), 244-251. 

 
7. Cheuk, C. Y. and Bolton, M. D.  A technique for 

modelling the lateral stability of on-bottom pipelines 
in a small drum centrifuge, Fourth International 
Conference on Physical Modelling in 
Geotechnics, Hong Kong, August, 1, 715-721. 

 
8. Chua, H.Y. and Bolton, M.D. The use of centrifuge 

tests in the study of arching, Fourth International 
Conference on Physical Modelling in 
Geotechnics, Hong Kong, August, 2, 1075-1080. 

 
9. Lee, Y.S. and Bolton, M. D. Centrifugal modelling of 

landslide triggering mechanism in layered fill slopes, 
Fourth International Conference on Physical 
Modelling in Geotechnics, Hong Kong, August, 1, 
355-360. 

 
10. Zhao, Y. and Bolton, M.D. In situ seismic 

monitoring in centrifuge piling tests, Fourth 
International Conference on Physical Modelling 
in Geotechnics, Hong Kong, August, 2, 907-912. 

 
11. Marketos, G. and Bolton, M.D. A statistical 

investigation of particle crushing in sand, 
International Symposium on Geomechanics and 
Geotechnics of Particulate Behaviour, Yamaguchi, 
September, 247-252. 

 
12. Osman, A.S., Mair, R.J. and Bolton, M.D. On the 

kinematics of 2D tunnel collapse in undrained clay, 
Geotechnique 56 (9), 585-595.  

 
13. Osman, A.S., Bolton, M.D. and Mair, R.J. 

Predicting 2D ground movements around tunnels in 
undrained clay, Geotechnique 56 (9), 597-604. 

 
14. Sentenac, P., Lynch, R.J., Bolton, M.D. and Taylor, 

R.N. The influence of water-miscible solvents on the 
permeability of clay, Proceedings ISSMGE 5th Int. 
Congress on Environmental Geotechnics I, 636-
643. 

 



 
 
Stuart  K Haigh 
Girton College 
 
Senior Research Fellow 
 
Since my appointment as Senior Engineer at the 
Schofield Centre last year, I have been heavily 
involved with designing experimental equipment for 
use in the Centre and with upgrading the beam 
centrifuge. 
 
This upgrade has eliminated many of the restrictions 
experienced with the machine and put us in a good 
shape to tackle the geotechnical challenges of the 21st 
century. 
 
During the year I have also been involved in 
commissioning a new 2-D robotic actuator for use on 
the beam centrifuge, which will be the major actuator 
used for static centrifuge tests over the next few 
years and with ongoing development of the minidrum 
centrifuge, leading up to a major upgrade planned for 
2007. 
 
During this year, along with Dr Gopal Madabhushi, I 
also received funding from EPSRC to develop UK-
NEES, a network linking the earthquake research 
centres at Cambridge, Oxford and Bristol 
Universities into the US NEES network. This will 
both enable our participation in larger research 
projects and give an enhanced ability for researchers 
at other UK universities to make use of our 
equipment in collaborative projects through 
telepresence. 
 
Outside of the Centre I have been involved in 
teaching the 5R5 course on Experimental Methods in 
Geomechanics and supervising 1st, 2nd and 3rd year 
undergraduates. 
 
Publications in 2006: 
 
1. Knappett, J.A., Haigh, S.K. and Madabhushi, S.P.G. 

(2006) Mechanisms of failure for shallow 
foundations under earthquake loading. International 
Journal of Soil Dynamics and Earthquake 
Engineering, 26(2-4) 91-102. 

2. Madabhushi, S.P.G., Houghton, N.E. and Haigh, 
S.K. (2006) A new automatic sand pourer for model 
preparation at University of Cambridge. Proc. Int. 
Conf. Physical Modelling in Geotechnics, Hong 
Kong, pp.217-222 

 
3. Coelho, P.A.L.F., Haigh, S.K. and Madabhushi, 

S.P.G. (2006) Effects of successive earthquakes on 
saturated deposits of sand. Proc. Int. Conf. Physical 
Modelling in Geotechnics, Hong Kong, pp.443-
448 

 
 
 
 
 
 
 

 
2D actuator with servo-control 
 



 
 
Dongfang Liang 
Churchill College 
 
Lecturer in Civil Engineering Fluid Mechanics 
 
I came to Cambridge in October 2006, being jointly 
appointed by Division A (Energy, Fluid Mechanics and 
Turbomachinery) and Division D (Civil, Structural, 
Environmental and Sustainable Development).  I 
obtained my PhD from Tsinghua University in Beijing 
in 2003.  Before coming to Cambridge, I was a 
Research Associate at Cardiff University.  
 
I was fortunate to be involved in an EPSRC-funded 
project on flood risk management at Cardiff 
University.  Due to climate change and sea level 
rising, flood disasters are expected to occur more 
frequently in the future.  The accurate prediction of 
the water elevation, propagation speed and 
inundation extent is essential in managing the flood 
risk.  An efficient TVD-MacCormack scheme, which 
was originally proposed for predicting shock waves in 
supersonic air flows, has been applied to predict the 
sharp water level gradients near flood fronts.  The 
two-dimensional surface water flow model has been 
dynamically integrated with the subsurface flow and 
one-dimensional river flow models.  Extensive 
validations have been conducted.  Based on this 
numerical method, a GIS-based flood routing package 
is currently being developed at Halcrow – one of the 
UK’s largest engineering consultancies.  
 
A shock-capturing numerical model such as this will 
be used to study the impact of Tsunami waves on 
near-shore buildings.  The numerical simulations will 
be verified against the experiments by Dr 
Madabhushi, Dr Thusyanthan and their students.  
 
I am also interested in granular and debris flows.  
Macroscopically governing equations can be 
established in a similar way as for flood flows.  
However, one of the main difficulties is to find a 
generic constitutive law.  A microscopic approach 
will also be tried, where the solid phase will be 
modelled by the Discrete Element Method and the 
fluid phase will be modelled by the Smoothed Particle 
Hydrodynamic method.  I am working on this in 
collaboration with Prof Bolton, Dr Soga and their 
students.  

 
I also plan to do some research on sediment 
transport, water quality and shallow-flow turbulence, 
which will enable me to collaborate with members in 
Division A.  
 
Publications in 2006: 
 
1. Liang D., Falconer R.A. and Lin B. Improved 

numerical modelling of estuarine flows. Proceedings 
of the Institution of Civil Engineers – Maritime 
Engineering, 2006, 159 (1): 25-35. 

  
2. Zhang G., Liang D. and Zhang J. Image analysis 

measurement of soil particle movement during a soil-
structure interface test. Computers and 
Geotechnics, 2006, 33 (4-5): 248-259  

 
3. Liang D., Falconer R.A. and Lin B. Comparison 

between TVD-MacCormack and ADI-type solvers of 
the shallow water equations. Advances in Water 
Resources, 2006, 29 (12): 1833-1845. 

  
4. Liang D., Lin Binliang. and Falconer R.A. 

Simulation of rapidly varying flow using an efficient 
TVD-MacCormack scheme. International journal 
for numerical methods in fluids, 2006 (DOI: 
10.1002/fld.1305). 

 
5. Liang D., Lin B. and Falconer R.A. A boundary-

fitted numerical model for flood routing with shock-
capturing capability. Journal of hydrology, 2006 
(doi:10.1016/j.jhydrol.2006.08.002) 

  
6. Falconer RA, Lin B. and Liang D. Modelling flood 

elevations, inundation extent and water quality 
indictor levels in UK riverine basins. Proceedings of 
15th conference of Asia and Pacific division of 
the International Association for Hydraulic 
Research, Chennai, India, 2006, Vol. IV, pp.21-26. 

  
7. Wang X., Bockelmann-Evans B.N. and Liang D. 

Examination of FST-hemispheres for evaluating 
boundary shear stresses in streams. International 
journal of river basin management, 2006 
(accepted).  

 
 



 
 

 
 
Rod Lynch 
 
Senior Technical Officer in Environmental 
Geotechnics 
 
Work has continued on the search for an in-situ 
clean-up process for improving groundwater. MPhil 
student Emily Warren, 4th year student Andy Wiggan 
and ERASMUS exchange students Alice Meloni and 
Nicola Giuliani have applied the photocatalytic 
process to MTBE, a petroleum additive which was 
used as a replacement for lead in some motor fuels. 
It improves combustion but is very water soluble and 
a tiny quantity renders groundwater undrinkable in 
the laboratory. We have recently found an improved 
catalyst to speed up the process. Changes to the 
process itself have also given efficiency benefits. 
Photocatalysis is the action of light on a 
semiconductor catalyst and can decompose organic 
pollutants to mainly CO2 and water.  Tests of our full 
scale reactor have also been carried out by Prof Jim 
Barker, Claudia Naas and Diana Cuerda at Waterloo 
University in Canada.  In parallel work, Dr Alex 
Orlov and Prof Richard Lambert from the Chemistry 
Department at Cambridge University, have improved 
the catalyst by modifying it with tiny gold nano-
particles.  Our work has been supported by EPSRC 
and the UK Energy Institute. 
 
Another area of interest is the remediation and 
containment of contaminated land by electric fields.  
Electrokinetics is a treatment in which ionic 
pollutants are mobilised by the application of an 
electric field. Usually this is used as a clean-up 
process, but in this work we are using it for 
containment.  4th year students Luke Walker and Jo 
Reeve have been using electric fields to contain the 
spread of heavy metal pollutants under the influence 
of a local hydraulic gradient.  Previously we showed 
that an electric field can prevent ingress of 

contaminated water, and this investigation is to 
determine if periodic power applications, such as 
from a solar panel, can be used.  In the laboratory 
simulation, even with severely limited power, the 
electric field can retard significantly the spread of 
copper contamination which was driven by a 
significant hydraulic gradient. Our collaborator at 
Cagliari University is Professor Aldo Muntoni. 
 
We have also investigated a possible avalanche 
detector.  Slab avalanches are often caused by a 
shearing of the snow which occurs at a snow layer 
boundary. A simple way of detecting layers of snow 
by their relative strength is being explored. 4th year 
student James Engwall has synthesised snow in the 
cold room of Department of Mathematics and 
Theoretical Physics at Cambridge University, and 
tested possible probe designs.  These were also 
tested in Norway by Angela Laycock, a previous 
student, and also by James in Switzerland. 
 
Based on earlier work done here, Dr Philippe 
Sentenac of Strathclyde University and I have 
published a joint paper with City University on the 
effect of alcohol on the permeability of clay. 
 
A new project this year is to try to alleviate the 
efflorescence problem at Robinson College, where 
significant leaching of lime through brickwork for 
many years has left unsightly marks.  4th year student 
David Sharman is trying to prevent this by applying an 
electric field to reverse the flow of calcium ions. We 
are applying a similar technology to that used at the 
Danish Technical University by Prof Lisbeth Ottosen.   
I was also a PhD examiner at the Danish Technical 
University at Lyngby in March 2006.     
 
Another new project is to search for a real-time 
sensor for monitoring the MTBE concentration in 
groundwater. This work is being done by 4th year 
student Nina Vaidya, in collaboration with Dr Tim 
Wilkinson at CUED Cape Centre. 
 
Publications in 2006-07: 
 
1. Orlov, A., Chan, M., Jefferson, D. A., Zhou, D., 

Lynch, R.J., Lambert, R.M., Photocatalytic 
degradation of water-soluble organic pollutants 
onTiO2 modified with gold nanoparticles, 
Environmental Technology, 27(7), 747-752, 2006. 

 
2. R.J. Lynch, A. Muntoni, R. Ruggeri and K.C. 

Winfield, Preliminary tests of an electrokinetic 
barrier to prevent heavy metal pollution of soils, 
Electrochimica Acta 52 (2007) 3432–3440. 

 
3. P. Sentenac, R. J. Lynch, M. D. Bolton and R N 

Taylor,  Alcohol’s effect on the hydraulic conductivity 
of consolidated clay, Environ Geol (2007), DOI 
10.1007/s00254-006-0603-8. 

 



 
 
Gopal Madabhushi 
Girton College 
 
Reader in Geotechnical Engineering 
Assistant Director of The Schofield Centre 
 
Dr Gopal Madabhushi leads a research group on 
geotechnical earthquake engineering. He has wide-
ranging interests in this field from post earthquake 
field investigations to experimental and numerical 
investigations of liquefaction induced failure 
mechanisms of civil engineering structures. He is 
currently the chairman of EEFIT (Earthquake 
Engineering Field Investigation Team) that operates 
under the auspices of Institution of Structural 
Engineers, London. He is also a member of the 
Research and Education Sub-Committee of SECED. 
He has published about 50 papers in Journals and 
more than 160 papers in International Conferences, a 
list of which can be viewed at 
http://www2.eng.cam.ac.uk/~mspg1/pub~1.html.  
 
Dr Madabhushi’s research has been funded by 
EPSRC, EU, NSF USA, Newton Trust, Santa Clara 
University, USA, Mott MacDonald, UK, Shimizu 
Corporation, Japan. 
 
Dr Madabhushi working with Professor Andrew 
Schofield developed the Stored Angular Momentum 
(SAM) based earthquake actuator which can impart 
strong earthquakes to centrifuge models that are 
being subjected to 100 times earth’s gravity. This 
activity was supported by US Army Corps of 
Engineers at Vicksburg and EPSRC. This equipment 
has been instrumental to the geotechnical earthquake 
engineering research at Cambridge over the past 
decade. Currently, a powerful servo-hydraulic shaker 
is being designed to complement the capabilities of 
the SAM actuator. There are further plans to develop 
a powerful 2-D servo-hydraulic earthquake actuator 
that can create horizontal and vertical accelerations 
in the soil models. These developments will further 
establish Cambridge University as a unique place in 
Europe to carryout Earthquake Geotechnical 
Engineering research. 
 

An EPSRC proposal of £220,000 was recently funded 
that helps to link the dynamic centrifuge facility at 
Cambridge to the 1-g shaking table facility at 
University of Bristol and sub-structure testing rig at 
University of Oxford. This UK-NEES network is 
currently being established using the InSORS 
technology that allows multiple user interaction in 
real time, using image, video and data exchange and 
would be linked to the US-NEES grid. Efforts are 
already underway to interact with NZ-NEES in 
Auckland, New Zealand using this system. 
 
Many boundary value problems have been studied 
ranging from liquefaction induced lateral flow past 
piles supported by Shimizu Corporation, plastic 
buckling of piles, liquefaction-induced settlement of 
rock fill dams, etc. In a recent project the dynamic 
soil-structure interaction of foundations of heavy 
structures such as Nuclear Reactor Buildings that are 
founded on stratified soil have been investigated.  
Such problems acquire increased significance with the 
current thrust on nuclear power and the recent 
earthquake induced damage to the world’s largest 
nuclear facility in Niigata, Japan.  Dr Madabhushi has a 
strong interest in Finite Element analyses of 
liquefaction problems. The FEA have been used to 
investigate many boundary value problems including 
the sheet pile walls, dynamic SSI problems with heavy 
foundations etc.  
 
The geotechnical interest in liquefaction problems 
also extends to the counter measures that are 
currently being used worldwide to mitigate damage. 
In this area Dr Madabhushi has researched into the 
in-situ densification as a liquefaction mitigation 
measure at bridge foundations in a £170k project 
supported by EPSRC and Mott MacDonald. Similarly 
the efficacy of field drains in dissipating the excess 
pore water pressures generated during liquefaction 
was investigated. In this strand of research, Dr 
Madabhushi has played a key role in the recently 
completed Euro 4.5 million EU project NEMISREF 
that looked at novel strategies to mitigate seismic risk 
of foundations of existing buildings. This project 
involved European partners who include the  
academic institutions Ecole Centrale Polytechnic in 
Paris, Aristotle University in Thessalonica, UTCB, 
Bucharest, University of Bristol and from Industry 
Solatanche-Bachy in France, Stamatopoulous and 
Associates and IGME in Greece, LNEC in Portugal. 
More details can be found at www.solatanche-
bachy.com/nemisref. For the last two years the 
British Council in France along with the French 
Council has funded an exchange program that links 
Cambridge and LCPC in Nantes, France. 
 
A new area of research that has evolved over last five 
years is the seismic behaviour of waste containment 
structures. The work in this area has been supported 
by Santa Clara University, California that has led to a 
research proposal to NSF, USA. Exciting new data on 
load distribution on landfill components such as 
geomembrane layers following earthquake loading 
with or without liquefaction are coming to light. A 



new model waste has been developed that mimics 
the MSW under static and dynamic loading. Similarly 
exciting results have been obtained on cracking of 
clays that provided insight into the strain level 
required to observe cracking of landfill liners. 
Collaborative plans are being developed with 
Loughborough University to carry out research into 
the mechanical behaviour of landfill liners. 
 
Following the Boxing Day Tsunami of 2004 that led 
to widespread destruction in several Asian countries, 
Dr Madabhushi along with Dr Thusyanthan started 
working on the effects of Tsunami wave loading on 
coastal buildings. This research was carried out in 
collaboration with Buro Happold and MIT who 
developed a Tsunami Safe(r) building. This design was 
reproduced at model scale and was testing in a large 
wave tank facility at the Schofield Centre. 
Comparisons were made between the performance 
of this specially designed building and a traditional Sri 
Lankan house construction under the action of 
Tsunami wave loading. Parts of this research were 
included in the Discovery Channel program on 
effects of Tsunami waves. This research is currently 
being funded by the Royal Society that helps us 
establish more rigorously the impact wave loading on 
the structures using small scale modelling. Plans are 
underway to recreate Tsunami waves in the mini-
drum centrifuge facility. More details on this work 
are available at 
http://www.eng.cam.ac.uk/news/stories/2006/tsunami/  
 
Quite different from geotechnical earthquake 
engineering, Dr Madabhushi has a special interest in 
Biomechanics. He has researched into the 
biomechanics of revision Total Hip Arthoplasty 
(THA) looking at the mechanics of bone graft and 
novel materials such as bioglass used in these 
procedures. A special CAM shear apparatus was 
developed to estimate the shear strength of the bone 
graft. Finite element based numerical analyses were 
also carried out to look at the stress redistribution in 
the bone graft surrounding the prosthesis. An 
overview of this work was presented at a 
Biomineralisation workshop organised by CURE 
(http:///www.cure.group.cam.ac.uk/BioM/) and new 
links are being sought with University of 
Southampton to further advance this research. Dr 
Madabhushi is a member of the committee that is 
developing the new subject group Engineering for Life 
Sciences at Cambridge.  
 
Dr Madabhushi was presented with the Shamsher 
Prakash Research Award for 2005 and was cited for 
his contribution to the field of dynamic centrifuge 
modelling and finite element analyses. He was also 
awarded the TK Hsieh Award along with Dr 
Bhattacharya and Professor Bolton for the best paper 
in Geotechnique in the field of Soil Dynamics and 
Earthquake Engineering. He was also appointed as an 
Adjunct Professor in Department of Civil 
Engineering, Indian Institute of Technology, Bombay. 
In this capacity, he recently helped promote 
centrifuge modelling in India through the II National 

Workshop on Physical Modelling with support from 
Department of Science and Technology, India and 
Royal Society, UK under the India-UK Science 
Network program. 
 



 
 
Robert J Mair 
Master of Jesus College 
 
Professor of Geotechnical Engineering 
Head of Civil and Environmental Engineering 
 
My principal research interest is in the field of 
underground construction. I am an active consultant 
on tunnelling and underground construction projects 
around the world. The research group that I lead 
focuses on a number of fundamental and applied 
problems relating to innovative solutions and 
improving engineering practice.  
 
2006 was an exceptionally busy year for me. In March 
I delivered the Rankine Lecture (“Tunnelling and 
Geotechnics – New Horizons”, soon to be published 
in Géotechniqe) in London. Following that, while on 
sabbatical leave, I travelled extensively, presenting the 
lecture in Boston (at MIT), Berkeley, Vancouver, 
Melbourne, Sydney, Tokyo, Hong Kong, Shanghai, 
Tianjin, Beijing, Singapore and Athens.  
 
It has been a pleasure to have Professor Tom 
O’Rourke as a sabbatical visitor. He has been an 
inspiration to many of us in the Geotechnical Group, 
and there have been numerous examples of him 
interacting highly effectively both with our academic 
staff and our PhD students 
 

 
Professor Mair welcomes Professor Tom O’Rourke at the 
start of his sabbatical with the Geotechnical Group 
 
 
 
The following areas have been the focus of my 
research group on underground construction in 
2006: 
 
Effects of tunnelling on buried pipes 
In urban environments underground congestion is 
becoming increasingly important to tunnel designers. 
Estimating the effects of tunnelling on pipelines can be 
important, especially when the infrastructure is old 
and vulnerable; this generally receives less attention 
than the assessment of tunnelling effects on buildings.  
 
Recent work at Cambridge University has focussed 
on undertaking centrifuge model tests and developing 
new analytical solutions of pipeline response to 
tunnelling in terms of continuum elasticity; 
monitoring field performance of large diameter pipes 
affected by tunnelling has also been undertaken 
(Vorster et al, 2006a, Vorster et al, 2006b). This 
work received the 2006 Jennings Award of the South 
African Institution of Civil Engineers (with my former 
PhD student, Eduard Vorster, together with Assaf 
Klar and Kenichi Soga). 
 
My current PhD student Alec Marshall has conducted 
further centrifuge testing to elucidate the soil-
structure mechanisms when tunnels are constructed 
close beneath pipelines. He has used the GeoPIV 
process to study the detailed deformation 
mechanisms, and in particular to identify the 
circumstances when a gap may form beneath a 
pipeline as a result of ground settlement. Dr Assaf 
Klar of Technion – Israel Institute of Technology – 
has been a regular visitor and has continued to 
collaborate with us on pipeline-tunnel interaction 
problems. 
 
Effects of piles on tunnels 
Previous research at Cambridge (Jacobsz, PhD, 2002; 
Selemetas, PhD, 2005) has focused on the effects of 
tunnel construction close beneath piled foundations, 
an increasingly important problem as the demand for 
tunnels in congested urban environments increases. 
Also of importance is the effect of new pile 



construction on existing tunnels. How close can piles 
be constructed to tunnels without causing 
unacceptable deformations? Will the loading of the 
pile cause problems? What is the influence of the pile 
construction methods? My PhD student Johnson 
Chung has been undertaking centrifuge model tests 
to investigate these effects.   
 
Influence of building stiffness on excavation-
induced ground movements 
A substantial portion of the cost of deep excavations 
in urban environments can be related to the 
protection of adjacent structures and utilities that 
may be damaged as a result of excavation-induced 
ground movements. The choice of a particular 
construction method is often based, at least in part, 
on the potential ground movements and the 
anticipated behaviour of nearby buildings in response 
to those ground movements. My PhD student 
Mohammed Elshafie has been investigating the 
influence of building stiffness on ground and building 
movements. He has undertaken parametric studies 
using FE analysis and has tested models on the 
Cambridge 8m diameter beam centrifuge, simulating a 
deep excavation and adjacent buildings of different 
stiffness, using the GeoPIV process to study the 
detailed deformation mechanisms. Of particular 
significance is the influence of building stiffness in 
modifying the horizontal strains induced in the 
building.  
 
Forepoling and face reinforcement in 
tunnelling 
Tunnel face stability and associated ground 
movements can be controlled by means of 
reinforcement techniques such as face nailing and 
forepoling. My PhD student Kensuke Date has been 
studying  the effects of such processes on the ground 
movements by undertaking a series of centrifuge tests 
using the GeoPIV process to study the detailed 
deformation mechanisms. He has also undertaken 3D 
numerical analysis and has been analysing case 
histories of face nailing and forepoling on tunnel 
projects in Japan. The work is funded by the Kajima 
Technical Research Institute.  
 
Innovative sensor technologies for monitoring 
infrastructure 
I have been collaborating with Dr Kenichi Soga and 
Dr Peter Bennett on the novel application of fibre 
optic distributed strain measurement systems to 
monitoring infrastructure. Examples have included 
pile foundations and the monitoring of tunnel lining 
deformation in Singapore for the Land Transport 
Authority when a second tunnel was constructed in 
close proximity. 
 
I have also been collaborating with Dr Soga on 
projects he is leading, funded by the European 
Science Foundation and EPSRC, to develop innovative 
systems for monitoring the degree and rate of 
deterioration of tunnels and other infrastructure, 
using MEMS, computer vision and wireless 
technologies. Field trials are being planned.  

Publications in 2006 
 
1. Vorster, T.E.B., Mair, R.J., Soga, K., Klar, A. and 

Bennett, P.J. (2006) Using BOTDR fibre optic 
sensors to monitor pipeline behaviour during 
tunnelling. Third European Workshop on 
Structural Health Monitoring, July 2006, Granada 
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P., Fernie, R., St John, H.D. and Torp-Petersen, 
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Engineers, Geotechnical Engineering 159, July 
2006, Issue GE3, 135-144 
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1400. 
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Physical Modelling in Geotechnics - 6th ICPMG 
'06 - Ng, Zhang & Wang (eds) 2006 Taylor & 
Francis Group, London, ISBN 0-415-41586-1, pp. 
1151 - 1156. 
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(2006) Excavation-induced ground movements 
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Geotechnical Engineering, Graz, Austria - 
Schweiger (ed.) - © 2006 Taylor & Francis 
Group, London, ISBN 0-415-40822-9, pp. 375-
381. 
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Géotechnique 56 (9) 605-615 
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13. Wongsaroj, J., Soga, K. and Mair, R. J. (2006) 
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sensing in piles. Proc. Int. Conf. On Reuse of 
Foundations for Urban Sites, pp71-78, BRE press, 
ISBN 1-86081-938-9, 2006 

 



 
 
Kenichi Soga 
Churchill College 
 
Reader in Geomechanics 
 
Four postgraduate students joined my research group 
in October. Andy Leung (MSc, Berkeley, USA) and 
Dilan Robert (BEng, Moratuwa, Sri Lanka) started 
their PhD research on pile group optimisation and 
soil-pipeline interaction in unsaturated soil, 
respectively. Hirotoshi Mori (MEng, Kyoto, Japan) 
comes from Japan Public Works Research Institute 
and is developing a new smooth particle 
hydrodynamics code to simulate river levee failures 
for his MSc research. Shun Uchida (BSc, Waseda, 
Japan) is conducting MPhil research on fracture 
preventions in oil/gas recovery wellbores. Dr James 
Ransley (PhD, Cambridge) and Dr Binod Amatya 
(PhD, Tokyo Institute of Technology, Japan) joined 
the group as Research Associates in the autumn. 
James has a research background in micro electro 
mechanical systems (MEMS) and is developing new 
MEM strain sensors in collaboration with the 
Cambridge Nanoscience Centre. Binod worked on 
centrifuge modelling of piled foundations at Tokyo 
Tech and will be conducting field trials of our fibre 
optic distributed strain monitoring system. In 
December, Piau Cheong defended his PhD thesis 
entitled “Three Dimensional Finite Element Analyses 
of Soil-Pipeline Interaction”. He now works for 
Atkins as a geotechnical engineer.  
 
Dr Toru Inui of Kyoto University spent his sabbatical 
time with us from May 2006 to February 2007 
working on jet grouting (with Henry Ji) and 
environmental impact analysis of geotechnical 
structures (with Chris Chau). Mr Chikara Hirai of 
Japan Railway Technical Research Institute joined the 
group as a visiting researcher in September and is 
currently developing an innovative tool that assists 
the deployment of wireless sensor network in 

underground tunnels. Professor Taro Uchimura of 
the University of Tokyo is our latest visiting 
researcher from October and is working with Koson 
Janmonta on slope monitoring using fibre optics. Both 
Chikara and Taro will stay here until September 
2007. 
 
I had various academic overseas trips in 2006 to give 
seminars/lectures. I was in Japan in March for the UK-
Japan Sustainable Engineering Workshop organised by 
the British Embassy in Tokyo and in September for 
the International Symposium on Geomechanics and 
Geotechnics of Particulate Media at Yamaguchi. In 
July, I was invited by Universitat Politècnica de 
Catalunya to give a two week short course on soil 
behaviour and grouting. In August, I was in Hong 
Kong to deliver a keynote lecture at the International 
Conference on Physical Modelling in Geotechnics. In 
September, I went to Bangkok to give a keynote 
lecture at a symposium on Geo-Risk Engineering 
organised by the Engineering Institute of Thailand. I 
was a session leader for the 5th International 
Congress on Environmental Geotechnics held at 
Cardiff in June and for the International RUFUS 
(Reuse of foundations) conference held at Building 
Research Establishment in November. Also in 
November, I attended Natural Soils 2006 conference 
in Singapore. I was an invited speaker at the British 
Geotechnical Association Annual Conference in June 
and at a British Geotechnical Association Meeting in 
November. 
 
I joined the editorial board of Georisk and continue 
to serve as an editorial member of ASCE Journal of 
Geotechnical and Geoenvironmental Engineering, 
Vadose Zone Journal, and Geomechanics and 
Geoengineering : An International Journal.  
 
I received the 2006 George Stephenson Medal (with 
Sang Ratnam and Robert Whittle) from the 
Institution of Civil Engineers for the paper entitled "A 
field permeability measurement technique using a 
conventional self-boring pressuremeter" published in 
Geotechnique and the 2006 Jennings Award (with 
Eduard Vorster, Assaf Klar and Robert Mair) from 
the South African Institution of Civil Engineering for 
the paper entitled “Estimating the effects of tunnelling 
on existing pipelines” published in ASCE Journal of 
Geotechnical and Geoenvironmental Engineering. 
 
Fibre optic distributed strain monitoring and 
assessment of geotechnical structures 
(Hisham Mohamad, Koson Janmonta, Andy 
Leung, Dr Peter Bennett, Prof Taro Uchimura 
and Prof Robert Mair) 
We are developing a fibre optics distributed strain 
measurement system to monitor the performance of 
geotechnical infrastructure during and after 
construction. The field studies conducted in 2006 
were (i) pile load tests at Beckton with Skanska 
Cementation, (ii) installation at Highways Agency 
embankments and cuttings, and (iii) monitoring of 
tunnel lining deformation during twin tunnel 
construction in Singapore with Land Transport 



Authority. A new three year EPSRC project called 
“Smart Foundation” started in April to improve our 
monitoring system specifically for foundation systems 
and to develop a design tool that optimises the 
performance of foundations that require 
rehabilitation, repair and reuse. The development is 
in collaboration with Dr Assaf Klar of Technion. The 
collaborators of the project are Skanska 
Cementation, Arup, Whitby Bird, Geotechnical 
Consulting Group, Northwestern University and US 
National Science Foundation. 
 
Underground M3  (Rich Laver, Juan Brugada, 
Chikara Hirai, Dr James Ransley, Dr Peter 
Bennett, Prof Taro Uchimura, Dr Ashwin 
Seshia, Prof Roberto Cipolla and Prof Robert 
Mair) 
This is a new three year research project funded by 
European Science Foundation and EPSRC. The main 
aim of the research is to develop a system that uses a 
tiered approach to monitor the degree and rate of 
deterioration of underground tunnels. It is proposed 
that the system comprises of (1) Tier 1: Micro-
detection using advances in computer vision, and, (2) 
Tier 2: Micro-monitoring and communication using 
advances in MEMs and wireless communication. 
These potentially low-cost technologies will be able 
to reduce costs associated with end-of-life structures. 
Cambridge University is the project leader and the 
project partners include Consiglio Nazionale delle 
Ricerche, Universitat Politècnica de Catalunya and 
Czech Technical University in Prague. 
 
Wireless sensor network: Smart 
Infrastructure (Oleg Podsechin, Rich Laver, 
Chikara Hirai, Dr James Ransley, Dr Peter 
Bennett, Dr Neil Hoult, Dr Dan Cvrcek, Prof 
Taro Uchimura, Dr Campbell Middleton, Dr 
Ian Wassell, Dr Frank Stajano and Prof Robert 
Mair) 
This a new £1.5 million EPSRC funded joint research 
project between the University of Cambridge and 
Imperial College London and comprises an integrated 
research program to evaluate and develop prototype 
wireless sensor network systems. The main 
objectives are to bridge advances in modelling large-
scale engineering infrastructure with advances in 
wireless sensor networks and to develop a low-cost 
smart sensing environment for monitoring ageing 
public infrastructure. Three application domains will 
be studied in detail: (i) monitoring water supply and 
sewer systems, (ii) monitoring tunnels, and, (iii) 
monitoring bridges. The complexity of the 
monitoring system requires the following research 
areas to be explored: sensor systems; wireless 
communications; autonomous systems; information 
management; programming and design tools; trust 
security and privacy; systems theory; human factors 
and social issues. Field trials will be carried out with 
London Underground, Thames Water, Yorkshire 
Water, The Highways Agency and Humber Bridge. 
 
 

Soil grouting (Khalid Gafar, Henry Ji and Dr 
Toru Inui) 
Khalid Gafar is investigating the soil deformation and 
fracturing mechanisms that occur during grouting in 
sandy soils using large scale physical models. He is 
evaluating the effects of soil density, confinement, 
injection rate, water cement ratios and bentonite 
content. The work is in collaboration with Dr Adam 
Bezuijen of GeoDelft and Khalid is conducting some 
of the experiments over there. The work is funded 
partly by Japan Anchor Association. Henry Ji and Dr 
Toru Inui are investigating the fundamental 
mechanisms of jet grouting. A series of physical 
models of jet grouting in sandy soils have been 
performed for the investigation. The influence zone 
of jet grouting is assessed under various operational 
conditions.  
 
Soil-pipeline interaction (Piau Cheong and 
Dilan Robert)  
Bended pipes are often used in urban areas to change 
pipeline alignment. Piau Cheong performed 3D FE 
analysis to quantify the increase in soil pressure at an 
elbow section when ground movement occurs. A 
new design chart that considers the elbow effects has 
been developed based on the numerical analysis 
results. Dilan Robert is investigating the effect of soil 
water suction on soil-pipeline interaction in 
collaboration with Prof Tom O’Rourke of Cornell 
University. These works are supported by Tokyo 
Gas. 
 
Soil fracture modelling (Albert Ng and Shun 
Uchida) 
Albert Ng is investigating the fundamental mechanism 
of soil fracturing in clayey soils. He is performing soil 
fracturing tests and is developing a soil-fluid coupled 
numerical code that simulates soil fracturing by fluid 
injection. The work is funded by EPSRC and the 
Hong Kong government (with Dr Alfred Au of the 
University of Hong Kong). Shun Uchida is examining 
the feasibility of new fracture prevention technologies 
used in oil/gas recovery wellbores. The work is 
supported by Schlumberger.  
 
Methane hydrate extraction (Albert Ng, Tricia 
Lee and Juan Brugada) 
We continue to make improvements on our methane 
hydrate simulator that computes ground deformation 
when methane hydrate dissociates and methane gas is 
produced. The work is in collaboration with Dr Assaf 
Klar of Technion. Tricia Lee is investigating the 
stability of wellbore used for methane extraction. 
Assaf and Albert Ng performed numerical simulations 
of the methane extraction trial at Mallik, Canada 
scheduled in winter 2007/2008. Juan Brugada started 
his investigation on mechanical behaviour of MH soils. 
The work is supported by the Japanese Methane 
Hydrate 21 Consortium, the National Institute of 
Advanced Industrial Science and Technology (AIST), 
and Japan Oil, Gas and Metals National Corporation 
(JOGMEC). Tricia is sponsored by Norwegian 
Geotechnical Institute and Juan is sponsored by the 
Mexican government.   



Heterogeneity effects on contaminant source 
zone characterisation (with Panos 
Nikolopoulos) 
Soil heterogeneity creates heterogeneous non-
aqueous phase contaminant source zone, which 
contaminates the groundwater. The rate of 
contaminants dissolving into groundwater is governed 
by complex distribution of NAPL as well as local 
groundwater movements around the source zone. 
Panos Nikolopolous is developing a three dimensional 
NAPL source zone model that allows more accurate 
evaluation of mass flux coming out from a 
heterogeneous NAPL source. The work is in 
collaboration with Dr Richard Whalley of 
Rothamsted Research and is supported by BBSRC. 
 
Insitu assessment technologies and long term 
assessment of contaminant containment 
systems (with Kaushal Joshi) 
It is essential to understand the long term behaviour 
of materials used for contaminant containment 
systems. However, to date, little is known about the 
evolution of the properties of materials such as 
cement-bentonite due to ageing and chemical 
reactions from contact with the contaminants. 
Kaushal Joshi is conducting both permeability and 
triaxial testing on fresh homogeneous cast samples, 
10 year old uncontaminated homogeneous samples 
cast from the mixer at the time of construction and 
10 year old contaminated heterogeneous samples 
taken from actual cement bentonite walls. The study 
aims to provide insight into the overall evolution of 
the properties of cement-bentonite in an aggressive 
field environment. Based on the work, a guidance 
report to perform insitu testing on contaminant 
containment systems and to assess its long term 
performance is currently being prepared in 
collaboration with the Building Research 
Establishment. The work is a continuation of the 
EPSRC project “In Situ Assessment of Contaminant 
Containment Systems,” which ended in June 2006. 
 
Environmental impacts of geotechnical 
infrastructure (with Chris Chau and Dr Toru 
Inui) 
Chris Chau and Dr Toru Inui are evaluating the 
environmental impacts of geotechnical construction 
in order to establish how the environmental impact 
analyses such as embodied energy calculation and 
airborne emissions can be used to inform the choice 
of different construction methods and the 
maintenance and renewal regime. The case histories 
used for the project include the Channel Tunnel Rail 
Link project and several large scale basement 
construction sites in London. Chris Chau is 
supported by an EPSRC-Arup Case Studentship and 
the project is in collaboration with Dr Nick 
O’Riordan and Duncan Nicholson of Arup 
Geotechnics.  
 
Self-boring processes of self-boring 
pressuremeter (Lian Liu) 
Minimum disturbance of tested medium during self-
boring is essential for acceptance of this tool in the 

area of compliance testing of critical engineered 
structures. A new instrumented self-boring device 
has been developed in collaboration with Cambridge 
Insitu. Lian (Leo) Liu is using this device to monitor 
the pore pressure changes during self-boring to 
better understand the underlying drilling mechanisms. 
He is also investigating the effect of soil disturbance 
on the quality of pressuremeter data using the strain 
path method and finite element analysis. The work is 
in collaboration with Professor Andrew Whittle of 
MIT and Leo is sponsored by Cambridge Insitu. 
 
Tunnel construction processes (with Kensuke 
Date and Prof Robert Mair) 
Kensuke Date is working on tunnel face stabilisation 
using fore-poling and face bolt methods. He 
conducted a series of centrifuge tests that simulate 
the construction processes in order to find the soil 
deformation mechanisms associated with these 
methods. He is also performing three dimensional 
numerical simulations of the centrifuge tests. The 
work is funded by Kajima Technical Research 
Institute. 
 
Centrifuge modelling of submarine landslides 
(C.S. Gue, Dr Dongfang Liang and Prof 
Malcolm Bolton) 
C.S. Gue is investigating the mechanisms of 
submarine landslides. He has been conducting a series 
of mini-drum centrifuge tests and examining the 
centrifuge scaling law for underwater debris flow. 
Gue is sponsored by the Norwegian Geotechnical 
Institute. 
 
Smooth particle hydrodynamics modelling of 
coupled soil deformation and water/air flows 
(Hirotoshi Mori, Dr Fehmi Cirak and Dr 
Dongfang Liang)  
A numerical code based on the Smoothed Particle 
Hydrodynamics (SPH) method is currently being 
developed to investigate river levee failures by 
seepage. This research investigates the applicability of 
this numerical analysis method to reproduce trapped 
air in the levees and the large deformation of the 
levees by circular slip and progressive piping. 
Hirotoshi Mori is sponsored by Japan Public Works 
Research Institute. The work is in collaboration with 
Drs Fehmi Cirak and Dongfang Liang of the 
Engineering department and Dr Yusuke Ono of 
Kyoto University, who is currently spending his 
sabbatical at the Cambridge University Architecture 
Department.   
 
Publications in 2006 
 
1. Au, S.K.A., Soga, K., and Yeung, A.T. (2006). A 

new laboratory apparatus for grout injection studies. 
Geotechnical Testing Journal, ASTM, Vol. 29, 
No.2, pp.95-101. 

 
2. Au, S.K.A., Yeung, A.T. and Soga, K. (2006) : 

Pressure-controlled cavity expansion in clay, 
Canadian Geotechnical Journal, Vol. 43, No.7, pp. 
714-725 



 
3. Klar,A., Bennett, P.J., Soga, K., Mair, R.J., Tester, 

P., Fernie, R., St John, H. and Torp-Peterson, G. 
(2006) : The importance of distributed strain 
measurement for pile foundations, ICE Journal of 
Geotechnical Engineering, Vol. 159, No. GE3, 
pp.135-144 

 
4. Vorster, T.E.B., Soga, K., Mair, R.J., Bennett, P.J., 

Klar, K. and Choy, C.K. (2006) : The use of fibre 
optic sensors to monitor pipeline behaviour, 
Proceedings of ASCE GeoCongress 2006, 
Geotechnical Engineering in the Information Age, 
ASCE, (in CD-Rom) 

 
5. Klar, A. and Soga, K. (2006) Mitigation of surface 

fault ruptures by use of “isolated” pipelines, ASCE 
Geotechnical special publication No. 152, pp. 
425-432 

 
6. Cheong, T.P., Soga, K., Yoshizaki, K. and 

Sakanoue, T. (2006), Numerical Modelling of Buried 
Bended Elbow-Pipeline Subjected to Lateral Ground 
Displacements, Pipelines 2006: Service to the 
Owner, Proceedings of the ASCE Pipeline 
Division Specialty Conference, Chicago, ASCE, 
(in CD-Rom) 

 
7. Culligan, P. and Soga, K. (2006) : Non-Aqueous 

Phase Liquid Behaviour in the Subsurface: 
Transportation, Source Zone Characterization and 
Remediation, Keynote paper, Proceedings of the 
International Conference on Physical Modelling 
in Geomechanics, Taylor and Francis, Vol. 1, pp. 
29-45 

 
8. Ng, M.Y.A, Klar, A., Soga, K., Takagi, K. and 

Okawa, K. (2006) : Physical and numerical 
modelling of horizontal gas-hydrate wells, 
Proceedings of the International Conference on 
Physical Modelling in Geomechanics, Taylor and 
Francis, Vol. 2, pp. 1501 -1506 

 
9. Vorster, T.E.B., Mair, R.J., Soga, K., Klar, A. and 

Bennett, P.J. (2006) Using BOTDR fibre optic 
sensors to monitor pipeline behaviour during 
tunnelling, Proceeding of the Third European 
Workshop on Structural Health Monitoring, 
Granada, pp. 930-937 

 
10. Soga, K., Gafar, K.O., Ng, M.Y.A. and Au, S.K.A. 

(2006): Macro and micro behaviour of soil fracturing, 
Balkema, Geomechanics and Geotechnics of 
Particulate Media, Taylor and Francis, pp. 421-
427  

 
11. El-Shafie, M.Z.E.B., Mair, R.J., Soga, K. & Choy, 

C.K. (2006). Excavation induced ground movements 
behind a single-propped wall. Proceedings of The 
Sixth European Conference on Numerical 
Methods in Geotechnical Engineering, Graz, 
Austria - Schweiger (ed.), Taylor & Francis 
Group, pp. 375-381 

 

12. Soga, K. (2006) Innovation in Monitoring and 
Assessment of Ageing Civil Engineering Infrastructure, 
Proceeding of Geo-Risk Engineering, The 
Engineering Institute of Thailand, pp.14-27 

 
13. Bennett, P.J., Klar, A., Vorster, T.E.B., Choy, 

C.K., Mohamad, H., Soga, K., Mair, R.J., Tester, 
P.D. and Fernie, R. (2006) Distributed optical fibre 
strains sensing in piles, Reuse of Foundation for 
Urban Sites, Proceedings of International 
Conference, A.D. Butcher, J.J.M. Powell, H.D. 
Skinner (eds.), HIS Press, EP73, pp. 69-78 

 
14. Chau, C., Soga, K. and Nicholson, D. (2006) 

Comparison of embodied energy of four different 
retaining wall systems, Reuse of Foundation for 
Urban Sites, Proceedings of International 
Conference, A.D. Butcher, J.J.M. Powell, H.D. 
Skinner (eds.), HIS Press, EP73, pp. 277-285 

 



 
 
I Thusyanthan 
Churchill College 
 
Lecturer 
 
I joined the Geotechnical Research Group as a 
Lecturer in October 2006 after having been a 
Research Fellow of Churchill College since October 
2005. I spent the early part of 2006 preparing papers 
based on the results of my PhD research work on 
the behaviour of municipal solid waste landfill systems 
under static and dynamic loading. I was also employed 
with the Geotechnical Group at Mott MacDonald 
(Cambridge Office) on some of their projects which 
gave me good industrial experience.  
 
In August 2006, I presented two oral presentations [6 
and 7] at the 6th International Conference on Physical 
Modelling in Geotechnics which was held at Hong 
Kong University of Science and Technology. During 
my stay in Hong Kong I made visits to City University  
and the Centrifuge facility of HKUST. The visit has 
initiated prospective collaboration work with Dr C Y 
Cheuk of City University for next year.  
 
My research work and interests are summarised 
below: 
 
Understanding the tensile strength of clay/ 
cracking in clay [1]

Tensile strength and cracking in clay are important 
phenomena that affect the strength and permeability 
of clays in many facilities such as in dams, 
embankments and landfill clay liners. My research 
work in this area has produced promising insights 
into the tensile strength and criteria for crack 
initiation in kaolin clay (Fig.1). The results of this 
research have been accepted for publication in 
Géotechnique.  
 
Further research is planned to extend the findings to 
natural clays such as seabed clay. This work is funded 
by Perry Slingsby Systems and aims to understand the 
tensile strength of seabed clay in relation to its soil 
properties such as plasticity index and undrained 
shear strength.   
 
 

Uplift resistance of offshore pipelines  
Present understanding on uplift resistance of buried 
offshore pipelines is based on analytical and 
experimental work of many researchers However, 
almost all the experimental work on uplift resistance 
has been carried out in granular soils and there is lack 
of experimental work in clay. Furthermore, there are 
many unanswered questions such as the effect of the 
degree of consolidation of backfill, effect of rock-
dump and the speed of pipe movement on the uplift 
resistance in clayey backfills.  
 
Throughout 2006, we have carried out industrial 
research work for Fugro Limited, Talisman Energy 
UK Limited and SETech Geotechnical Limited on 
various aspects of uplift resistance of offshore 
pipelines. After noting the lack of understanding of 
upheaval buckling in clay backfill, I am preparing my 
first grant to EPSRC on “Offshore geotechnics of 
seabed clay and buried pipelines”. This research 
project will extend the present understanding of 
uplift resistance in sand by investigating the main 
factors that affect the uplift resistance in clay.   
 
 
Tsunami wave loading on coastal houses and 
tsunami safe(r) house design[2]

The Boxing Day tsunami of 2004 caused devastating 
damage to many civil structures and even more 
damage to coastal houses. The economic and financial 
loss to the coastal community can be reduced by 
having tsunami resistant designs for coastal houses.  
 
My MEng students, Ron Hakin and Abdur Modoni, 
are currently working on understanding wave loading 
on coastal structures by performing wave loading 
experiments. The research aims to understand the 
tsunami wave loading on houses and investigate the 
effectiveness of different house and foundation 
designs that are more robust to tsunami wave 
loading. The research involves model testing of new 
and old house designs to wave loading in a large wave 
tank. This research is funded by the Royal Society. 
Video clips from some tests can be found at 
www2.eng;.cam.ac.uk/~it206. 
 
Effect of ground borne vibrations on 
underground structures[7]

Vibrations produced on the ground surface by 
engineering construction processes can damage 
ageing underground structures such as pipes and 
tunnels. This research aims to understand the role of 
the material used in lining of underground 
pipes/tunnels on the amount of vibrations transferred 
into the structure. My MEng student, Michael 
Williamson, is working on this research project. 
Michael is investigating the transfer of vibrating 
surface loads into concrete and brick lined tunnels.  

 
Long term integrity of landfills and centrifuge 
modelling of landfill systems[3, 4, 5, 6]

Long-term integrity of landfills is vital for prevention 
of any possible pollution from leaking leachate. This 
research work has results in three journal 



publications[3, 4, 5]. I am currently working with Dr 
Gopal Madabhushi on an EPSRC research proposal 
(in preparation) to continue and advance this 
research further. This project, ‘Modelling the 
Integrity of Landfill Lining Systems (MILLS)’ is a 
collaborative project with University of 
Loughborough and University of Dundee.  
 
Publications  in 2006: 
 
1. Thusyanthan, N.I., Madabhushi, S.P.G., Take, 

W.A., and Bolton, M.D. (2007), Crack initiation in 
clay observed in beam bending, accepted for 
publication in Géotechnique.  

 
2. Thusyanthan, N.I, Madabhushi, S.P.G. (2006), 

Model testing of tsunami safe(r) house design, 
Proceedings of the First European Conference 
on Earthquake Engineering and Seismology (a 
joint event of the 13th ECEE & 30th General 
Assembly of the ESC), Geneva, Switzerland, 3-8 
September 2006. 

 
3. Thusyanthan, N.I, Madabhushi, S.P.G. and Singh, 

S. (2007), Tension in geomembranes on landfill 
slopes under static and earthquake loading – 
Centrifuge study, accepted for publication in 
Geotextiles and Geomembranes, an official 
Journal of the International Geosynthetics 
Society. 

 
4. Thusyanthan, N.I, Madabhushi, S.P.G. and Singh, 

S. (2006), Centrifuge Modelling of Solid Waste 
Landfill Systems—Part 1: Development of a Model 
Municipal Solid Waste, ASTM Geotechnical 
Testing Journal, Volume 29, Issue 3, 217-222. 

 
5. Thusyanthan, N.I, Madabhushi, S.P.G. and Singh, 

S. (2006), Centrifuge Modelling of Solid Waste 
Landfill Systems—Part 2: Centrifuge Testing of 
Model Waste, ASTM Geotechnical Testing 
Journal, Volume 29, Issue 3, 223-229. 

 
6. Thusyanthan, N.I, Madabhushi, S.P.G. and Singh, 

S. (2006), Centrifuge modelling and testing of 
Municipal Solid Waste (MSW) landfills, Proceedings 
of the International Conference on Physical 
Modelling in Geotechnics 2006, Hong Kong. 

 
7. Thusyanthan, N.I, Chin, S.L.D., and Madabhushi, 

S.P.G. (2006), Effect of ground borne vibrations on 
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(a) Crack initiation in clay beam 
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(b) Strain profile in clay beam  
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(c) Strain at crack initiation vs initial suction in clay 
 
Figure 1: Tensile failure of clay beams during 4 point 
bending test  
 



 
 
Dave White 
Downing College 
 
Lecturer 
 
During 2006, research into the behaviour of piles and 
pipelines continued, enhanced by new links with the 
Japanese Ports and Airports Research Institute 
(PARI) and BP’s Greater Plutonio development team. 
The quadrennial ICPMG conference focussing on 
centrifuge modelling techniques was held in August 
2006 in Hong Kong, featuring >20 papers from the 
Schofield Centre. I acted as General Reporter for 
pipelines, offshore foundations and liquefaction 
behaviour. 
 
My research student Andrew Deeks completed the 
main centrifuge testing phase of his PhD, examining 
the response of jacked piles. Meanwhile, my two 
undergraduate Giken scholars, Andrew Jackson and 
Marcus Gillard, spent their summer vacation testing 
full-scale piles in Japan, hosted by Giken Seisakusho. 
A crop of lively 4th year project students – Helen 
Dingle, Jennie Gates, Mark Reid and Andy Sims – 
completed MEng projects on mudmats, earth road 
rutting, and teaching aids for the demystification of 
soil mechanics. 
 
Andrew Deeks, Helen and Mark are to be 
congratulated on completing a clean sweep of the 
Geotechnical Group Workshop prizes – sponsored 
by Atkins Ltd – winning awards for the best PhD 
poster, and the best and runner-up MEng projects 
respectively. Meanwhile, I was awarded the 2006 
Telford Premium by the ICE, for a joint paper with 
Prof Bolton comparing CPT and pile base 
resistance[1]. 
 
In November I left Cambridge to begin an extended 
period of Leave of Absence based at the Centre for 
Offshore Foundation Systems at the University of 
Western Australia, Perth.  Andrew D and Helen 
came with me; Andrew to continue his PhD and 
Helen to undertake centrifuge testing related to 
Phase II of the SAFEBUCK JIP. Some research 
outcomes from 2006 are described below. 
 

In addition to my research and teaching activities, I 
served on the Editorial Boards of Géotechnique and 
the International Journal of Physical Modelling in 
Geotechnics and was appointed to the Editorial 
Board of the ASTM Geotechnical Testing Journal 
from 2007. I sat on the ISO Committee responsible 
for drafting the new standard for jack-up rig 
operation and have been Secretary of Technical 
Committee 2 (Geotechnical Physical Modelling) of 
the International Society for Soil Mechanics and 
Geotechnical Engineering since January 2006.  
 
Pile design 
Following earlier work into the underlying 
deformation mechanisms governing pile capacity, 
recent publications have described appropriate design 
methods that capture the governing behaviour[2]. 
Insights into the phenomenon of friction fatigue 
previously deduced from centrifuge testing[3] have 
been supported by laboratory testing[4]

. The new 
UWA-05 method of pile design in sand, which 
incorporates these mechanisms, has been tentatively 
extended for other soils, using a CPT-based 
approach[5] and the effects of time have been 
examined[6][7]. PARI supported this work by providing 
access to their latest data from pile load tests 
associated with the new Tokyo port bay bridge. This 
extension incorporates the effect of soil type on CPT 
penetration-induced excess pore pressure, and the 
subsequent dissipation behaviour. Coupled cavity 
expansion finite element analysis has been used to 
model this behaviour[8]. 
 
This work was aided by visits to Cambridge by James 
Schneider (March – April) and Prof Barry Lehane 
(September – December), both from UWA, Perth. A 
further collaborative link with Dr Oliver Reul led to a 
publication in German, back-analysing the load-
settlement behaviour of piles in over-consolidated 
clay for the 13th Darmstadt geotechnical 
colloquium[9]. 
 
Jacked piles 
During July 2006, I visited Giken Seisakusho (in 
Kochi, Japan), to review our recent research into 
jacked piles, accompanied by Giken-sponsored 
students. They undertook a series of tests aimed at 
investigating ‘set-up’ of jacked piles, and gathered data 
from the operation of Giken’s new torsional pile 
jacking machine – the ‘gyropiler’. 
 
Andrew Deeks’ PhD centrifuge modelling of the load-
settlement behaviour of jacked piles has confirmed 
the surprisingly high base stiffness arising from this 
installation method, supporting our previous field-
scale observations[10][11]. His well-controlled 
centrifuge tests have allowed the separate effects of 
confining stress (or depth) and local cone tip 
resistance to be quantified, and modelled using a 
simple ‘t-z’ type response[12]. Yueyang Zhao’s PhD 
work, including in-flight seismic wave measurements 
near an advancing pile tip, has provided insight into 
the stress field surrounding a pile during and after 
installation[13].  



Helen Dingle extended her MEng project with 
additional analysis of her field-scale measurements of 
axial base and shaft response for piles jacked at two 
sites in Japan[14]. The combination of field-scale tests, 
supported by parametric studies in the centrifuge, 
lends confidence to the proposed design methods for 
jacked pile response, which indicate far stiffer 
behaviour than conventional bored or driven piles. 
 
The key outcomes of our long collaboration with 
Giken Seisakusho, initiated by Prof Bolton and Giken 
in 1994, were summarised in a review paper 
prepared for the PARI-organised workshop on 
advances in deep foundations[15]. Giken held the 
inaugural event of the ‘International Press-in 
Association’ in Kochi in 2005. Establishment of this 
association of researchers and practitioners 
interested in Giken’s press-in technology continued 
in 2006, with input from Professor Bolton and myself. 
The next meeting of the IPA will be in Cambridge in 
February 2007, hosted at the Schofield Centre. 
 

 
Figure 1. Field testing in Kochi, Japan (with Andrew Deeks, 
Andrew Jackson & Marcus Gillard) 
 
Seabed pipeline behaviour 
Research into the behaviour of on-bottom seabed 
pipelines continued, driven by Phase II of the 
SAFEBUCK JIP and by a long term link with members 
of BP’s Greater Plutonio pipeline development team, 
co-ordinated by David Bruton at Boreas Consultants. 
The primary goal of this work is to develop design 
methods for the axial and lateral response of on-
bottom pipelines, in order to aid the analysis of 
controlled lateral buckling, which provides a cost-
effective solution for accommodating thermal loading 
of deep water pipelines. 
 
Collaboration continued with Dr Johnny Cheuk, who 
completed his PhD on seabed pipelines in December 
2004 and is now based at City University, Hong 
Kong. Papers describing experimental data from 
SAFEBUCK Phase I and new analytical models for the 
lateral response on on-bottom pipelines were 
completed[16][17]. David Bruton presented the key 
conclusions from SAFEBUCK Phase I at the Offshore 
Technology Conference[18][19]. Related work 
concerned with models for riser-soil interaction in 
collaboration with Technip Offshore Limited. was 

presented at the Deep Offshore Technology 
Conference in Houston[20]. 
 
Large-scale pipe-soil interaction testing has been 
conducted at the Norwegian Geotechnical Institute 
to aid the design of BP’s Greater Plutonio pipelines, 
in deep water offshore West Africa. I was involved in 
the planning and interpretation of these tests, leading 
to new recommendations for analysis. This work 
dovetails with the SAFEBUCK JIP Phase II work, 
which is being undertaken by Senthil Arasu at the 
Schofield Centre under Prof Bolton’s direction. 
Parallel laboratory and centrifuge models have been 
tested, mimicking the large-scale work at NGI, to 
lead to (i) improved analysis of pipe-soil interaction 
and (ii) efficient modelling techniques to improve site 
characterisation. 
 
Additional centrifuge tests were conducted at UWA 
by Helen Dingle, using a new dual-test format to yield 
both high quality load data, and also clear images of 
the associated soil deformation data for image-based 
PIV analysis. These experiments involved >100 cycles 
of lateral pipe movement under constant vertical load 
within a conventional test chamber. The resulting 
displacement data was then used as the actuator 
input for a subsequent set of tests conducted behind 
a viewing window (affected by the inevitable pipe-
window friction) (Fig. 2). The resulting PIV analysis is 
aiding the interpretation of the load-displacement 
response and guiding the development of appropriate 
plasticity solutions for pipe-soil interaction. I will 
deliver an invited keynote on pipe-soil interaction at 
the 2007 ISOPE conference, with Prof Mark 
Randolph[21].  
 

 
Figure 2. Pipe-soil interaction tests using the beam 
centrifuge at UWA (with Helen Dingle) 
 
Buried pipeline behaviour 
Meanwhile, for shallow water developments, where 
pipelines must be trenched and buried, there remains 
uncertainty over the assessment of uplift resistance, 
to control thermally-driven upheaval buckling.  
 
Johnny Cheuk’s experiments into uplift resistance in 
sand have guided the development of analytical 
solutions for pipe uplift, calibrated by a large database 
study. The observed mechanisms highlight the 
difficulty of applying classical limit plasticity to 
constrained boundary value problems in sand, where 
normality is not observed[22]. An alternative analysis 
based on limiting equilibrium, that more closely 
matches the observed mechanism, has been 
proposed[23]. 
 



The more challenging burial conditions of backfilled 
clay lumps required a suite of project-specific model 
tests to be conducted using the minidrum centrifuge 
for a new pipeline in the North Sea. Working with 
Dr Thushy Thusyanthan, a series of tests were 
performed for Talisman Energy UK Ltd to assess the 
consolidation and uplift resistance of lumpy clay with 
and without rockdump protection. A novel technique 
using frozen gravel to simulate rockdump allowed the 
model to survive spin-up of the minidrum centrifuge. 
 

17 mm 

 
 

 
Figure 3. Minidrum centrifuge testing of (temporarily) 
frozen rockdump and lumpy clay backfill (with Dr Thushy 
Thusyanthan) 
 
Spudcan foundation analysis 
Research into the behaviour of spudcan foundations, 
used to support the legs of mobile offshore drilling 
units, has continued in collaboration with Prof 
Randolph (UWA) and Dr Yuxia Hu (Curtin 
University, Perth). Image analysis of centrifuge tests 
conducted by PhD student Shazzad Hossain at UWA 
was used to validate FE predictions for the onset of 
‘flow-round’ during deep spudcan penetration. These 
tests identified that the existing design approach 
(which is based on wall collapse rather than flow-
round) significantly over-predicts the depth of open 
cavity above a spudcan. 
 
New design guidance that predicts a shallower cavity 
depth based on this new mechanism has been 
published, and a correspondingly revised method for 
the prediction of penetration resistance has been 
proposed[24]. The implications of this advance are that 
greater moment restraint and tensile capacity may be 
provided by jack-up foundations than previously 
predicted. 
 
Kar Lu Teh visited Cambridge from the National 
University of Singapore (NUS) for one month, to 
work on the bearing capacity of spudcan foundations 
on sand, and on sand overlying clay, as part of her 

PhD studies. A new analysis based on Bolton’s 
correlations for peak friction angle, was developed to 
improve predictions of spudcan bearing capacity on 
sand. This analysis tackled the assessment of an 
appropriate friction angle, which is the key source of 
uncertainty in a bearing capacity calculation[25]. 
 
Other activity 
Shallow foundation behaviour 
Prior to Dr Ashraf Osman’s departure from 
Cambridge to take up a lectureship at Durham 
University, we collaborated with Prof Bolton to 
develop a new approach for capturing non-linearity in 
the assessment of shallow foundation load-settlement 
behaviour, under vertical, horizontal or moment 
loading. The approach uses a simple linear scaling of 
the deformation and load axes, based on bearing 
capacity and compatibility factors. Non-linear finite 
element analysis was used to confirm the accuracy of 
the linear scaling and assess appropriate compatibility 
factors[26]. This approach – termed Mobilisable 
Strength Design by Prof Bolton – offers a simple 
method for capturing non-linearity in routine design. 
 
Image analysis 
The image analysis system developed with Dr Andy 
Take (formerly of Cambridge University Engineering 
Department and now at Queen’s University, Canada) 
during our PhD research continues to be used at >25 
research institutes worldwide. An example vector 
field from our GeoPIV software showing breakout of 
an on-bottom pipeline is shown in Figure 4. I 
presented a lecture on image analysis in geotechnics 
at Imperial College as part of their summer seminar 
programme. 
 

 
Figure 4. GeoPIV analysis of pipe breakout (with Helen 
Dingle) 
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M.D. & Carr M.C. 2006.  Pipe-soil interaction 
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The researchers 
 
Each research worker in the 
Geotechnical and Environmental 
Research Group has prepared a 
short description of their 
activities during 2006. Their 
reports are collated according to 
the following research areas: 
 

• Earthquake engineering 
• Geoenvironmental 

engineering 
• Ground Improvement 
• Waste and Sustainable 

Products 
• Soil mechanics 
• Slopes and Landslides 
• Foundations and Pipelines 
• Underground construction 

 
 
 
 



 
 
 
 
 
 

Research area:  
Earthquake 
engineering 
 
 
 
 
 
 
 
 
 
 

 
 
Ulas Cilingir 
Downing College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 2nd 
PhD Topic: Behaviour of Tunnels in 

Earthquakes 
 
I received my BS degree in Civil Engineering from 
Middle East Technical University in 2003. After 
completing my second BS degree (double major) in 
Geological Engineering and my MS degree in Civil 
Engineering in 2005 at the same university, I joined 
the Geotechnical Research Group at the University 
of Cambridge. I am a member of Downing College. 
 
My PhD research is entitled “Behaviour of Tunnels in 
Earthquakes”.  Safety of underground structures is 
quite important during and following a major 
earthquake event. Current understanding of the 
seismic behaviour of tunnels is rather limited and 
relies on elastic behaviour of soil and tunnel 
structures. 
 

The subject of tunnel safety under earthquake 
motions is a multidisciplinary subject combining 
several different fields of civil engineering practice 
such as geotechnical earthquake engineering, soil 
mechanics and structural dynamics. In this manner, 
the following items are selected as the main points to 
be concentrated on: 
 
• Dynamic soil-structure interaction between soil 

and tunnels with different flexibilities. 
• The effect of soil liquefaction on tunnels. 
• The effect of underground structures on the 

local amplification or attenuation of propagating 
ground motion. 

• The collapse mechanisms (the resistance of 
tunnels to earthquake loading). 

• Directivity effects. 
• Developing better analytical and/or numerical 

tools to simulate the dynamic soil-structure 
interaction of tunnels. 

 
The research is composed of two parts. The first part 
is composed of experiments on dry sand where the 
change of stress conditions around the tunnel and the 
deflection of the tunnel section due to the 
earthquake perturbations will be investigated more in 
detail. Different tunnel sections with different 
dimensions and varying depth to diameter ratios will 
be tested using centrifuge and shaking table facilities. 
The tunnel displacement will be recorded using a high 
speed camera and then PIV (Particle Image 
Velocimetry) analyses will be carried out. The second 
part of the research deals with the liquefaction 
related to floating and/or subsidence of tunnels.  
Emphasis will be given to the displacement of a tunnel 
section which is built in a liquefiable ground. 
 
My research is supported by Yuksel Proje 
Uluslararasi A.S. engineering consulting company. 
Their support is greatly appreciated. 
 
Publications in 2006: 
 
1. Cilingir, U., Effects of earthquakes on underground 

structures in soft ground, 1st year research report, 
University of Cambridge, UK, 2006 

 
2. Cilingir, U. and Madabhushi G., Observation of soil 

displacement around tunnels subjected to earthquake 
loading, 4th International Conference on 
Earthquake Geotechnical Engineering, 
Thessaloniki, 2007 (In Review) 



 
 
Paulo Lopes de Coelho 
Churchill College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 5th 
PhD Topic: Densification as a Liquefaction 

Resistance Measure for Bridge Foundations 
 
I started my PhD at Cambridge University 
Engineering Department in April 2002, joining a 
research project funded by the Engineering and 
Physical Sciences Research Council (EPSRC) and 
Mott MacDonald, UK. The research considers the 
use of densification to mitigate the effects of 
liquefaction on shallow bridge foundations. 
 
The research combines physical modelling, element 
testing and numerical modelling to achieve the 
proposed objective. Centrifuge models clarify the 
mechanisms relevant to failure of shallow foundations 
induced by earthquake-induced liquefaction and the 
importance of the geometry of improvement. The 
use of combined techniques to improve the overall 
performance of densification as a liquefaction 
mitigation technique is also assessed. Element testing 
characterizes the basic mechanical behaviour of the 
liquefiable sand, both in static and cyclic conditions. 
Advanced numerical modelling, properly calibrated 
with the element tests and the physical modelling 
performed, provides the right tool for extending the 
conclusions derived from the experimental work and 
allow practitioners to carry out proper performance-
based analysis in liquefaction design. 
 
The 14 dynamic centrifuge tests performed enhanced 
the understanding on the following aspects of the 
problem: 
 
a) the behaviour of saturated deposits of loose and 

dense sand, in the free-field, under seismic 
loading; 

 
b) the dynamic behaviour of bridges built on 

shallow foundations on saturated deposits of 
loose sand; 

 
c) the effects of densifying zones under a shallow 

foundation on the dynamic soil-structure system 
response, for different improvement geometries; 

 
d) the use of innovative techniques to improve the 

performance of shallow foundations built on 
liquefiable ground. 

 
The centrifuge experiments provided the excess pore 
pressure generation and propagation of accelerations 
in the deposit and also settlements of the ground 
surface under different conditions. In the cases where 
a bridge was used, its accelerations and settlements 
during and after the shaking were monitored. The 
comparison of the results observed in each model 
suggests that the migration of excess-pore-pressure, 
especially in the horizontal direction, and stress 
redistribution in the ground is much more important 
than previously thought. It is also observed that large 
densified blocks have detrimental effects on the 
structure performance. The experimental work 
indicates that the combination of narrow densified 
zones with other soil improvement techniques can 
optimize the performance of the soil-structure 
system during an earthquake inducing liquefaction in 
the deposit. 
 
16 triaxial tests were performed on saturated 
Leighton Buzzard Fraction-E silica sand of different 
relative densities, to establish the behaviour of the 
sand under fully undrained conditions. These tests 
provided relevant information regarding the 
behaviour of the sand under monotonic and cyclic 
loading, including the influence of the confining stress 
on the stress-stain relations and the excess pore 
pressure generation. The results were also used to 
determine the soil parameters required by advanced 
soil models used in the numerical modelling and to 
clarify unique features of soil behaviour observed in 
the centrifuge models. 
 
Numerical simulations using Swandyne FE code and 
Pastor-Zienckiewicz’s PZ-III soil model identified 
some of the weaknesses and strengths of the 
numerical tools used. Some improvements have been 
introduced to the numerical tools in order to 
optimize their performance and to permit more 
complex analysis of the centrifuge models. The main 
findings derived from the centrifuge modelling may 
then be extrapolated for a wider range of geometries 
of the zone of ground improvement. 
 
The results of the research project are quite 
promising in the way that a more scientific 
understanding of the problem is achieved. This will 
hopefully be highlighted in my thesis, which is now in 
the final stages of completion.  
 
 
 
 
 
 



Publications in 2006: 
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of footings employing densification to mitigate 
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(2006) Earthquake-induced liquefaction in sands: a 
drained or partially drained phenomenon?, 10th 
Portuguese Conference on Geotechnical 
Engineering, Lisbon, Portugal (in Portuguese). 

 
 

 
Model in the centrifuge beam ready for testing. 
 

 
Triaxial sample of sand 

 
 

 
 
Jonathan Knappett 
Magdalene College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 4th 
PhD Topic: Liquefaction-induced buckling of pile 

groups 
 
I finished my final year of my PhD research in 
October, investigating the effect of axial load on the 
failure of pile groups in liquefied and laterally 
spreading soils.  This research is funded by the 
EPSRC. Work on instability and collapse of pile 
groups during soil liquefaction was undertaken during 
my first year, extending previous work in this area.  
However, in extending this work to more general 
foundations which bear in dense sand as opposed to 
rock, it is necessary to determine whether the piles 
in a foundation are able to carry sufficient axial load 
during the earthquake to cause an unstable collapse, 
or whether the pile may fail before this point due to 
excessive settlement.  Centrifuge testing has recently 
been completed on such pile groups with 
instrumented piles, allowing loads in the pile and the 
distribution between base, shaft and cap capacities to 
be determined.  This has revealed significant 
differences in the load transfer behaviour when the 
pile cap is taken into consideration. 



A final series of centrifuge tests has also been 
completed with the aim of considering instability and 
settlement effects in more realistic foundation 
situations where lateral spreading may also be 
occurring.  Model ‘steel’ and ‘reinforced-concrete 
(RC)’ piles have been developed which scale stiffness, 
geometry and strength simultaneously, enabling 
conclusions to be drawn regarding the amounts of 
both instability effects and settlement that are likely 
to occur for the different types of pile in the field 
under typical working loads.  The effect of the 
amount of axial load carried on the lateral response 
of the foundation in such soil profiles has also been 
investigated.   

 

 
Figure 1: Instability collapse observed in the centrifuge 

 

   
Figure 2: Instrumented pile: pile tip earth-pressure cell 

 

 
Figure 3: Axially loaded ‘RC’ pile group in laterally 

spreading soil 
 
I then concentrated on modelling all of these effects 
using the p-y and t-z methods in the FE program 
ABAQUS, which is able to account for instability 
effects and large-deflections of the pile group. 
 
 

 
 
Helen Mitrani 
Churchill College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 4th 
PhD Topic: Liquefaction remediation methods 

for existing buildings 
 
My PhD research was carried out as part of the 
NEMISREF project, in which a number of academic 
institutions and engineering companies across Europe 
were collaborating. The project was coordinated by 
the ground engineering company Soletanche-Bachy 
and the acronym stands for NEw Methods for 
mitigation of Seismic Risk of Existing Foundations. 
The objectives of the project were to develop 
foundation upgrade schemes for both liquefiable and 
non-liquefiable sites, which have minimum cost and 
impact on the structure and surrounding 
environment. These objectives were achieved using a 
combination of laboratory testing and numerical 
modelling to understand site effects and soil-
structure interaction. 
 
I conducted centrifuge tests, both to assess the 
performance of new, innovative liquefaction 
remediation schemes and to better understand those 
already used in practice. An experimental programme 
of thirteen tests was carried out, five of which were 
in 2005. 
 
Three broad classes of remediation scheme have 
been tested: inclined micro-piles, containment walls 
and cemented zones.  Every scheme was put into the 
foundation soil under a single-degree-of-freedom 
model frame structure and the settlement and 
accelerations of this structure were measured and 
compared with benchmark results to assess the 
effectiveness of the schemes. Accelerations and pore 
pressures in the foundation soil were also measured.  
Both deep liquefiable layers and layered profiles with 
dense sand underlying a shallower liquefiable layer 
have been tested with the remediation schemes.  
 
Results show that it is very difficult to prevent large 
settlements in strong earthquakes unless the 
remediation extends to the full depth of the 
liquefiable layer. Both rigid and flexible containment 



walls produce interesting modifications of soil 
behaviour. Full-depth containment walls and 
cemented zones are both very effective at reducing 
structural settlement. No conclusive evidence was 
gained for the success of inclined micro-piles as a 
liquefaction remediation method, even in a shallow 
liquefiable layer.  

 
 
 
 
 
 
 

  
I completed my thesis in August 2006.  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1: Instrumented model loaded onto centrifuge and 

ready to test  
  
  
  
  
 

The technicians enjoy a well earned break (l to r: Kristian, John, Steve, ChrisK 
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Chris Chau 
St Edmunds 
 
Supervisor:  Dr Kenichi Soga 
Year:   2nd 
PhD Topic: Environmental Impact Indicators for 

Civil Engineering Infrastructures 
 
I started my research immediately after the 
completion of my MEng Civil and Environmental 
Engineering from Imperial College, London in 2005. 
My research project is funded through a CASE 
studentship from ERSRC and sponsorships from Arup 
and Partners.  
 
The primary aim of my research is to identify a 
practical methodology for quantification of 
environmental impacts due to geotechnical 
infrastructures. The idea is to compare the 
quantifiable environmental impacts of solutions 
designed according to the same specification for a 
range of geotechnical structures. Through which, a 
shortlist of representative environmental impact 

indicators are then identified. The properties of these 
indicators should be easy to understand and use.  
 
An indicator I am paying particular attention to is 
embodied energy, which is the total energy that is 
attributed to bringing that item to its existing state. In 
2006, two embodied energy and Life Cycle Analysis 
(LCA) case studies were commenced:- one on 
retaining walls and foundation designs and the other 
on a comparison between the slabtracks and 
conventional ballasted embankment design. Some 
results from the former study were written up and 
presented in the Rufus Conference 2006 (Re-Use of 
Foundations in Urban Sites). At this stage, we find 
that there are strong correlations between embodied 
energy with the values of more established indicators 
such as CO2 emission for geotechnical 
infrastructures. Thus provide evidence that embodied 
energy is a meaningful impact indicator.  
 
Over the summer of 2006, I spent two months in 
Tokyo working on a project assessing the Life Cycle 
Cost (LCC) of enhanced seismic-performance designs 
on a range of structures. It was led by Prof Towhata 
of University of Tokyo and funded by New Energy 
and Industrial Technology Development Organization 
of Japan (NEDO). My role was to assess the change 
in the predicted life cycle environmental impacts due 
to the use of more advanced embankment designs 
under earthquakes.  
 
Also during my stay in Japan, I spent some time at the 
Japanese Railway Technical Research Institute (RTRI) 
where I studied the maintenance requirements and 
methods for slabtracks to build on my ongoing case 
study on the comparison between track systems.  
 
My future work will continue with the identification 
of the shortlist of significant environmental impact 
indicators.  
 
Publication in 2006: 
 
1. Chau, C., Nicholson, D., and Soga, K.  (2006) 

Comparison of Embodied Energy of Four Different 
Retaining Wall Systems, Rufus Conference, 
October 2006. 

 



 
 
Uchechukwu Duru 
Darwin College 
 
Supervisor: Dr Abir Al-Tabbaa 
Year:      3rd 
PhD Topic: Impact of climate change on 

chemical and microbial processes in 
contaminated soil 

 
Within the environmental science community there is 
raised awareness on impending climatic changes that 
have been widely accepted to be invariably coupled 
to rising levels of anthropogenically generated green 
house gases. In addition to the uncertain implications 
of these changes on the environment is the problem 
of environmental pollution due to unguided 
management of anthropogenically generated 
environmental contaminants.  
 
However, the fate and effect of soil contaminants as 
well as the functionality of different remediation 
techniques are widely accepted to be determined to 
a large extent by the prevailing environmental 
conditions and soil geochemical conditions at a given 
contaminated site. This relationship brings to 
question uncertainties surrounding the behaviour of 
these contaminants and remediation techniques with 
regards to alterations in environmental and soil 
geochemical conditions that may be brought about by 
imminent climatic changes. My research work aims at 
investigating the implications of climate change on 
contaminated land and present day remediation 
techniques in order to proffer adaptive sustainable 
responses.  
 
The scope of the research involves a laboratory scale 
simulation of projected climatic scenarios over a 
period of two years with the aim of investigating the 
effect of these climate scenarios on different 
biological and chemical processes in contaminated 
soils. Investigations will focus on different petroleum 
hydrocarbon and heavy metal contaminated soils in 
the UK. The climate scenarios being simulated are 
extreme conditions as predicted by the UK Climate 
Impacts Programme (UKCIP02) studies. 

 
An extensive literature review has already been 
carried out on different aspects of soil contamination, 
climate linkages. In addition contaminant mobility, 
speciation, degradation, soil geochemical parameters 
(pH, cation exchange capacity, redox potential), soil 
biological properties (soil microbial enzyme, microbial 
population dynamics) have been monitored in nine 
different soils with different contaminant, chemical, 
physical and biological processes.  
 
These findings, which would constitute a contribution 
to the formulation of sustainable adaptative 
responses to the combined problem of contaminated 
soil and climate change, are currently being put 
together in a book chapter and would also be 
communicated in journal papers and my doctoral 
thesis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Researchers from the Geotechnical Research Office (GRO) 



 
 
Michael Harbottle 
 
Research Associate 
 
Research: Robust sustainable technical 

solutions to contaminated brownfield sites 
 
Before leaving the group in August 2006, my work 
concentrated on two areas of laboratory study, both 
undertaken as part of the SUBR:IM research 
consortium. The first was a continuation of 
investigations into improving the robustness of in-situ 
stabilisation/solidification through encouraging 
biodegradation of organic contaminants within a 
soil/cement mix. 
 
Experiments showed that considerable loss of 
contaminants was possible in small microcosms 
consisting of Portland cement and sandy soils. The 
view of the soil/cement environment as abiotic and 
sterile is therefore not necessarily the case, although 
further work is required to determine whether 
contaminant loss occurs due to microbial growth on 
the surface or due to effects within the 
stabilised/solidified mass.  
 
Additional studies investigated the use of a novel 
technique to track the uptake of metallic 
contaminants by plants. Magnetic resonance imaging 
(MRI) was used to image lithium directly within 
poplar plants after growth in a lithium-contaminated 
soil. The presence of zeolite in the growing medium 
led to clear differences in the images, with 
considerably less lithium taken up.  

 
Figure 1:  Cross sectional image of poplar stem showing 
lithium distribution in outer and inner concentric rings, 
linked by several ‘spokes’.  
 
 

 
 
Srinath R. Iyengar 
Hughes Hall 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year:   3rd 
PhD Topic: Innovative Cement Binders in 

Stabilisation/Solidification Treatment Systems 
 
There is an intrinsic need to explore innovative 
techniques for the redevelopment of contaminated 
sites in addition to minimising the detrimental after-
effects of various forms of pollution. 
Stabilisation/solidification (S/S) technique, which 
involves the immobilisation of contaminants in-situ 
with cement-based binders, is emerging as a cost-
effective option because it enables rapid treatment of 
the site and facilitates redevelopment soon after 
remediation. This technique has recently become 
more widely used in the UK and is also being 
considered as a viable pre-treatment of waste prior 
to its landfilling.   
 



However, some of the major concerns of employing 
this technique are: 
 

 Limited suitability of this technique for fixing 
organic contaminants. 

 
 High alkalinity associated with the use of 

Portland cement (PC) which acts against the 
growth and subsequent contribution of soil 
microbial consortia in the biodegradation of 
organic contaminants. 

 
 The environmental problems associated with the 

manufacturing of PC in terms of the production 
of carbon dioxide as well as the energy 
intensiveness.  

 
The objectives of my research include:  
 
1. Modifying the S/S process to encourage 

favourable conditions for biodegradation within 
the S/S treatment matrix by investigating the 
feasibility of using low pH phosphate-based 
cements. 
 

2. Comparing the performance of the developed 
cement with available alternative cements, whose 
production not only causes less pollution but is 
also less energy intensive as compared to PC, for 
use in the S/S processes, e.g. reactive MgO 
cements. 
 

3. Examining the incorporation of industrial by-
products, wastes and low-cost phosphate 
replacements the developed low-pH cement as a 
means to improve its sustainability.  

 
The first part of my investigations involved the initial 
material characterisation and cement formulations 
using different phosphate sources. The suitable mixes 
were short-listed primarily based on their pH 
development along with the other intrinsic physical, 
mechanical and microstructural properties. 
Subsequently, laboratory work to identify potential 
wastes and industrial by-products which could serve 
as low-cost phosphate replacements for the low-pH 
cements was undertaken. 
 
During my second year, the S/S-related performance 
of the low-pH cements in addressing heavy-metal 
contaminant scenarios was assessed. This involved 
mixing of the cements with model soil spiked with 
different metal contaminants, (i.e. Pb and Zn). 
Furthermore, the immobilisation capacity of the 
sustainable MgO cements in the S/S of different 
concentrations of three types of wastes, viz. salt, oil 
and heavy-metal contaminated was assessed and the 
results were compared to that of PC-based binders. 
Three different compliance tests in the form of batch 
leaching, tank leaching and flow-through leaching 
were employed to evaluate the S/S performance of 
the binders at various ages. In addition, relevant 
mechanical properties and microstructure 
examination were also conducted on the test samples 

to get a better comprehension of the mechanisms 
involved. 
 
The results of the work clearly indicate the 
effectiveness of the low-pH phosphate cements as 
well as the MgO-based cements over PC-based 
binders in terms of heavy metal immobilisation while 
the chloride retention exhibited by most binders was 
observed to be poor. 
 
Studies evaluating the performance of the developed 
low-pH binders in addressing the organics and 
relevant biodegradation parameters for the S/S 
treated soils are currently being focused upon. The 
durability of the aforementioned binders will also be 
assessed. 
 

 
Figure 1: Microbial growth observed on some of the low-
pH phosphate-based cement samples 
 

 

 
Figure 2: SEM micrograph showing the structure of an oil 
contaminated soil treated with MgO, PFA and PC after 
224 days of hydration 
 
 



 
 
Heng Ji 
St Edmund’s College 
 
Supervisor: Dr Kenichi Soga 
Year:  4th 
PhD Topic: Study of jet grouting process and its 

application in groundwater remediation 
 
The current practice of jet grouting and its 
application in groundwater remediation often relies 
on the trial test at the site for the design of jet 
grouting. The objective of this study is to investigate 
the influence of operating parameters and soil 
properties.  
 
A number of experiments have been successfully 
carried out in a 2-Dimenisonal tank with varying 
parameters such as jet velocity; nozzle diameter; 
nozzle configuration; flow rate; surcharge load; soil 
type; boundary condition; and injected fluid viscosity. 
The following figure is an illustration of the erosion 
process in Fraction C sand.  
 

 
Figure 1:  Erosion of Fraction C Sand with a High Speed 
Water Jet 
 
Relationships have been established between the 
pore water pressure (PWP) and the erosion front. 

Based on this information, the radius of influence can 
be predicted from the pore water pressure profile.  
 
Modelling is being carried out to simulate the actual 
grouting process. Current work also includes the 
injection of treatment material into groundwater. 
 
 

 
 
Kaushal Joshi 
St Edmunds College 
 
Supervisor: Dr Kenichi Soga 
Year:  3rd 
PhD Topic: Long term engineering performance 

and in-situ assessment of cement-bentonite 
containment wall  

 
Cement-bentonite cut-off walls are often used to 
contain contaminated land in UK. There are still 
uncertainties about the long-term performance of 
these walls. This research is focused on the 
permeability, durability and strength – deformation 
characteristics of the wall material with respect to 
time under aggressive field conditions. The outcome 
of the research will be useful to design cement-
bentonite containment systems with a better 
understanding of the material’s behaviour.   
 
The investigation of field samples and laboratory tests 
have revealed that the performance of these 
containment walls are influenced by various 
parameters such as ageing; contaminant exposure; 
mixing of surrounding contaminated soil during 
construction; variation with depth of wall; ground 
water fluctuation; and weathering action (see 
Figure.1). A series of laboratory experiments were 
conducted on fresh samples and samples taken from 
a test site constructed 10.5 years ago. The types of 
samples investigated are: 
 
1. Uncontaminated homogeneous samples cast from 

the mixer at the time of construction (mixer 
sample); 

 
2. Contaminated heterogeneous samples taken from 

trench at the time of construction (trench 
sample); and 

0 sec 10 sec 

20 sec 30 sec 

40 sec 50 sec 

20 cm 



 
3. Actual cement bentonite wall samples exposed to 

contaminants (field sample). 
 
The laboratory test showed that permeability 
reduces with time and the mean permeability of a 
10.5 year old field sample is greater than laboratory 
cured trench samples and mixer samples. But it was 
confirmed that the distribution of preferential flow 
paths due to soil inclusion and fissures governs the 
overall permeability. Similarly, UCS tests showed that 
cement-bentonite samples are affected due to ageing, 
but the average value of field samples is again less 
than trench and mixer samples. Also, soil inclusion in 
the samples was found to have a stress concentrating 
effect in testing that leads to variability in the results. 
Similar heterogeneity was observed throughout the 
depth of wall. A set of triaxial tests are on going to 
gain design parameters to characterise cement-
bentonite material using soil mechanics framework. 
Preliminary results show that under a realistic 
confined stress condition test, all the samples failed in 
tension. 
 
In-situ testing for such cut-off wall is found promising 
to include the effects of heterogeneity on a large 
scale sample of cut-off wall. The analysis of in-situ 
permeability and strength measurements from 
various devices highlighted applicability and accuracy 
of each of them. The data from these tests were 
interpreted using appropriate shape factor, which 
were evaluated using 3D FEM analysis. 
 
I am currently investigating durability and strength 
deformation aspects of cement-bentonite. 
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Sook Ling Lee (Tricia) 
New Hall 
 
Supervisors: Dr Kenichi Soga  
Year: 2nd 
PhD Topic: Numerical modelling of methane 

hydrate problems 
 
After graduating from Universiti Teknologi Malaysia 
in 2003, I worked with Gue and Partners Sdn. Bhd, a 
geotechnical consulting firm in Malaysia for half a year 
before I pursued my MSc at Imperial College London. 
Later, I joined the Norwegian Geotechnical Institute, 
(NGI) as a guest researcher. 
 
My PhD study in Cambridge was embarked upon 
when I received a scholarship from NGI/ICG in 
January 2006. Other funding that make my studies 
possible include Advanced Industry and Science 
Technology (AIST) from Japan and The Cambridge 
Commonwealth Trust.  
 
Natural occurring gas hydrate is a solid-like ice 
substance composed of water molecules forming a 
rigid lattice cages with gas molecules (i.e. mainly 
methane gas) within its stability zone. The occurrence 
of gas hydrate is commonly found in offshore and 
permafrost regions. The two chief controlling factors 
of these occurrences are high pressure and low 
temperature with sufficient gas methane. Dissociation 
of gas hydrate is the process where gas hydrates 
change to gas state with larger volume occupancy. 
This phenomenon will take place when considerable 
amount of heat increase or/and pressure reduction is 
introduced which move its position out of its stability 
zone. 
 
The interest in gas hydrate is gaining momentum 
internationally due to its potential geohazards, energy 
resources and greenhouse effect contributor. 
Hydrate related geohazards such as well bore 
stability and slope failures is the main concern in this 
study as the development of oil and gas exploration is 
rapidly advancing into deeper depth with heightening 

risk of encountering gas hydrate. This undoubtedly 
poses a threat to the oil and gas industry for safe 
production. The common approach in the oil and gas 
industry is to avoid drilling operation in potential gas 
hydrate occurrence zones. However, realising gas 
hydrate would become one of the potential energy 
resources; this strategy needs to be changed.  
 
To date, little is known about the natural mechanical 
properties of gas hydrate due to its ephemeral 
behaviour at atmospheric pressure. The presence of 
gas hydrate in soil sediments has a profound effect on 
altering the hydrate bearing soil deformation. One of 
the main objectives in this research is to understand 
the fundamental mechanism of methane hydrate 
related geohazards problem. Advancements of the 
current hydrate code at Cambridge University will be 
made in the future. This study is aimed to have a 
better assurance in decision-making for oil 
drilling/production platform foundation locations as 
well as the determination of cost and risk related 
hydrate geohazards.  
 
 

 
 
Panagiotis (Panos) Nikolopoulos 
Clare Hall 
 
Supervisors: Dr Kenichi Soga and Dr Richard 

Whalley (Silsoe Research Institute) 
Year:  2nd 
PhD Topic: NAPL pollutant in natural soils and 

its long term risk after remediation 
 
Organic pollutants belong to a broad category of 
Non-Aqueous Phase Liquids (NAPLs) and are often 
trapped in rocks of very complex structure. This 
heterogeneity of the natural subsurface systems leads 
to a complex entrapment and flow behaviour of the 
NAPLs.  
 
Due to preferential channelling and geological 
heterogeneities there are several scenarios of 
distribution of NAPLs after a spill. The entrapped 
NAPLs occupy either regions of low saturations 
(micro pores, ganglia, blobs) or regions of high 
saturations (pools of contaminant in zones of 
geological discontinuity or macro-scale properties). 
The challenge of this interesting problem is that in 



natural subsurface systems the NAPLs may dissolve 
into the ground water and be transported creating a 
downstream contaminant plume.  
 
This process of contamination is not thoroughly 
understood and the proposed research will help 
understand, quantify, and model the problem of mass 
transfer and NAPL contaminant transportation from 
complex source zones through soil.  
 
I started my research in January 2005 and the 
following areas of interest summarise my work: 
 
1. 2-Dimensional multiphase flow modelling of 

NAPLs through unsaturated soil. The aim of this 
project is to investigate the role of permeability 
discontinuities in the migration process of NAPLs 
in the subsurface. 

 
2. 3-Dimensional modelling of contaminant 

dissolution from a DNAPL zone in ground water. 
Governing parameters are investigated and the 
role of discontinuities and heterogeneities is 
identified so as to provide adequate 
methodologies for the assessment of the long 
term risk (Figure 1). 

 
 

 
Figure 1: NAPL dissolution from source zone and 
transport in heterogeneous domain. 
 
3. Solute transport through dual permeability media 

modelling.  This subject involves formulation of 
theories for the parameterisation of flow 
properties of dissolved contaminants through soil 
with dual properties characteristics. Useful 
models that may be used as tools for prediction 
of the migration of hazardous compounds in real 
subsurface systems are investigated.  Experimental 
validation of the above mentioned models is also 
conducted.  

 
4. Sorption of dissolved organic DNAPL 

contaminants on real soils is experimentally 
investigated. Also, principal phenomena that 
govern dissolved mass flux reduction through 

heterogeneous soils are separately analysed in a 
quantitative theoretical manner. The anticipated 
outcome of this analysis, combined with 
experimental evidence, is to provide a reliable 
tool of understanding the factors that dictate the 
degree of contaminated mass flux in realistic 
subsurface environments.   

 
 

 
 
Indrani Pal 
St. John’s College 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 1st 
PhD Topic: Impact of Monsoon Flooding           

and Erosion on Contaminated Land  
 
After graduating from Visvesvaraya Technological 
University, India, in Civil Engineering, I joined the 
Indian Institute of Technology, Delhi to study for an 
M.Tech in Water Resources Engineering. I was then 
selected as a DAAD scholar based on my academic 
performance and joined the University of Stuttgart, 
Germany for my final year thesis work. I worked on 
‘Fuzzy Rule-Based Flood Forecasting’ under the 
supervision of Prof. Bardossy. I successfully received 
my M.Tech degree from IIT, Delhi in August 2005.  
 
During my study at the University of Stuttgart, I 
became very interested in climatological studies. 
Hence, I decided to pursue a PhD in the area of 
‘Impact of Monsoons’. Large climate changes have 
repeatedly affected much or all of the earth. Available 
evidence suggests that climate changes are not only 
possible but likely in the future, potentially with large 
impacts on ecosystems and particularly on the geo-



environment. One of these critical areas which have 
not been specifically researched is our understanding 
of the impacts of monsoon flooding and erosion on 
contaminated land.  
 
I started my PhD studies at the University of 
Cambridge in October 2006. I received an ORS 
award and a Cambridge Commonwealth Trust 
Scholarship.  
 
My PhD work will investigate the impact of monsoon 
flooding and high wind induced erosion on 
contaminated land and pollutant linkage. In my 
current first year, I am producing quantitative 
estimations of seasonal and average annual monsoon 
rainfall induced soil erosion using historical 
observations of climatological variables such as 
precipitation, which have been collected from the 
Indian Meteorological Department. Suitable empirical 
and/or process-based models are being chosen for 
this purpose. The work aims to develop new 
correlations between climatological variables and the 
prime factors driving erosion estimations and their 
variability at different study regions in India. Initial 
work will look at water induced erosion and 
subsequent work will investigate wind induced 
erosion. This work will then be followed by an 
investigation of the potential reduction of the impacts 
using suitable engineering and ecological measures as 
well as a range of management strategies.  
 
 

 
 
Sinéad Smith 
Clare College 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year:  4th 
PhD Topic: Impacts of Climate Change on 

Pollutant Linkages 
 
I am now in the 4th year of my PhD research, which is 
part of the SUBR:IM consortium. In the past year I 
have completed experimental work on real-time 
behaviour under specific climate change scenarios, 

representing the years 2050 and 2080. A range of 
contaminated soils and containment systems were 
investigated to determine the change in physical and 
chemical parameters including strength, permeability, 
leachate pH and leachability of heavy metals. 
Microstructural analysis (SEM, XRD) was also used to 
investigate behaviour. The soil systems include 
stabilised/solidified systems (uncontaminated and 
contaminated made ground), cover systems 
(compacted clay and sand-bentonite) and 
contaminated soil. Small scale tests were also done in 
parallel to examine specific effects. I have tested 
accelerated aged S/S soils to investigate the effects of 
climate change on aged soils. 
 
Currently, I am working on computer simulations of 
cover systems to 2080 and investigating the effects of 
changing soil properties and different climate 
scenarios. 
 
I was appointed Teaching Assistant for the 2006-2007 
academic year, in Division D, Cambridge University, 
Engineering Department. 
 

Figure 1: S/S soil subjected to a year of extreme weather 
(left) and an extreme summer only (right) 
 

 
Figure 2: SEM image showing a microcrack in S/S soil 
subjected to year of extreme weather (sample shown in 
the photo above) 
 
 



 
 
René van Herwijnen 
 
Research Associate 
 
Research: Novel special-purpose composts for 

the sustainable remediation of Brownfield sites 
 
The topic of the research was to develop a 
remediation technology for brownfield sites with the 
end goal that these sites can be transformed into 
greenspace like parks or sport fields.  The technology 
is supposed to immobilise heavy metals in the soil by 
the use of low cost soil amendments like composts 
and natural minerals. Through this immobilisation the 
contaminant receptor linkage pathway will be broken 
and the toxicity of the soil will be reduced.  
 
Compost is often proposed as a cheap and suitable 
material for the remediation of contaminated 
brownfield sites, vitalising the soil but also for its 
reported immobilisation of heavy metals. The 
purpose is to increase the immobilisation capacity of 
the compost by combining it with zeolite. In this way 
the technology should become more sustainable. 
 
During the project it appeared that not every 
compost immobilises heavy metals and that leachate 
concentrations which were originally below WHO 
drinking water standard could exceed these values 
after compost amendment. Whether a compost will 
actually mobilise or immobilise a metal depends on 
the soil type it is added to and also on the metal type. 
We have not found any trend from which can be 
predicted what the effect of compost addition will be 
on the actual mobility of the metal. We have also 
seen that the actual leaching behaviour of a metal is 
not linked to plant uptake. When leaching is 
increased after compost addition to a soil, 
concentration of metals in plants growing on this 
amended soil can be reduced as well as increased, 
depending on soil type, plant type, compost type and 

metal type. We also observed that compost addition 
in too high amounts can inhibit plant growth. 
 
Tests with compost amendment in combination with 
zeolite at levels of 10% and 15% have shown that 
immobilising effects of a compost can be increased by 
this combined application but this depends again on 
the soil, compost and contamination type. In cases 
where there is a limit on the amount of compost that 
can be added to the soil in order not to inhibit the 
plant growth, more metal immobilisation can be 
achieved by combining the compost with a mineral 
like zeolite. 
 
From the research was concluded that extensive 
testing is necessary before using a soil amendment 
like compost on a contaminated soil. Testing is 
imperative in order to predict the viability of a 
particular compost combination and its effects on the 
metals mobility and plant performance in soils. 
Overall it was shown that the combination of 
composts with minerals like zeolites proved to have a 
good potential for the remediation of metal 
contaminated sites.  
 
The research has shown that there is a need for 
standard procedures to be developed and performed 
prior to the application of compost for remediation 
purposes. These procedures should consist of 
leaching tests that will predict the effect on the 
groundwater and toxicity tests involving more than 
one plant species. These will ensure that compost 
application will not present any risks that could have 
adverse effects. 
 
Publications in 2006: 
 
1. René van Herwijnen., Tim Laverye, Sabeha K. 

Ouki, Abir Al-Tabbaa, Mark E. Hodson, and 
Tony R. Hutchings (2006) The effect of composts 
on the leaching of metals from contaminated soils. 
In: Brebbia, C.A. and Mander, Ü.(ed.) 
Brownfields III, proceedings of the third 
international conference on prevention, 
assessment, rehabilitation and development of 
brownfield sites, pp. 99-108, WIT press, 
Southampton. 

 
2. Vishnu Priya Gadepalle, René van Herwijnen, 

Tony Hutchings,  Sabeha K Ouki (2007) 
Immobilisation of heavy metals in soil using natural 
and waste materials: goal of urban greening. In 
press “Soil and Sediment Contamination” 16. 

 
3. René van Herwijnen, Abir Al-Tabbaa, Tony R. 

Hutchings, Andy J. Moffat, Sabeha K. Ouki and 
Mike L Johns. Evaluation of the use of column and 
batch leaching tests to determine the effects of soil 
amendments in a heavy metal contaminated soil. 
Submitted to “Environmental Engineering 
Science”. 

 
 



4. René van Herwijnen, Tony R. Hutchings, Abir 
Al-Tabbaa, Andy J. Moffat, Mike L. Johns and 
Sabeha K. Ouki. Remediation of metal 
contaminated soils with mineral-amended composts. 
Submitted to “Environmental Pollution”. 

 
5. René van Herwijnen, Tim Laverye, Jane Poole, 

Mark E. Hodson and Tony R. Hutchings. The 
effect of organic materials on the mobility and 
toxicity of metals in contaminated soils. Submitted 
to “Applied Geochemistry”. 

 

Figure 1: Nursery trial with ryegrass (front) and poplar 
(back) to test the immobilisation of heavy metals in a 
contaminated soil. 
 

Figure 2: Poplar growing on heavy metal contaminated 
soil. Overview of the effect of different levels of compost 
amendment. From left to right 0%, 7%, 14% and 20% 
compost 
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Francisco Gabriel Hernandez-Martinez 
Churchill College 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year:   4th 
PhD Topic: Ground Improvement of Organic Soils 

Using Wet Deep Soil Mixing 
 
Organic soils are difficult to deal with due to their 
particular characteristics such as high compressibility 
and poor strength and, as a consequence, criteria 
based on common mineral soils may not generally be 
applied to them. The Soil Mixing Method (SMM), 
however, has proved to be an economical and 
reliable technique, and preferable to traditional 
solutions, to stabilise organic soils, by virtue of its 
simple application and adaptation to specific project 
requirements and site conditions. The dry SMM is 
usually used to organic soils because have generally a 
high natural moisture content. However there are 
various applications where the Wet SMM (WSMM) is 

far more economical and advantageous to use, for 
example in layer soils. The current lack of adequate 
knowledge of the application of the WSMM to 
organic soils highlights the importance of conducting 
laboratory treatability studies on this topic with the 
aim of providing a better understanding of the 
performance of the stabilised organic soils and 
reducing uncertainties in a range of their behavioural 
aspects. 
 
The objective of this research was to assess the use 
of the WSMM in organic soils, from laboratory 
experimental work, and to investigate the 
effectiveness of specific cementitious binders and the 
effect of temperature, carbon dioxide concentration 
and relative humidity on the stabilisation of organic 
soils. This was achieved by conducting a series of 
unconfined compression tests in wet-soil mixed 
specimens prepared both mechanically and using 
laboratory-scale auger-mixing equipment. Scanning 
Electron Microscopy (SEM) images as that shown in 
Figure 1 and X-ray powder diffraction analysis 
facilitated better understanding of the hydration 
processes of the cementitious materials when mixed 
with unstabilised organic soils. Variables studied 
included: variation of the natural water content of the 
unstabilised material; density and type of soil; 
water:grout ratio and quantity and type of binder. 
Results in terms of strength and stiffness showed that 
the stabilisation of organic soils can effectively be 
achieved using the WSMM by choosing the right type 
and quantity of binder. Cement alone and a mix of 
cement with blast furnace slag proved to be suitable 
binders for this type of material. Likewise, it is shown 
that the strength values obtained from mechanically-
mixed specimens were twice and three times as large 
as those evaluated using the laboratory-scale auger 
columns in stabilised-peat and stabilised medium-
organic clay respectively.  
 
The study of the long-term behaviour of stabilised 
wet soil-mixed specimens using elevated 
temperatures and accelerated carbonation as ageing 
processes is also part of this investigation. The results 
shows that there is generally a reduction in 
unconfined compressive strength (UCS) with 
increased curing temperature from 21ºC to 60ºC, 
which casts doubt on the well-known ‘fact’ that such 
elevated temperatures usually speed up the hydration 
processes of cement leading to an increase in UCS. It 
constitutes evidence that this effect is caused by the 
loss of evaporable water, the effect of elevated 
temperatures on the peat and the fact that elevated 
temperatures induce carbonation and oxidation in 
mixes as the X-ray powder analysis showed. In 
addition, by using high carbon dioxide concentrations 
it was evident that some initial reduction in strength 
followed, but a gradual increase occurred thereafter. 
This initial reduction is caused by the interference of 
accelerated carbonation with the normal hydration 
processes consuming some of the portlandite which 
is needed for hydration. This research therefore, 
provides valuable information regarding the type of 
binder and environmental conditions that are suitable 



to achieving a better, reliable chemical stabilisation of 
organic soils with the use of the WSMM.  
 

 
Figure 1: Hydration products developed at 60 days on 
cement stabilised medium-organic clay cured at 60ºC and 
20% of CO2

 
Publications in 2006: 
 
1. Hernández Martínez, F. G. (2006). Ground 

Improvement of Organic Soils Using Wet Deep Soil 
Mixing. PhD Thesis, University of Cambridge. 

 
 

 
 
Seevaratnam Jegandan 
Churchill College 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year:  2nd 
PhD Topic: Deep soil mixing with novel binders 
 
I graduated from the University of Moratuwa, Sri 
Lanka in Civil Engineering in 2004 and then joined the 

Geotechnical Group at the University of Cambridge 
as a PhD student in October 2005. 
 
Deep soil mixing is a ground improvement technique 
that is increasingly being used because of its cost-
effectiveness and versatility. The technique is most 
commonly used in countries like Scandinavia and 
Japan. Its use in the UK is still limited although 
increasing. Deep soil mixing is carried out either 
using wet or dry binders and is used for either 
column or mass stabilisation. There are a number of 
areas which require further research. One area is the 
effectiveness of the stabilisation of problematic soils, 
including soft clays, silt, organic soils and peat. 
Related areas include the correlation between field 
and laboratory results and also the long-term 
properties of the treated soil. In addition, with 
increasing emphasis on sustainable construction, the 
use of environmentally acceptable binders is also a 
hot topic.  
 
Very little research has been carried out on the deep 
soil mix stabilisation of the problematic soils 
mentioned above and most of those studies use dry 
binders. My research will investigate the applicability 
of the wet deep soil mixing technique to the 
stabilisation of these problematic soils. 
 
The most common binder used in soil stabilisation is 
Portland cement which is highly energy intensive in its 
manufacturing process and is responsible for 
significant CO2 emissions to the atmosphere. Portland 
cement also suffers from durability problems in many 
aggressive environments. Hence a new type of 
cement is tested for comparison. This is reactive 
magnesia cement which is expected to be far more 
sustainable than Portland cement and also more 
durable. It consists mainly of reactive magnesia and a 
Pozzolan like pulverised fuel ash. It is produced at a 
much lower temperature and is expected to be more 
recyclable than Portland cement. Further, ground 
granulated blast furnace slag, pulverised fuel ash and 
incinerator bottom ash are the other industrial by 
products used in my research. 
 
So far, mechanical wet mixing was carried out in the 
laboratory with a wide range of binders on different 
types of soil. A high shear mixer and an ordinary 
bench top mixer were used prepare grout and 
another type of bench top mixer was used to carry 
out soil-grout mixing. Performance of different 
binders is investigated by assessing various properties 
of stabilised soil specimens at certain ages. 
 
The project will make use of a laboratory-scale auger 
system to produce stabilised soils similar to those 
produced in situ and to investigate a range of 
parameters relevant to the installation process. These 
will include speed or rotation, speed of penetration 
and withdrawal, binder content, binder injection 
sequence and mixing cycles. The project will compare 
the mechanical, physical and chemical properties of 
manual/mechanical-mixed samples with auger-mixed 



samples. It is also hoped to compare these with 
results from full-scale field trials. 
 
The project will also use accelerated ageing 
techniques to investigate the long-term behaviour and 
durability of the treated soils. Testing will include 
permeability, strength, stiffness, durability and 
microstructure. 
 
It is also hoped to carry out Finite Element Analyses  
to model the performance of the treated soils and 
compare with performance data from full-scale 
testing. 
 

 
Figure 1: SEM micrograph of clay mixed with PC-PFA after 
28 days 
 
 

 
 
Abir Osman 
Fitzwilliam College 
 
Supervisor: Dr Abir Al-Tabbaa 
Year:  5th  
PhD Topic: Behaviour of Cement-Stabilised Soft 

Clays in Aggressive Environments – Laboratory 
Study 

 
The use of cement-based grouts is wide ranging:  
from the construction of cut-off slurry walls to the 
treatment of contaminated soils. Deep mixing is a 
technique that is now increasingly being used to 
deliver cement-based grouts in different soil 
conditions. Studies have, however, shown that the 

strength and permeability of such grouts change 
considerably when subjected to certain chemical 
solutions. Therefore, there is a need to improve the 
resistance of cement-based grouts to aggressive 
environments and in particular those that are likely to 
occur in the long-term over the life span of the 
material, e.g. climatic changes and/or exposure to 
contamination. Hence, the first objective of my 
research work was to investigate the performance of 
grouts along with stabilised soft clays in aggressive 
environments and consider improvements in this 
behaviour with the incorporation of zeolite.  
  
Furthermore, treatability studies are an essential part 
of the design of ground improvement with binders. 
However, it has been recognised that the strength 
development in the laboratory (using mechanical 
mixing) is usually higher than values achieved on site. 
This has questioned the applicability of laboratory 
treatability study tests to field results and the 
importance of developing correlations between the 
two. It was demonstrated that laboratory-scale soil 
mixing with the use of small scale augers can provide 
the link between the laboratory and field results and 
produces strength values, and other properties, 
which are much closer to those obtained in situ. 
Hence, the second objective of my research was to 
examine the correlation of the mechanical properties 
for manually-mixed samples and laboratory-scale 
auger columns and to investigate the effectiveness of 
deep mixing technique in the stabilised clay. 
 
Moreover, the optimum zeolite content in the mixes 
for both the strength and the sulphate resistance was 
investigated. Empirical examinations relevant to the 
behaviour of stabilised clay samples under confined 
conditions were also examined.  Finally, the effect of 
bentonite pre-hydration on the durability of stabilised 
clay was inspected.   
 
An extensive experimental programme was designed 
in which testing was carried out on mechanically 
mixed as well as auger-mixed samples. The latter soil-
grout samples were prepared using a laboratory-scale 
auger mixing system. The aggressive environments 
imposed were freeze-thaw and wet-dry cycles, strong 
sulphuric acid solution and sodium sulphate solution. 
Medium firm to very soft clays were produced for 
testing using kaolin clay. Both sodium and calcium 
bentonites were used in the grouts and different 
ratios of cement:bentonite and soil:grout were 
considered. The zeolite was then introduced as a 
partial or full replacement of the bentonite and as a 
partial replacement of cement. Samples were tested 
for their unconfined compressive strength, 
permeability, secant modulus and microstructure 
using scanning electron microscopy and X-ray 
diffraction. 
 
The results of this work have clearly indicated that 
cement-based mixes are generally vulnerable to 
substantial attack in the aggressive environments 
tested, affecting their durability and long-term 
performance. The use of zeolite within the grout mix 



is clearly seen to offer a much improved resistance to 
sulphate attack while the presence of bentonite 
within the mix produced better resistance to freeze-
thaw. Furthermore, the replacement of half the 
cement content with zeolite did not cause a 
permeability increase or a strength decrease, as 
would be expected given the open and hollow 
structure of zeolites. 
 
The laboratory-scale auger-mixed columns were 
found to be mixed effectively and to correlate well 
with the mechanically-mixed samples for the clay with 
high water content. However, the construction of 
deep mix columns in clayey soils with lower content 
was found to be a challenge. To improve the 
effectiveness of the mixing of the stiffer clay, initial 
water injection was carried out to increase the soils’ 
water content prior to the injection of the grout. 
This technique was found to be extremely effective. 
Optimum mixing efficiency in terms of the number of 
mixing cycles of both the water and the grout was 
developed. 
 

 
Figure 1: Successful columns in low water content clay 
 
 

 
Figure 2: SEM micrograph for a sample in sulphate 
solution 
 
 
 
 
 

Publication in 2006: 
 
1. Osman, A. and Al-Tabbaa, A. (2006) Effect of zeolite 

and bentonite on the mechanical properties of 
cement-stabilised soft clay.  Proceedings of the Fourth 
International Conference on Soft Soil Engineering, 
Vancouver, Canada, 4-6 October.  
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Marwa Al-Ansary 
Sidney Sussex College 
 
Supervisor: Dr Abir Al-Tabbaa 
Year:  5th 
PhD Topic: Stabilization/Solidification (S/S) and 

Pelletisation of Petroleum Drill cuttings to be 
used in construction applications: Based on 
North Sea and Red Sea Case Studies 

 
One of the most complex industrial wastes is drill 
cuttings, which is generated in vast quantities from 
the drilling process of oil exploration and production 
activities. Drill cuttings are heterogeneous, hazardous 
wastes composed of significant percentages of 
hydrocarbons, heavy metals and water-soluble salts 
such as chlorides.  
 
The petroleum industry’s current practice is to treat 
the cuttings before any reuse or disposal in order to 
remove oil from the cuttings and to reduce the 
leachability of other contaminants. Despite the 
existence of many treatment methods viz. in-situ 
bioremediation, re-injection, thermal desorption, 

stabilisation and combustion, the presence of high 
percentages of contaminants has hindered the reuse 
of treated cuttings in different applications. 
 
My current research comprises of three intrinsic 
phases, which explores the feasibility of the 
techniques for treating drill cuttings in order to be 
reused in construction applications. To that end, two 
case studies are being investigated, viz. North Sea 
drill cuttings, which contain up to 4% oil, and cuttings 
from the Red Sea (from Ras-Shukier oil fields in the 
Gulf of Suez, Egypt), which contain up to 11% oil. 
Both also contain up to 2.2% sodium chloride. The 
annual production of drill cuttings from the UK 
Continental Shelf is estimated to lie between 50,000 
to 80,000 tonnes while at Ras Shukier it is 2,740 
tonnes.  
 
In the first phase of this research, data, gathered from 
15 different North Sea oil fields and 9 platforms at 
Ras Shukier, on the composition of the drill cuttings, 
was processed. This data showed a high level of 
variability depending on the type of drilling fluid used, 
local geology, oil well location, oil operator, drilling 
and recovery techniques.  
 
The second phase of my research investigated the 
use of stabilisation/solidification (S/S) technique to 
convert the drill cuttings into an innocuous form 
using fifteen different binders. Stabilisation is defined 
as a chemical process used to minimise the hazardous 
potential of wastes by converting the contaminants 
into a less soluble, mobile, or toxic form. 
Solidification is a mechanical process that converts 
the waste into a durable, dense and monolithic entity 
with structural integrity that is more compatible for 
storage, landfill, or reuse. S/S has many advantages 
including minimal energy input and emissions to air. 
However, there has been very limited work published 
on the suitability of utilising this technique to treat 
drill cuttings. The employed binders were:  
 
•   Conventional binders: Portland cement (PC) and 

hydrated lime. 
 
•   Industrial by-products and wastes: fly ash (from 

coal-fired power stations), blastfurance slag 
(from steel industry), silica fume (from the silicon 
metal industry) and cement kiln dust (from 
cement industry). 

 
•   Novel binders: zeolites (aluminosilicate mineral), 

waste compost and magnesium oxide based 
cements. 

 
During the second phase, the treatment of the 
hydrocarbons and sodium chloride present in the 
drill cuttings was carried out, since conventional 
binders have been shown to be generally ineffective 
in the S/S of these two contaminants. Most of the 
binders were used in conjunction with PC in a ratio 
of 1:1 and compared with PC alone. Moreover, 
different binder: drill cuttings have been tested. The 



samples were cured for 28 days and then tested for 
their unconfined compressive strength (UCS), 
chloride and oil leachability, leachate pH and micro-
structural examination (scanning electron microscopy 
and x-ray diffraction).   
 
The third phase entailed the conversion of thermally 
desorbed drill cutting to produce a range of artificial 
aggregates by adopting pelletisation technique. The 
thermally treated cuttings, being one of the most 
prominent treatment techniques practiced by the UK 
petroleum industry, produces vast unreported 
quantities that are destined to landfilling. The size of 
the produced aggregates ranged from less than 2 mm 
to more than 20 mm. A number of parameters that 
affect the pelletisation process have been investigated 
such as: 
 
(a) properties of the material pelletised including 

binder systems; 
 
(b) water content; and  
 
(c) mechanical process parameters including angle 

of pelletisation and revolution speed.  
 
These aggregates have been tested for their particle 
size distribution, loose bulk density, percentages of 
inter-aggregates voids, apparent, saturated surface-
dried and oven-dried particle densities, water 
absorption, porosity, aggregate impact value (AIV), 
chloride leachability and leachate pH. The properties 
of the natural aggregates and the commercially 
produced aggregates Lytag were compared to those 
of the produced cuttings-aggregates. 
 
I am currently finishing my PhD dissertation write-up.  
Meanwhile, I am a university lecturer in Division D of 
the Cambridge University, Engineering Department 
on a fixed-term basis till end of June 2007. 
 
Publications in 2006 and 2007: 
 
1. Al-Ansary M.S. and Al-Tabbaa, A. (2007). 

Comparison of Stabilised/Solidified Mixes of 
Model Drill Cuttings Based on the North Sea and 
Red Sea areas, Proceedings of the E&P 
Environmental and Safety Conference 5-7 Mar 
2007, Galveston, Texas, USA, Society of 
Petroleum Engineers. 

 
2. Al-Ansary M.S. and Al-Tabbaa, A. (2007). 

Stabilisation/Solidification of synthetic petroleum 
drill cuttings, Journal of Hazardous Materials, in 
press.  

 
3. Al-Ansary M.S. and Al-Tabbaa, A. (2006). 

Conversion of North Sea petroleum drill cuttings 
into value added construction products using S/S 
and pelletisation techniques, Proceedings of the 
International WASCON conference on 
Construction with Alternative Materials, Serbia 
and Montenegro.  

 
 
Martin Liska 
Sidney Sussex College 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year: 3rd
PhD Topic:  Waste minimisation through 

sustainable magnesium oxide cement products 
 
I am interested in characterisation of novel MgO 
based cements. To date, the following tasks have 
been accomplished: 
 
• Characterisation of MgO cement formulations. 

The influence of the quantity of the constituents, 
physical and chemical properties of the same and 
curing methods on mechanical and hydration 
properties of the cements was studied. 

 
• Development of MgO based formulations for the 

production of masonry units. Natural aggregates 
as well as secondary aggregates (Lytag - 
produced by sintering of pfa) were used and the 
composition was optimised to provide adequate 
mechanical properties. 

 
• Investigation of the ability of MgO cements to 

form agglomerates in the pelletisation process. 
This task also involved the investigation of the 
fundamentals of the process. This was due to the 
fact that although the agglomeration has been 
used mainly in the metallurgical industry for 
decades, information on how to control the 
properties of the output is not available. 

 
• Ability of MgO cements to carbonate. It has been 

found that carbonation significantly improves the 
mechanical properties of MgO cement based 
materials. 

 
• Long term testing of the developed MgO cement 

formulations and MgO cement based products. 
Properties such as unconfined compressive 
strength, elastic and dynamic modulus, pH, 
microstructure, chemical analysis of crystalline 
phases, water absorption, freeze-thaw resistance 



and permeability were investigated up to the age 
of 224 days. Both real time as well as accelerated 
ageing was employed. 

 
The tasks that are to be accomplished this year are as 
follows: 
 
• Long term testing of the developed MgO cement 

formulations and MgO cement based products. 
The last batch of samples after 448 days of curing 
will be tested on the abovementioned 
properties. 

 
• CO2 sequestration. The amount of CO2 

absorbed will be quantified using TGA technique. 
 
• Industrial collaboration. Pilot-scale MgO cement 

based products will be manufactured by our 
industrial partners. Those products will be tested 
and compared to conventionally produced 
materials.  

 
Publications in 2006: 
 
1. Liska, M., Al-Tabbaa, A., Performance of magnesia 

cements in pressed masonry units with natural 
aggregates, Submitted to Conservation, 
Construction and Recycling, 2006 

 
2. Vandeperre, L., Liska, M., Al-Tabbaa, A., 

Microstructures of reactive magnesia cement blends, 
Submitted to Cement and Concrete Composites, 
2006 

 
3. Liska, M., Vandeperre, L., Al-Tabbaa, A., 

Characterisation of reactive magnesia cements 
blends in terms of reactivity, setting and soundness, 
Submitted to ASCE Journal of Materials in Civil 
Engineering, 2006 

 
4. Liska, M., Vandeperre, L.,J., Al-Tabbaa, A., 

Mixtures of pulverised fuel ash, Portland cement and 
Magnesium oxide: characterisation of pastes and 
setting behaviour.  Proceedings of the 6th 
international conference WASCON, Belgrade, 
Serbia and Montenegro, 2006 

 
5. Vandeperre, L.,J., Liska, M., Al-Tabbaa, A., A 

comparison between two types of pfa in the 
performance of blends of MgO, PC and pfa. 
Proceedings Ash Tech 2006 – An International 
Conference on Coal Fired Power Station Ash, 
Birmingham, UK, 2006 

 
6. Vandeperre, L.,J., Liska, M., Al-Tabbaa, A., 

Mixtures of pulverised fuel ash, Portland cement and 
Magnesium oxide: strength evolution and hydration 
products. Proceedings of the 6th International 
conference WASCON, Belgrade, 2006 

 

 
Figure 1:  Crystals of Nesquehonite (carbonated 
magnesium hydroxide) 
 
 

 
 
Luc Vandeperre 
 
Research Associate 
 
I am interested in material processing and the 
mechanical behaviour of materials. In the field of 
material processing, a substantial amount of work has 
been devoted to electrophoretic deposition as a 
shaping technology for layered ceramics. Further 
work has been on using natural binders such as 
starch or gelatine for gelcasting, and processing of 
zirconium tungstate. My interest in the mechanical 
behaviour started while testing the crack deflection 
ability of laminated shapes such as tubes. I have since 
been involved in modelling of the thermal shock 
resistance of monolithic as well as layered ceramics 
and have contributed to a better understanding of 
the fracture behaviour of brittle porous materials. I 
have a general interest in understanding limits to 
material properties and how these relate to the 
underlying mechanisms, and I am using nano-
indentation as a means to study fundamental material 
behaviour. 
 
Currently I am investigating new cement formulations 
which consist of substituting large fractions of 
Portland cement with magnesium oxide (MgO). The 
processing temperatures required to produce MgO 



(~700 °C) are much lower than what is needed to 
produce Portland cement (~1450 °C) and MgO-
cements therefore have a much lower embodied 
energy. As a further contribution to more 
environmentally friendly construction materials, we 
are investigating the use of MgO-cements in making 
construction products, which contain a large fraction 
of wastes such as pulverised fuel ash instead of new 
resources. As it is claimed that the MgO-based 
cements would carbonate substantially, the potential 
for carbon sequestration is also being evaluated 
alongside the use of these cements to bind 
problematic wastes such as heavy metals, oil or salts. 
 
Publications in 2006: 
 
1. L. J. Vandeperre, M. Liska, A. Al-Tabbaa, A 

comparison between two types of pfa in the 
performance of blends of MgO, PC and pfa, Ashtech 
2006, Birmingham, UK 

 
2. L. J. Vandeperre, M. Liska, A. Al-Tabbaa, Mixtures 

of pulverized fuel ash, Portland cement and 
Magnesium oxide: strength evolution and hydration 
products. WASCON 2006, Belgrade, Serbia. 
 

3. M. Liska, L.J. Vandeperre, A. Al-Tabbaa, Mixtures 
of pulverized fuel ash, Portland cement and 
Magnesium oxide: characterization of pastes and 
setting behaviour, WASCON 2006, Belgrade, 
Serbia. 
 

4. L. J. Vandeperre, M. Liska, A. Al-Tabbaa, Reactive 
Magnesium Oxide Cements: Properties and 
Applications. Sustainable Construction Materials 
and Technologies, June 2007, Coventry 
(accepted) 
 

5. L.J. Vandeperre, A. Al-Tabbaa, Forced carbonation 
of reactive MgO cements, submitted to Advances 
in Cement Research 

 
6. L.J. Vandeperre, M. Liska, A. Al-Tabbaa, 

Microstructures of reactive magnesia cement blends, 
submitted to Cement and Concrete Composites 
 

7. M. Liska, L.J. Vandeperre, A. Al-Tabbaa, 
Characterisation of reactive magnesia cement blends 
in terms of reactivity, setting and soundness, 
submitted to Cement and Concrete Research 
 

8. O. Van der Biest, L. Vandeperre, S. Put, G. Anne, 
J. Vleugels, Laminated and functionally graded 
ceramics by electrophoretic deposition, Key 
Engineering Materials, Vol. 333, pp49-58, 2007 
 

9. W.J. Clegg, L.J. Vandeperre, J.E. Pitchford, Energy 
Changes and the Lattice Resistance, Key 
Engineering Materials, Vols. 317-318, pp271-276, 
2006 

 
 
 

10. O. Vanderbiest, L. Vandeperre, S. Put, G. Anee, J. 
Vleugels, Laminated and functionally graded 
ceramics by electrophoretic deposition, Advances in 
Science and Technology, Vol. 45, pp1075-1084, 
2006 
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Fiona Kwok 
Churchill College 
 
Supervisor: Professor Malcolm Bolton 
Year: 3rd 
PhD Topic: Insights of creep behaviour of soils 

through DEM 
 
I graduated from University of Sheffield with a B.Eng. 
degree in Civil and Structural Engineering in 2001. I 
was awarded the Institution of Civil Engineers (ICE) 
Student Prize for outstanding academic performance 
and the Marshalls Masonry Prize for the best masonry 
related project in the same year. I then went to 
Massachusetts Institute of Technology (MIT) and 
earned an MEng degree in Civil and Environmental 
Engineering in 2002. After that I worked as a 
Geotechnical Engineer in a global engineering 
consulting firm, CDM, in the USA for two years. I 
started my PhD studies in 2004 with the financial 
support of a Cambridge Overseas Trust scholarship. 
 
My research is to investigate the time-dependent 
creep phenomenon of soil with the use of a 
computer simulation called Particle Flow Code in 3 
Dimensions (PFC3D) which adopts the Discrete 
Element Method (DEM). Soil creep is a continuous 
deformation of a soil element under a state of 
constant applied stress or load. The creep rate is 

known to increase with greater applied stress, which 
may either decrease rapidly with time or lead to 
creep rupture at large stress levels (Murayama et al., 
1984 and Lacerda, 1976). Past studies on time 
dependent behaviour of sands show that creep is a 
direct function of relative density and applied stress 
(Bowman and Soga, 2003). The creep of soil may lead 
to unexpectedly large settlement and failure of 
structures. Various possible mechanisms for changing 
creep rate have been considered. Two hypotheses of 
mechanism will be advanced in my research: 
 
1. Sliding velocity dependent on friction. Kuhn and 

Mitchell (1993) proposed that creep deformation 
is due to sliding between particles. As 
deformation proceeds during creep, particles 
undergo slight rearrangements that reduce the 
tangential components and/or increase the 
normal components of the contact forces, which 
reduce the velocity of interparticle sliding and 
the overall creep rate of soil. The mechanism of 
interparticle sliding is based on the rate process 
theory (Eyring, 1936). It gives an expression of 
the sliding velocity of two contacting particles as 
a function of the ratio between the tangential and 
normal contact force components. 
 

2. Time for particle breakage. The breaking of 
particles resulting from the slow growth of 
surface microcracks may contribute to the creep 
deformation as large particles break into small 
pieces which fill up the spaces between particles. 
The probability that a given sample will have a 
given strength can be described by Weibull 
statistics (Weibull, 1951). Weibull statistics have 
been applied to predict the tensile failure stress 
of soil grains compressed between flat platens 
(McDowell and Amon, 2000). Such a statistical 
approach can then be used to analyse particle 
survival of crushing in aggregates comprising 
many soil particles.  

 
The first mechanism of interparticle sliding was 
incorporated into the numerical model. Results of the 
computer simulations of creep were compared with 
those obtained from the laboratory soil tests. It has 
been shown that the contact sliding can actually 
produce the macroscopic behaviour that is similar to 
that of soils. The second creep mechanism of time 
for particle breakage is now being incorporated into a 
DEM model.   
 
This year, I was given the opportunity to attend the 
International Symposium on Geomechanics and 
Geotechnics of Particulate Media at the University of 
Yamaguchi, Ube, Japan. I have greatly benefited from 
the exchange of ideas with scholars gathered over 
the world. I also attended a workshop on granular 
materials at the University of Southampton at which I 
gave a presentation. Through these events, I did not 
only enhance my research knowledge but also built 
up friendships with other researchers. 



 
 
George Marketos 
Trinity College 
 
Supervisor: Professor Malcolm Bolton 
Year: 4th 
PhD Topic: A statistical investigation of particle 

crushing in sands and compaction band formation in 
reservoir sandstones 

 
The soil (especially sand) structure is a collection of 
discrete often crushable particles with some degree 
of bonding. This is quite distinct from other materials 
and has until recently been ignored completely, as 
most soil models were based on curve-fitting, defining 
parameters whose real significance with respect to 
other physical quantities still remains unclear. One of 
the aims of this project is to link observed soil 
behaviour to the properties of individual grains. 
 
For this reason Discrete Element Method (DEM) 
simulations of a soil were performed. Simulations on 
sand were performed in order to understand the way 
crushing events interact with each other and 
propagate inside a sample. This resulted in the 
development of a simple statistical model that is 
capable of quantifying the extent of crushing inside a 
sample [1],[2]. This model incorporates the force 
probability distribution, which was found to be a 
function of mean force only, and highlights the 
importance of the distribution of grain crushing 
strength, as the results will differ significantly for 
different strength distributions. For example, the 
overall strength of the material, and its stress-strain 
curve, will be completely different if the grains 
strength is uniform, or if it follows a Weibull 
distribution. 
 
DEM simulations of a bonded material displayed that 
crushing localisation inside a compaction band is 
possible [3],[4]. This process produces an instability in 
strain-controlled conditions, and has been associated 
with well-bore instability problems in oil reservoirs. 
Data on the propagation of this instability are 
available, while it seems that the ratio of bond 
strength to grain strength is a factor that dictates 

whether localised crushing will take place or not. 
Current work attempts to modify the statistical 
model so that it can predict whether such a 
compaction band will form. 
 
Other interesting aspects of this work include an 
investigation of the effect of the flat boundary on a 
sand sample, an attempt to describe the complex 3D 
structure of the force network inside a granular 
material, and the use of a method that calculates 
strain from the particle displacements. Furthermore, 
probabilistic analyses similar to the one performed 
for crushing could be used to study a variety of other 
aspects of the behaviour of granular materials. 
 
This work is funded by “The A.S.Onassis” and “The 
A.G.Leventis” Foundations of Greece. 
 
Publications in 2006: 
 
1. Marketos, G. & Bolton, M.D.: Quantifying the 

extent of crushing in granular materials: A 
probability-based predictive method. Submitted to 
the Journal of the Mechanics and Physics of 
Solids / under review. 

 
2. Marketos, G. & Bolton, M.D. (2006): A statistical 

investigation of particle crushing in sand. 
International Symposium on Geomechanics and 
Geotechnics of Particulate Media, Yamaguchi, 
Japan. p. 247-252. 

 
3. Marketos, G. & Bolton, M.D. (2006): A DEM study 

of compaction band formation. 7th International 
Workshop on Bifurcation, Instabilities and 
Degradation in Geomechanics, Chania, Greece. 

 
4. Marketos, G. & Bolton, M.D. (2005): Compaction 

bands as observed in DEM simulations. Powders 
and Grains 2005 Conference, Stuttgart, 
Germany. Vol. 2, p. 1405-1409. 
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Chang Shin Gue 
Churchill College 
 
Supervisors: Dr Kenichi Soga and 
  Professor Malcolm Bolton 
Year: 2nd 
PhD Topic: Submarine landslides simulation 

using centrifuge modelling 
 
I joined the Geotechnical Research Group in January 
2006 as a PhD Student. The financial support from 
the Norwegian Geotechnical Institute (NGI)/ 
International Centre for Geohazards (ICG) and 
Cambridge Commonwealth Trust which makes this 
research study possible is deeply appreciated. 
 
My PhD research is concentrated on simulating 
submarine landslides using centrifuge modelling. 
Landslides occur on land as well as offshore.  
However, rather little attention has been given to 
submarine landslides. Both land and submarine 
landslides have many similarities in terms of landslide 
mechanics. Nevertheless, they have some significant 

and remarkable differences as well. In particular, the 
unique characteristics of submarine landslides include 
a huge volume of mass movements and large travel 
distances at very gentle slopes.  
 
These submarine landslides have significant impacts 
and consequences on offshore and coastal facilities 
such as oil and gas production wells, platforms, 
pipelines, seafloor communication cables, as well as 
marine habitats. Furthermore, submarine landslides 
may also trigger tsunamis by their own displacements, 
leading to considerable damage to properties and loss 
of lives. Therefore, the knowledge and further 
understanding of submarine landslides are essential to 
mitigate these occurrences. 
 
The key to understanding the phenomena of 
submarine landslides is the initiation of failure 
(triggering mechanism) and the subsequent fluidised 
movement. The main factors that initiate submarine 
landslides include extremely high pore water 
pressure, rapid deposition, earthquake and gas 
hydrate. It is also important to understand the 
mechanisms of debris flow which are influenced by 
the type of soils. 
 
Although considerable literature on submarine 
landslides exists, knowledge, particularly in this field, 
is still lacking. Therefore, there is a pressing need for 
the research on submarine landslides to contribute 
further knowledge and understanding in this 
particular field. This will enable further innovative and 
economical engineering work both near coastal and 
offshore developments.  
 
Simulation of submarine landslides initiation and 
debris flow with a very gentle slope using the 
minidrum centrifuge will be conducted in this 
research. A series of tests will be conducted by 
varying the gravity fields with measurements of pore 
pressures and soil stresses at different locations in 
the slope. The mechanical processes that govern the 
movements of fluidised soil as well as the scaling laws 
for soil flow will be investigated. 
 
 



 
 
Koson Janmonta (Te) 
Hughes Hall 
 
Supervisor: Dr Kenichi Soga 
Year: 2nd 
PhD Topic: Slope monitoring through the 

application of optical fibre technology 
 
I started my research at Cambridge in October 2005. 
I completed my MEng at University of Bristol in 2004, 
after which I went back to Thailand and joined the 
Department of Rural Roads, Ministry of Transport. I 
was then awarded a Royal Thai Government 
scholarship to pursue my PhD at Cambridge 
University. 
 
I carry out my research in conjunction with The UK 
Highways Agency. It is known that road transport 
infrastructure is at risk when it is constructed on 
slopes that are subject to instability. The devastating 
effects of slope failures are often exacerbated by 
human activities and other natural causes. Slope 
failures cause property damage, injury and death and 
adversely affect a variety of resources. Many of the 
engineering design solutions to prevent the failures 
reflect geotechnical uncertainties and hence 
monitoring is essential. The information obtained 
from monitoring unstable slopes provides a means of 
understanding potential slope movement, both in 
relation to the mechanism involved and the 
effectiveness of slope stabilisation design policies. 
Although there exists a wide range of techniques 
which may be used for slope monitoring, the task of 
monitoring slopes is sometimes complicated by the 
extensive nature and unpredictability of slope 
movements. There is considerable uncertainty 

regarding the number and accuracy of measurements 
that will be required once the slope starts to move. 
  
After a year of research, I had worked on two 
siteworks, the first one was on M26 and the later one 
was on M25 – Potters Bar. Results from field 
installations of optical fibre sensing technology 
demonstrate practicality and success for measuring 
slope movement at both shallow and deep levels. 
From these siteworks advanced the use of a covered, 
160mm width SS20 type geogrid with an off-centre 
fibre attachment to give the most successful shallow 
slope strain profiles. Profiles recorded with a 
Brillouin Optical Time-Domain Reflectometry 
(BOTDR) analyser indicated slope movement was 
detected in cases where the slope was artificially 
failed by loading, and naturally proceeding periods of 
heavy rainfall. Fibre optic sensing is also effective at 
deeper levels relative to inclinometer methods, giving 
similar strain profiles; however, loss of fibre tension 
readily occurs. Suggestions are made for further field 
tests with geogrid installations, in addition to 
improving the method of optical fibre attachment to 
inclinometer casings enabling the sustained analysis of 
slope movements at shallow and deeper levels. 
 

 
Figure 1: At a sitework on the M25 – Potters Bar 
 
 



 
 
Christopher C. Y. Lo 
Trinity College 
 
Supervisors: Professor Malcolm Bolton and 
  Dr Helen Cheng (UCL) 
Year: 1st 
PhD Topic: Numerical investigation of rock 

avalanche mechanics through discrete element 
analysis   

 
I received my BEng degree in Civil and Environmental 
Engineering from University College London (UCL) in 
2005. I then stayed on to postgraduate study and 
graduated with an MSc in 2006. I received a research 
scholarship from Trinity College in October 2006, 
and joined the Geotechnical research group to start 
my PhD study in debris flow and rock slope 
engineering. 
 
Large rock avalanches (also known as sturzstorms) are 
amongst the most spectacular and catastrophic 
geological hazards in many parts of the world. They 
occur when masses of shattered rock, sometimes an 
entire cliff, become unstable and fall along the slope. 
It is not uncommon that they can travel several 
kilometres within minutes, and causes significant 
impacts on human lives and infrastructure in the 
mountainous area. Therefore, the study of 
geomechanics and flow characteristics involved in 
such events are crucially important for both hazard 
risk assessment and mitigation, and in turn enables 
further innovative and economical engineering 
planning works near the risk zone. 
 
Although considerable literature and case studies 
exist in this field, little has been known about the 
fundamental mechanics governing their failure and 
subsequent flow. The complexities of the problem 
arise from the unknown initial triggering mechanisms, 
the unpredictable post-failure behaviour and the 
multi-phase, dynamic nature of the rock movement. 
In recent years, mathematicians and engineers have 
attempted to develop empirical models to relate 
physical parameters with the actual flow behaviour. 
However, the triggering and disintegration mechanics 
of the problem remain unsolved. Clearly further 

work is required if we are to understand the 
fundamental physics behind these giant rockslides. 
 
The rock avalanche phenomenon can be 
characterised by two distinct stages: 
 
1.  the triggering process, and 
2.  the subsequent granular flow.  
 
In both phases, fragmentation and particle breakages 
have played an important role throughout the runout 
and contribute to the fluidised, plastic behaviour of 
the rockslide (Davies et al., 2002; Locat et al., 2006). 
Recent advances in numerical modelling enables the 
study of granular flow at particle level, and provides a 
promising and appealing tool in understanding the 
micromechanics involved in giant rockfalls. This gives 
a fresh and unified approach in analysing the 
geomechanics and dynamic fragmentation features 
during the course of rockslide. 
 
My work is going to focus on the development of a 
rock avalanche model to investigate the fundamental 
mechanics that governs the mobility and flow. Using 
the computer software PFC3D, which adopts the 
Discrete Element Method (DEM), numerical 
simulations of rockfalls will be conducted to explore 
the underlying physics of the problem. Different 
scenarios and parameters will be input to the 
numerical model to investigate the governing factors 
leading to the formation and activity of rock 
avalanches. Results from computer simulation works 
will be critically compared with existing field data, 
theoretical predictions and centrifuge laboratory 
results at Cambridge (Bowman and Take, 2005), and 
as a validity check on the computer model. It is 
hoped that by connecting the micromechanical 
findings with the macro-behaviour of rock avalanches, 
a wider perspective on the underlying causes, physics 
and runout mechanics of these giant landslides could 
be gained. This will allow improved prediction 
methods for hazard risk assessments, and ultimately 
aid mitigation and prevention of their occurrences. 
 
The financial support from Trinity College and 
Cambridge Overseas Trust, which enable me to 
pursue this research, is greatly appreciated. 
 
 
 
 



 
 
Hirotoshi Mori 
Churchill College 
 
Supervisor: Kenichi Soga 
Year: 1st 
PhD Topic: The SPH method to simulate river 

levee failures by seepage 
 
Personal History: 
1997 Received Bachelor degree from Kyoto 

University in civil engineering 
1999 Received Master’s degree from Kyoto 

University in landscape engineering. Joined the 
Public Works Research Institute in Japan as a 
researcher in geotechnical engineering 

 2006 Matriculate at University of Cambridge as MSc 
student 

 
Background: 
In 2004, ten typhoons struck Japan. However, the 
annual average number of typhoon was only 2.6 
between 1971 and 2000. Mainly by this increased 
number of typhoons, more than 20 rivers flooded 
due to overflowing of the river water and there were 
several catastrophic river levee failures (Figure 1).  
 

 
 
It is generally considered that river levees fail by 
increased seepage as well as soil erosion associated 
with overflowing of the river water. The failures by 
seepage have two mechanics; circular slip and 
progressive piping. The conventional saturated / 

unsaturated seepage analysis and the circular slip 
surface analysis have been used to evaluate the effects 
of seepage and infiltration on the stability of the 
levees. More recently, Kodaka et al. (1994) and 
Maeda et al (2006) suggested that the air trapped 
inside earth structures can weaken the soil by the 
associated increase in air pressure in the pores. 
 
This research investigates the applicability of a new 
numerical analysis method to reproduce trapped air 
in the levees and the large deformation of the levees 
by circular slip and progressive piping. The overall 
aims of the research are to propose numerical 
methods for the levees against seepage and to 
examine what conditions the trapped air creates in 
the instability of the levees. 
 
Methodology: 
In this study, a numerical code based on the 
Smoothed Particle Hydrodynamics (SPH) method will 
be developed to investigate the problem. The 
method is a multi-phase (soil / water / air) numerical 
analysis method and uses particles instead of meshes 
or elements. It has several merits to simulate river 
levee failures by seepage compared to the FEM and 
the DEM. The large deformation of earth structures 
can be easily reproduced without using complex and 
extra technique adopted commonly in the FEM. The 
interactions between particles are simply dominated 
by the conservation of mass / momentum / energy in 
the SPH method, thus the difficulty of fixing the 
interaction parameters in the DEM can be avoided.  
In addition, large amount of seepage through gravels 
which do not obey Darcy's law can be simulated with 
the SPH method. On the other hand, the SPH 
method has some limitations. It requires more 
computational power than FEM. Mesh generation is 
not required. However, the initial position of the 
particles is important to obtain an accurate solution 
to the problem. The application of a boundary 
condition is not straight forward and requires further 
investigation. 
 
Specific Objectives: 
Using the SPH code developed in this research, the 
project will investigate the stability of river levees 
with the following specific objectives: 
 
1. To propose new numerical method to analyse 

the behaviour of river levees. 
 
2. To simulate full-scale experiments in PWRI and 

to verify the developed code. 
 
3. To examine the effect of trapped air in river 

levees and to find the influence of cross-section 
configuration on the risk of failure. Figure 1: A river levee failure in Japan (2004) 

 
4. To evaluate the existing drainage method in 

terms of reducing the risk of the failure by 
trapped air. 

 
 



 
 
 
 
 
 
 

Research area:  
Foundations and 
Pipelines 
 
 
 
 
 
 
 
 
 

 
 
G Senthil Arasu 
St John’s College 
 
Supervisor: Professor Malcolm Bolton 
Year: 3rd 
PhD Topic: Pipe-soil interaction of unburied 

pipelines in deepwaters 
 
I joined the Schofield Centre, Geotechnical Research 
Group in January 2005 as a researcher leading to a 
PhD. I had about four years of industrial experience 
mainly in the area of offshore structures, pipelines, 
and subsea installations before I started the research. 
I am affiliated to St John’s College. My research is 
jointly funded by the Cambridge Commonwealth 
Trust and the Engineering Department. 
 
I have been researching deepwater offshore pipelines 
(unburied) and their interaction with clay seabed. 
 
The insatiable appetite for energy necessitates 
explorations off the coast in deep waters. Pipelines 
are vital for product transport in any hydrocarbon 
field development. Deepwater pipelines experience 
hostile environmental conditions and need to operate 
at high temperature and high pressure. Consequently, 

the pipes tend to expand and buckle, or walk on the 
sea bed, depending on their relative lengths and 
buckling capacity. Lateral buckling and pipe walking 
are major design issues. Understanding the pipe-soil 
interaction is the key for the design of pipelines. 
  
The core objective of my research is to understand 
the behaviour of axial and lateral pipe-soil interaction 
of unburied pipelines with the clay seabed. A series of 
model scale and pilot scale experiments have been 
designed to address the problem. Lateral pipe-soil 
interaction is simulated using scale models in the 
Minidrum Centrifuge, whereas axial pipe-soil 
interaction is addressed through pilot scale tests at 
1g.  
 
Axial pipe-soil response 
A handy experimental kit, Camshear device, was 
developed at the Schofield Centre which could 
measure both the interface and internal strength of 
very low shear strength (1 kPa to 5 kPa) clays.  
Though the Camshear device seemed versatile and 
could address a range of parameters, it has its own 
drawbacks. Hence, actual pipe axial pipe-soil 
interaction tests have been developed. Axial pipe-soil 
testing was first attempted in a test tank with short 
pipe sections of about a meter long followed by long 
pipe tests in a trough of 10 m long.  
 
Lateral pipe-soil interaction 
An experimental device was developed at the 
Schofield Centre to simulate lateral pipe-soil 
interaction in the Minidrum Centrifuge. A miniature 
T-bar was also developed to characterise the model 
seabed. 
 
The pipe-soil interaction testing being carried out at 
the Schofield Centre forms part of a Joint Industry 
Project entitled SAFEBUCK Phase 2 aimed at 
resolving design issues pertinent to unburied deep 
water pipelines and is organised by a conglomerate of 
oil companies, consultants, contractors, 
manufacturers, research institute and academic 
institution.  
 
I am also actively involved in industrial consultancy 
work relevant to pipe-soil interaction testing for real 
time industry projects. Recently a series of axial and 
lateral pipe-soil interaction tests were conducted for 
a BP project, and also involved in a pipeline upheaval 
resistance testing in the Minidrum Centrifuge for a 
project in the North Sea area. 
 
 



 
 
Tzi Piau Cheong 
Hughes Hall 
 
Supervisor: Dr Kenichi Soga 
Year: 5th 
PhD Topic: Analysis of three-dimensional soil-

pipeline interaction 
 
Our community needs energy to produce essential 
goods and services as well as for sustenance of life, 
especially in cold weather countries. Pipeline systems 
(i.e. gas, oil and water) play an important role in this 
matter because they are efficient and reliable 
conduits widely used today to transmit energy to 
society. Therefore, the understanding of soil-pipeline 
interaction behaviour is essential in order to prevent 
any failure or breakage of pipelines. The entire 
research is performed using numerical analysis and 
the main objectives are to improve the structural 
modelling of buried pipelines as well as looking 
seriously at the aspects of soil-pipeline interaction 
when subjected to lateral ground loading. However, 
most importantly is to produce a design code and 
design guidelines which will be of direct benefit to 
practising pipeline engineers.  
 
The main conclusions from my research work can be 
drawn as follows: 
 
1. A more advanced soil model: Modified Nor-Sand 

model has been derived and implemented into the 
ABAQUS code. The model aims to enhance its 
performance of representing sand. 

 
2. 2-D FE analyses have been carried out to 

investigate the effect of partial drainage by varying 
the loading time in a saturated soil medium. A 
non-dimensional chart is proposed and it 
characterises the force transition from undrained 
to partially and fully-drained conditions. It was 
found that partially-drained and undrained loading 
gave stiffer and higher pipe force values compared 
to drained case. 

 

3. The effect of global and local soil shearing on the 
F-δrel response of a lateral loaded pipeline has 
been conducted. It was found that the F-δrel curve 
will soften for active-loading as the soil-boundary 
is pulled out in a far-field mechanism, but it 
stiffens for passive-loading as the soil must 
‘squeeze’ between the pipe and surrounding soils. 
Two design charts have been constructed that 
account for laterally loaded pipes when the soil is 
sheared in both drained and undrained loading 
cases. It indicates that pipe force is associated 
with not only the dilatancy characteristic of sand 
but also pore fluid migration around the pipe. 

 
4. A series of 3-D FE analyses of pipeline with 

bended 45º, 22.5º and 11.25º elbow-pipe were 
conducted to study the soil-pipeline interaction in 
sand subjected to lateral ground movements with 
emphasis on the peak forces exerted to the 
bended elbow-pipe. Consistent increments of Nq 
value from straight to bended elbow-pipe are 
apparent. Deeper, denser and elbow with larger 
bending angle accounted higher Nq. Opening 
mode elbow-pipe exhibited higher Nq compared 
to closing mode elbow-pipe. Soil failure 
mechanisms and the force transition curve from 
elbow to straight-pipe region are presented. A 
non-dimensional design chart has also been 
proposed. It is concluded that a proper well 
defined pipeline with bended elbow-pipe should 
be modelled by three different types of F-δrel 
spring models. 

 
Implementation works on all the soil-pipeline 
interaction models were anticipating the use of 
ABAQUS as the FE solver system. The approach to 
the soil-pipeline structural modelling is to simulate 
the pipe as a 3-D shell element and the soil as a 
continuum 3-D solid element. Two types of soil 
model are used in the simulation: Mohr-Coulomb and 
Nor-Sand soil models.  
 
My PhD was completed in December 2006. 
 



 
 
Andrew D. Deeks 
Gonville and Caius College 
 
Supervisor: Dr Dave White 
Year: 3rd 
PhD Topic: Displacement piles in sand 
 
The strength and stiffness of a pile foundation is 
influenced by the installation method.  The purpose 
of this research is to investigate the behaviour of 
jacked displacement piles, and to establish whether 
existing design methods can be applied to (or 
modified for) jacked piles.  
 
Previous research has identified that dynamically-
installed displacement piles show higher stiffness than 
non-displacement (bored) piles. Even higher stiffness 
has been reported for jacked piles. This relative 
performance can be attributed to the differing stress 
histories applied to the soil surrounding the pile by 
each installation procedure. Pile jacking pre-loads the 
soil beneath the pile tip during installation, and can 
trap residual base load. These effects stiffen the base 
response, and reduce the settlement required to 
mobilise the full base resistance. 
 
This combination of high capacity, high stiffness, low 
noise and low induced ground vibration makes pile 
jacking technology suited to the construction of deep 
foundations in the modern urban environment. 
 
I have conducted centrifuge modelling of the pile 
jacking process in dry Fraction E sand. To do this I 
developed a control system that allows the pile 
jacking process to be faithfully replicated. In 45 hours 
of centrifuge testing 24 pile installations have been 
conducted. Approximately 2600 cycles of 
load/displacement have been applied, either during 
installation, or subsequent to installation in 
compression and tension. 
 
A simple design method to predict the base response 
of jacked piles has been developed. This method links 
the initial stiffness, stiffness degradation and ultimate 
capacity to the seismic CPT parameters G0 and qc. 
 
In my future work I aim to: 

 
a. Develop the base response model to account for 

the effects of cyclic loading; 
 
b. Develop a model of pile shaft capacity and 

stiffness, encapsulating both far-field and interface 
behaviour; 

 
c. Verify the mechanism and relative magnitude of 

cyclic degradation on larger diameter, field scale 
piles. 

 
The financial support of the George and Lillian Schiff 
Foundation and Giken Seisakusho Co. Ltd. which 
enable me to pursue this research is greatly 
appreciated. 
 
Publications in 2006: 
 
1. Deeks, A.D. and White, D.J. 2006. Centrifuge 

modelling of jacked piles. 6th International 
Conference on Physical Modelling in 
Geotechnics, Hong Kong. 2:821-826. 

 
2. Zhao Y., Gafar K., Elshafie M.Z.E.B., Deeks A.D., 

Knappett J.A. and Madabhushi S.P.G. 2006. 
Calibration and use of a new automatic sand pourer. 
6th International Conference on Physical Modelling in 
Geotechnics, Hong Kong. 1:265-270. 

 
3. White, D.J. and Deeks A.D. 2007. Recent research 

into the behaviour of jacked foundation piles. 
International Workshop on Recent Advances of 
Deep Foundations (IWDPF07), Yokosuka, Japan. 
Accepted for publication.  

 
4. Deeks, A.D. and White, D.J. 2007. Centrifuge 

modelling of the base response of closed-ended 
jacked piles. International Workshop on Recent 
Advances of Deep Foundations (IWDPF07), 
Yokosuka, Japan. Accepted for publication.  

 



 
 
Yat Fai (Andy) Leung 
Darwin College 
 
Supervisor: Kenichi Soga 
Year: 1st 
PhD Topic: Smart Foundations with Distributed 

Fibre Optics Technology 
 
I received my undergraduate education in Civil 
Engineering at The University of Hong Kong, after 
which I pursued graduate studies at the University of 
California at Berkeley, and received my Master of 
Science Degree in June 2005.  Then I joined the San 
Francisco office of URS Corporation and worked as a 
geotechnical engineer for approximately one year.  I 
started my PhD studies at Cambridge in October 
2006. 
 
My PhD research is related to the monitoring and 
reuse of foundations.  In congested urban areas, the 
possible locations for foundation construction are 
often constrained by the underground infrastructure.  
With the ground becoming increasingly congested, it 
may come to the point at which there is no room for 
new foundations. Therefore, the reuse of foundations 
in urban sites has raised increasing concern in the 
civil engineering profession. 
 
The feasibility study of foundation reuse requires 
input from various disciplines that look into its 
technical, financial and legal impacts.  From a 
geotechnical engineering standpoint, long-term 
monitoring of foundation behaviour and studies on 
the soil-structure interaction are imperative to justify 
the technical feasibility of foundation reuse.  This 
leads to the concept of Smart Foundations, in which 
the foundation behaviour is continuously monitored 
with fibre optics technology, which detects possible 
problems occurring in the foundation system by 
strain and temperature measurements, etc.  The 
advantage of fibre optics technology lies on its ability 
to make distributed strain measurement along the 
foundation components, as opposed to discrete 
strain measurement instruments conventionally used 
in the geotechnical engineering profession.  
 

My research will demonstrate the importance of 
distributed strain measurements to monitor the 
performance of building foundations.  Using the 
distributed strain data, the research will involve the 
development of a computer code as a design tool to 
optimise the performance of foundations that require 
rehabilitation, repair and reuse.  This will be a soil-
foundation-structure assessment tool aiming to study 
optimum pile locations and geometries based on the 
criterion set by the industrial partners.  
 
My research is funded by the EPSRC and the 
Cambridge Overseas Trust.   Their contribution is 
greatly appreciated.  
 
 

 
 
Zheming Li 
Wolfson College 
 
Supervisor: Professor Malcolm Bolton 
Year: 1st 
PhD Topic: Response of piled foundation in 

earthquake 
 
I graduated from Southeast University, Nanjing, 
China, with a Bachelor Degree in Structural 
Engineering in 2003. After three years of study at 
Tongji University, Shanghai, China, I was offered the 
China/UK postgraduate research scholarship from 
China Scholarship Council and obtained the great 
chance to do my research at the University of 
Cambridge in October 2006 as a PhD student. 
 
Pile foundations are commonly used to resist vertical 
and lateral loads applied to structures. My research 
project focuses on the response of the single pile and 
pile groups constructed in sand when subjected to 
lateral loads and earthquakes.  
 
The experiment researches include in-situ field tests 
and laboratory experiments. Though field tests can 
eliminate the scale effect, it is expensive to conduct a 
large number of field tests in order to acquire the 
behaviour of the piles under different kinds of load, 
and diverse variables involved when in-situ soil is 
tested with inadequate control makes a difficulty in 
comparison between observed and predicted 
behaviour. In contrast, it is reasonable to carry out 



centrifuge tests to identify the displacements and 
stress distributions of piled foundations in the 
installation and loading processes. Consequently, in 
my research project, which aims towards optimising 
construction methods and designs, the responses of 
the piles under different kinds of axial and lateral 
loads in centrifuge tests will be observed and 
analysed.  
 
Recently a new 2D servo-actuator has been 
developed at the Schofield Centre, by which a 
combination of vertical and horizontal loads can be 
conveniently exerted onto the pile. A proof test will 
be conducted on the beam centrifuge to check the 
performance of the actuator and data-logging of the 
load cells. My first series of 20 pile tests will be 
conducted in 2007, in which the pile will be installed 
using three different methods and subjected to 
diverse combinations of vertical and horizontal loads. 
In addition, the responses of the pile subjected to 
cyclic lateral loads will be observed in this series of 
centrifuge tests, and the influence of the cyclic loads 
on responses of the piles can be evaluated. 
Therefore, the effect of the installation approach and 
stress condition on these responses of the piles, 
including p-y and t-z curves, can be attained.  
 
After completing the series of tests mentioned above, 
the response of the pile group under lateral loads and 
earthquake will be tested.  Also, the group effect on 
the response of the pile foundations in earthquakes 
be acquired. 
 
 

 
 
 
Dilan Jeyachandran Robert 
Churchill College 
 
Supervisor: Dr. Kenichi Soga 
Year: 1st 
PhD Topic: Soil-Pipeline Interaction 
 
I started my PhD in October 2006, having completed 
my undergraduate studies at the University of 

Moratuwa Sri Lanka at the end of 2004.  I have been 
made an award by the Cambridge Commonwealth 
Trust which covers all the tuition fees together with 
industrial funds for maintenance of the three years of 
study. 
 
Having completed my Bachelor studies successfully 
with the Gold medal at the University of Moratuwa, 
Sri Lanka, I joined industry to add some industrial 
experience to my career. After working at the State 
Engineering Corporation for one year as a Civil 
Engineer, I joined the geotechnical engineering group 
of University of Moratuwa, Sri Lanka, where I worked 
under the senior staff members in assisting the 
undergraduate teaching. 
 
Pipelines are very important lifelines of modern 
civilisation, transporting water, sewage, oil, natural 
gas and other materials for the support of life and 
maintenance of property. Important characteristics of 
buried pipelines are that they generally cover large 
areas and are subjected to a variety of geohazards. 
They can be damaged either by permanent 
movements of ground or by transient seismic wave 
propagation. Permanent ground movements include 
surface faulting, lateral spreading due to liquefaction, 
and landslides. My research investigates the behaviour 
of pipeline subjected to permanent ground 
movements. 
 
Recent laboratory investigation by Cornell University 
shows that the magnitude of soil loading dramatically 
increases when the soil is wetted (i.e. unsaturated) 
compared to when the soil is dry. This finding has 
significant practical implication as the existing design 
codes (e.g. ASCE) have been developed based on the 
results of laboratory experiments and 
analytical/numerical analyses of dry soils (or fully 
drained saturated soils). Therefore, the effects of soil 
suction on soil-pipeline interaction mechanism needs 
to be investigated to assess the pipeline risk more 
accurately under realistic (non-dry) soil conditions. 
During the first part of my research, I will investigate 
the effect of soil suction of unsaturated soil on soil-
pipeline interaction more accurately with the use of 
the finite element package ABAQUS. Furthermore 
some triaxial compression tests will be performed for 
the investigation of the mechanical behaviour of 
unsaturated soil. Also, the developed soil-pipeline 
interaction models will be validated against the tank 
test data from Cornell University. The practical 
implication of the findings will be discussed with 
Tokyo Gas, who is sponsoring the work. 
 
During the second part of my research, I plan to 
study about the behaviour of pipeline crossing faults. 
The main aim of this research is to understand the 
behaviour of pipelines under extreme loading caused 
by fault movements due to an earthquake. The 
specific objectives here are: 
 
(i) to evaluate the magnitude of soil loading to a 

pipeline under various fault crossing conditions;  
and  



 (ii) to develop design guidelines and remediation 
methods to minimise the risk of pipeline failures. 

 
The investigation will be conducted mainly by 
numerical analysis using the Finite Element Method. 
There will be a collaboration with Professor Tom 
O’Rourke of Cornell University, who is currently 
performing large scale model experiments of the 
problem. The data generated in these experiments 
will be compared with the results obtained from my 
research. A series of three dimensional finite element 
analyses will be performed to evaluate the magnitude 
of soil loading applied to a pipeline that is subjected 
to fault movements. Different fault types and pipeline 
orientations will be considered. The investigation will 
use a finite element package ABAQUS EXPLICT and 
will utilise the existing user subroutines of advanced 
constitutive soil models developed at Cambridge to 
simulate realistic soil deformations around the 
pipeline. Based on the findings from the finite element 
analyses, a design guideline for a pipeline system 
crossing an active fault zone will be proposed. In 
order to verify the adopted numerical analysis 
methods, the results will be compared to the data of 
large scale model experiments currently performed 
at Cornell University. Different remediation 
strategies will be considered along with Atkins, who 
are supporting this work, and the guideline will 
include any recommendations for their adaptations. 
 
 

 
 
Yueyang Zhao 
Magdalene College 
 
Supervisor: Professor Malcolm Bolton 
Year: 4th 
PhD Topic: In situ investigation and pile 

performance in sand 
 
I started my PhD in 2003, with generous funding from 
Cementation Foundations Skanska and the 
Cambridge Overseas Trust, after completing one 
year of Design Engineer placement at Cementation’s 
Maple Cross head office. Previously, I studied MEng at 
Magdalene as a William SD Louey Educational 
Foundation Scholar (Hong Kong). 
 

Sand is a difficult material. Piling in general is a 
disruptive construction method; combining the two, 
makes prediction perilous. This PhD is aimed at 
demonstrating with a suitable level of interpretation, 
utilising the commonly available methods of in situ 
investigation, e.g. seismic CPT and self boring 
pressuremeter, under idealised conditions, 
predictions of pile behaviour are possible for both 
bored and pressed-in varieties. 
 
I had the benefit of a robot sand pourer for preparing 
repeatable samples. I have utilised available and 
further developed centrifuge instruments for the 
above purpose: air hammers with accelerometer 
arrays for seismic information during construction 
and miniature pressuremeter for virgin soil in-situ 
testing. I have conducted stress path triaxial tests 
with local strain and seismic measurements to 
provide better understanding of these in-situ 
instruments. 
 
Publications in 2006: 
 
1. White, D.J. and Zhao, Y. (2006), A model-scale 

investigation into ‘set-up’ of displacement piles in 
sand. ICPMG 06’ Hong Kong. 

 
2. Zhao, Y., White, D.J. and Bolton M.D. In-situ 

seismic monitoring during centrifuge tests of jacked 
piles. ICPMG 06’ Hong Kong. 

 
3. Zhao, Y., Gafar, K., Elshafie, M.Z.E.B., Deeks, 

A.D., Knappett, J.A. and Madabhushi, S.P.G. 
(2006) Calibration and use of a new automatic sand 
pourer. ICPMG 06’ Hong Kong. 

 

 
Figure 1: The centrifuge package: (1,2) the pressuremeter 
volume monitoring station and (3) the complete assembly 
with piling actuator and buried seismic instruments. 
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Peter J. Bennett 
Wolfson College 
 
Senior Research Fellow 
 
I am conducting research on new sensor techniques 
for geotechnical applications. These include 
distributed optical fibre strain gauges, MEMs strain 
gauges and wireless sensor networks. I am managing 
the EPSRC funded Wired and Wireless Intelligent 
Networked Systems (WINES) – Smart Infrastructure 
Project. 
 
Much of the engineering infrastructure in the UK, 
such as tunnels and pipes, is Victorian and over 100 
years old. Replacing this infrastructure may be 
uneconomic and unnecessary. The aim of the WINES 
– Smart Infrastructure project is to develop new 
technologies to allow monitoring and condition 
assessment so infrastructure owners can target their 
resources appropriately. 
 
Using wireless technology to report the monitoring 
results is attractive to infrastructure owners as it can 
allow real time monitoring and a low-cost, fast 
deployment, especially in difficult-to-access areas. The 
right sort of network can also allow for future 
expansion and can be remotely reconfigured, allowing 

higher samples rates to be triggered by an event or 
on request. 
 
The project aims to develop a generic wireless 
sensor network monitoring system that can be 
tailored to the specific infrastructure, for example by 
the type of sensor required. The design and 
deployment of large scale, generic and pervasive 
sensor networks is one of the major goals of our 
project. We aim to encourage sharing of equipment 
for monitoring of multiple types of infrastructures 
and intend to exploit common characteristics of 
different infrastructures to advance sensor network 
design. 
 
Trials on this technology have begun with an 
installation in the Prague metro. I would like to thank 
all the project partners for their support - they are 
listed at www.winesinfrastructure.org. I am 
particularly looking forward to further trials in the 
London Underground, thanks to Tubelines and 
Metronet, and at the Humber Bridge. 
 
The battery life requirements mean that these 
wireless sensors networks are particularly suited for 
use with the MEMs sensors and power harvesting 
techniques that are currently being developed by Dr 
James Ransley. 
 
An alternative to using electrical wired or wireless 
sensor networks is optical fibre sensing. I have been 
conducting research on distributed optical fibre strain 
sensor, which allows the strain to be measured all the 
way along the fibre. This allows the full strain profile 
to be obtained, which is particularly important for 
geotechnical applications. The method I have been 
working on is based on Brillouin optical time domain 
reflectometry (BOTDR).  
 
The past year has seen a number of new field trials. 
These include collaborations with the Highways 
Agency and GCG to investigate monitoring slope 
movements with field trials on the M25. 
Collaborations with Cementation Foundations 
Skanska and Arup have allowed access to sites to 
study foundations and retaining walls. A trial in 
Singapore with the Land Transport Authority 
monitored a newly constructed tunnel during 
construction of the adjacent tunnel, the second of the 
dual-bore, separated by ~ half a diameter. 
 
Publications in 2006: 
 
1. A. Klar, P.J. Bennett, K. Soga, R.J. Mair, P. Tester, 

R. Fernie H.D. St John, and G. Torp Peterson, 
Distributed strain measurements for pile foundations, 
to be published in Proceedings of the Institution 
of Civil Engineers, Geotechnical Engineering 159, 
No. GE3, pp 135-144. 

 
2. P.J. Bennett, A. Klar, T.E.B. Vorster, C.K. Choy, 

H. Mohammad, K. Soga, R.J. Mair, P. Tester, and 
R. Fernie, Distributed optical fibre strain sensing in 
piles, in Reuse of foundations for urban sites, 



Proceedings of the International Conference, 
October 2006, eds. A.P. Butcher, J.J.M. Powell, 
and H.D. Skinner (IHS BRE Press, Bracknell, UK, 
2006) pp.71. 

 
3. P. Tester, R. Fernie, P.J. Bennett, G. Kister, Y. 

Gebremichael, Brillouin and fibre Bragg grating 
fibre-optics development at a ‘Rufus’ site in London, 
in Reuse of foundations for urban sites, 
Proceedings of the International Conference, 
October 2006, eds. A.P. Butcher, J.J. M.Powell, 
and H.D. Skinner (IHS BRE Press, Bracknell, Uk, 
2006) pp.147. 

 
4. T.E.B. Vorster, R.J. Mair, K. Soga, A. Klar, and P.J. 

Bennett, Using BOTDR fibre optic sensors to 
monitor pipeline behaviour during tunnelling, Third 
European Workshop on Structural Health 
Monitoring, 5-7 July 2006, Granada (Spain). 

 
5. T.E.B. Vorster, K. Soga, R.J. Mair, P.J. Bennett, A. 

Klar, and C.K. Choy, The use of fibre optic sensors 
to monitor pipeline response to tunnelling, in 
Geotechnical Engineering In The Information 
Technology Age, Proceedings Of Geocongress 
2006, February 26–March 1, 2006 Atlanta, 
Georgia, USA. 

 
 

 
 
Johnson K. H. Chung 
Jesus College 
 
Supervisor: Professor Robert Mair 
Year: 3rd 
PhD Topic: Effects of Piles on Tunnels 
 
I received the BEng in Civil Engineering (first class 
honours) and MPhil in Geotechnical Engineering from 
the Hong Kong University of Science and Technology 
in 2002 and 2004, respectively. My PhD at the 
University of Cambridge started from October 2004 
and is scheduled to be completed by December 2007. 
 
The aim of my PhD programme is to study the 
interaction mechanism between piles and tunnels. 
The increasing demand of piled foundations and 
underground structures in confined space (such as 
London and Hong Kong) leads piles and tunnels being 

constructed much more closely. Comprehensive 
understanding of the influence among these 
structures is essential for safe and economical designs 
in future. 
 
For the research methodology, the 10 m beam 
centrifuge at the Schofield Centre is employed to 
undergo small-scaled physical model studies. The 
model configuration is shown in Figure 1. An 
instrumented model tunnel with 100 mm tunnel 
diameter (Figure 2) is used to measure the influence 
from the pile loading. 
 
In addition to centrifuge model studies, I am also 
using finite element method (ABAQUS) to study this 
problem. Three dimensional simulations have been 
carried out to further study the pile-tunnel 
interaction. 
 
This research is supported by GCG (Asia) and Kajima 
Corporation. 
 
Publication in 2006: 
 
1. Chung, K.H., Mair, R.J. and Choy, C.K. (2006).  

Centrifuge modelling of pile-tunnel Interaction.  
Physical Modelling in Geotechnics – 6th 
ICPMG’06 – Ng, Zhang & Wang (eds), pp. 1151 
to 1156. 
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Figure 1: Schematic diagram of the centrifuge model 
package (values in brackets show the prototype 
dimensions) 
 



 
Figure 2:  Instrumented model tunnel 
 
 

 
 
Kensuke Date 
Churchill College 
 
Supervisor: Professor Robert Mair 
Year: 4th 
PhD Topic: Tunnel reinforcement with 

forepoling and facebolts in shallow, sandy 
ground 

 
In recent years, open face tunnelling has been 
adopted even in urban ground with little cohesion. In 
urban tunnelling, we often face the problem of face 
stability and large ground settlement. In order to 
eliminate these problems, a number of methods for 
ground treatment have been developed and applied 
to a lot of actual construction sites.  
 
Forepoling and facebolts could be the two most 
popular methods of tunnel reinforcement at present. 
The former can be found in Japan, Korea and Taiwan, 
while facebolts can be found in Italy, France and 
Spain. However, both have been installed only based 
on local and empirical designs, which might induce 
serious accidents if excavation would be conducted 
under challenging conditions (e.g. shallow cover). 
Also, empirical designs might lead to a waste of 
money because it would give extra unnecessary 
reinforcement. Therefore, it is of great importance to 

select the most appropriate reinforcement method 
and decide the arrangement at every excavation stage 
in actual tunnelling.  
 
The background shows that it is quite important to 
know the reinforcing mechanism of forepoling and 
facebolts, and then establish rational design criteria 
for both.  
 
I am especially interested in the deformation change 
with support pressure decrease and also its 
difference between forepoling and facebolts, which 
has been investigated with beam centrifuge tests and 
3-dimensional numerical analysis (FLAC3D). The PIV 
analysis with my past centrifuge tests has given 
interesting results for displacement vectors around a 
model tunnel. I am evaluating the effects of the tunnel 
reinforcement parameters: bolt length, diameter, 
spacing, material (stiffness) and arrangement.  

Strain gauges 

 



 
 
Mohammed Z B Elshafie 
Hughes Hall 
 
Supervisor: Professor Robert Mair 
Year: 4th 
PhD Topic: Effect of Building Stiffness on 

Excavation-Induced Displacements 
 
In recent years, increasing attention is being given to 
the ground movement control in urban areas. The 
increasing demand for new infrastructure in urban 
areas has lead to a great number of deep excavations. 
The construction of these excavations with all the 
accompanied processes of dewatering, wall 
installation and excavation result in displacement 
profiles in the soil mass behind the wall. The 
assessment of the influence of these construction 
processes including the excavation geometry on 
buildings and other structures has become an 
important and costly environmental issue. There is, 
therefore, a pressing need for research in the 
performance of structures subjected to excavation-
induced displacements.  
 
MPhil Degree: Through a series of finite element 
analyses the interactivity between the excavation-
induced displacements and structures was 
investigated and proved that the problem is of 
interactive nature, i.e. the existing structures affect 
the ground displacements due to excavation 
construction. This influence was quantified through 
two stiffness parameters through which design graphs 
to estimate the likely movements that occur in the 
ground were proposed. 
 
PhD Degree: Investigation of the effect of the 
ground movements (and the estimation of the likely 
damage to existing structure) due to excavation 
construction has been investigated widely through a 
series of centrifuge models. The main objective of the 
research has been to quantify the effect of the 
structures on ground movements through a number 
of investigations summarised below: 
 
a. Effect of the weight of the structure on ground 

movements. 
 

b. Effect of the structures stiffness on the ground 
movements. 

 
c. Effect of different foundation types on the 

ground movements. 
 
d. Effect of the interface between the structure and 

the ground. 
 
It is aimed to use the data collected through the finite 
element work done as part of the MPhil degree 
together with the data from the centrifuge models 
and available field data to come to comprehensive 
conclusions that contribute in estimating the potential 
damage that may occur to structures from nearby 
excavation construction.  
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Figure 1: Schematic diagram of the centrifuge models 
used in investigating the building stiffness on excavation-
induced displacements 
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Figure 2: Package ready for testing just before loading into 
the centrifuge beam’s arm 
 



 
Figure 3: Cambridge mechanical excavator – side view 
 

 
Figure 4: Cambridge mechanical excavator – top view 
 

 
International conference on physical modelling in 
Geotechnics - Hong Kong (2006) 
 
Publications in 2006: 
 
1. Elshafie, M.Z.E.B., Choy, C.K. and Mair, R.J. 

(2006), Finite Element and Centrifuge Investigations 
of Excavation-induced Ground Movements. 
International Conference on Physical Modelling 
in Geotechnics, Hong Kong. 

 
2. Elshafie, M.Z.E.B., Mair, R.J., Soga, K. and Choy, 

C.K. (2006), Excavation-Induced Ground 
Movements behind a Single-propped Wall. 6th 
European Conference on Numerical Methods in 
Geotechnical Engineering, Graz, Austria. 

 
 
 
 
 
 



 
 
Khalid Gafar 
Churchill College 
 
Supervisor: Dr Kenichi Soga 
Year: 4th 
PhD Topic: Fundamental Study of Soil -Grout 

Interaction in Soils 
 
Grouting is considered a sustainable solution to many 
of the problems encountered in both underground 
and surface constructions. For instance, it could be 
used to improve soil strength, fill cavities, 
compensate for tunnelling-induced settlements, 
reduce the permeability as well as increase the 
bearing capacity of the soil. Nevertheless, grouting 
application is hindered in many cases by the lack of 
knowledge about actual grout behaviour in soil. 
Uncertainty of soil-grout interaction makes the 
current grouting practice highly dependent on field 
experience rather than scientific understanding. 
Issues such as suitable injection pressure, type of 
grout that causes fractures or not, the orientation 
and propagation of generated fractures and the 
amount of water that is forced out of the grout 
(termed as bleeding) still need more investigation. 
 
My research investigates the interaction between soil 
and grout in order to gain better knowledge and 
control over grout behaviour in sand. The main 
purpose of the research is to relate injection 
characteristics to grout characteristics and soil 
properties. Large-scale experimental work is in 
progress. It involves injection of cement-bentonite 
grout mixes into an 85 cm diameter tub containing 
Fraction D Leighton Buzzard silica sand under a 100 
kPa surcharge pressure. Grout properties in terms of 
constituents, mixing ratios, viscosity, self-weight and 
forced bleeding are studied. Injection characteristics 
considered in this study include injection rate, 
injection pressure, injected volume, spacing between 

injections and injection sequence. Variation in soil 
densification, which is expected to result from the 
interaction between multiple injections, is also 
investigated 
 
My third year in Cambridge has been productive. 
Seven additional injection trials were conducted 
utilising grouts of different viscosity injected under 
different injection rates. The grout mixes used were 
OPC-bentonite of water/cement ratios of 0.5, 1.0 and 
1.5 and the bentonite percentage was kept as 4% by 
weight of water. Injection rates were varied between 
0.39 lit/min and up to 3.33 lit/min. all tests were 
carried out in dense sand (R.D of 93%). Grout 
characterisation has been conducted by measuring 
the viscosity of different mixes and by investigating 
the amount of water bled under one-dimensional 
consolidation. 
 
So far, the results reflect that the increased shear 
resistance of sand under confinement has a large 
effect on injection pressure. The injection rate was 
also found to have a little effect on injection pressure 
at higher w/c ratios. In this case, bleeding happens so 
rapidly that it becomes a time-independent process 
(drainage condition has an insignificant effect).  
 
Injection trials conducted under confinement resulted 
in a more regular shape of injected grout. 
Furthermore, the change in injection rate resulted in 
a remarkable change in the shape of injected grout. 
Slower injection rates resulted in spherical grout 
bulbs; suggesting a cavity expansion process, whereas 
faster injection rates gave non-uniform shapes of 
injected grouts, with visible horizontal and vertical 
fingering. 
 
In all the tests, very small excess pore pressures 
were measured (~ 10 kPa). Hence, the injections 
were done in nearly drained conditions. In terms of 
grout efficiency (defined as heaved volume divided by 
grouted volume), increasing the injection rate 
resulted in the reduction of grout efficiency achieved 
due to the less possibility of filter cake formation, 
which increases the ability of grout to form fingers. 
Grout efficiency was also found to decrease with 
increasing w/c ratio of the grout. With larger water 
content, the grout mobility is improved and it 
spreads over larger area. 
 
Ongoing work involves investigating soil-grout 
interaction in medium-dense sand (R.D of 60%). The 
interaction between multiple grout injections and soil 
densification expected to result from it will also be 
examined. Furthermore, the method of dynamic 
grout injection, in which the injection pressure is 
intentionally oscillated, will be introduced as a means 
of controlling grout behaviour in soil. Numerical 
simulations will be carried out in order to investigate 
the effect of boundary conditions and soil properties 
on grout injection. The overall pore water pressure 
distribution will also be studied. 
 
 



Publications in 2006: 
 
1. Zhao, Y., Gafar, K., Elshafie, M.Z.E.B., Deeks, A., 

Knappett, J. and Madabhushi, S.P.G (2006); 
Calibration and Use of a New CNC Automatic Sand 
Pourer, International Conference on Physical 
Modelling in Geotechnics 2006, Hong Kong. 

 
2. Soga, K., Gafar, K., Ng, A. (2006); Macro and 

Micro-behaviour of Soil Fracturing, International 
Symposium on Geomechanics and Geotechnics 
of Particulate Media, Yamaguchi, Japan. 

 
 

 
 
Lian Liu 
St Edmund College 
 
Supervisor: Dr Kenichi Soga 
Year:  2nd 
PhD Topic: Soil permeability, pressuremeter 

test, sand model 
 
Self-Boring Pressuremeter (SBP) was invented by 
Professor Peter Wroth in this Department over 
thirty years ago. After the SBP probe drills its own 
way to a certain depth with minimum distortion to 
the surrounding soil, the membrane fixed on the SBP 
instrument will be inflated to push the soil, a series of 
soil properties can be derived from analysing the 
stress and strain curve. However, the current 
analytical solution for sand generates unacceptable 
error by idealising soil behaviour. My research will 
quantify the deficiency of the current analysis, and 
derived a closed-form solution based on the NorSand 
soil model which is a modified Cam Clay model 
describing the soil behaviour more accurately. 
 
SBP has been widely used in testing horizontal 
pressure, and the tests data can be also used to 
derive important soil properties, such as strength, 
stiffness, friction angle and dilation angle. Although 
the SBP has minimised the drilling disturbance, it has 
been recognised that the residual disturbance would 
still inevitably affect the testing results.  
 
My research will also focus on investigating 
disturbance mechanism using the newly-developed 
Pore Pressure Machine (PPM), and then minimise the 

disturbance effects whilst the in-situ test is 
proceeding. 
 
One obvious disturbance is overdrilling which means 
the borehole is slightly larger than the diameter of 
the instrument. The soil at the cavity wall actually 
contracts inwards first since there is a gap between 
the instrument and soil, and then is expanded by the 
inflating membrane. I am currently trying to derive a 
mathematical solution to analyse the soil properties 
based on the overdrilled test. Other disturbances, 
including eccentric rotation and inclination of the 
instrument and smearing effects will be assessed by 
further PPM tests. 
 
The self-boring pressuremeter can be re-equipped as 
a self-boring permeameter with mild alterations. This 
instrument has been used in practice for testing soil 
permeability. However, by adopting a traditional 
procedure and method during test, some strange and 
unrealistic results turn up. Hence, my work will 
continue previous work to improve the permeability 
test technique in order to make the testing more 
reliable. 
 
 

 
 
Alec Marshall 
Jesus College 
 
Supervisor: Professor Robert Mair 
Year:  2nd 
PhD Topic: Effect of Tunnelling on Buried 

Structures 
 
My first year at Cambridge was very busy and 
productive.  I have enjoyed not only the research side 



of life here at the Schofield Centre, but also the social 
component, most notably the Group’s efforts to 
defeat our Southampton rivals in the semi-annual 
Geotechnical Group cricket match. 
 
The focus of my research in 2006 was to elucidate 
the true soil-structure interaction mechanisms that 
are responsible for structure behaviour when an 
existing buried pipeline is undermined by tunnel 
construction.  This was achieved using the beam 
centrifuge and a test package designed such that 
pipeline and soil deformations could be captured 
directly using digital cameras and analysed using the 
GeoPIV analysis process. 
 
I worked hard to get a centrifuge package designed 
and built in order to complete a test before the 
scheduled centrifuge refurbishment in March.  The 
test was successful and provided me with useful 
preliminary data and several ideas on how to improve 
the testing technique.  I have since acquired new 
higher resolution digital cameras that provide better 
precision for soil and structure displacement 
measurements and have redesigned my model tunnel 
so that it replicates more realistically the 
deformations that occur around shallow tunnel 
construction, as well as measures the internal tunnel 
deformations.   
 
I also had the pleasure of working with Dr Assaf Klar 
of the Technion – Israel Institute of Technology.  This 
research concentrated on a numerical representation 
of jointed pipelines affected by tunnel construction 
and illustrated their behaviour as it compares to 
continuous pipelines.  This culminated in a paper 
which was submitted for publication to the Canadian 
Geotechnical Journal in September. 
 
My research goals for 2007 include continued testing 
with my centrifuge package to cover a wider array of 
material and geometrical parameters, as well as 
collaborating with Dr Thusyanthan to develop a new 
laboratory experiment which will provide stress-
strain data for the Fraction E silica sand that is 
commonly used for testing here at the Schofield 
Centre. 
 



 
 
Hisham Mohamad 
Churchill College 
 
Supervisor: Dr Kenichi Soga 
Year: 3rd 
PhD Topic: Monitoring and analysis of 

geotechnical activities using fibre optics strain 
measurement 

 
The fibre optic strain sensor that I am currently 
working on is called Brillouin Optical Time Domain 
Reflectometry (BOTDR), a distributed optical fibre 
strain sensor whose operation is based on Brillouin 
scattering light. The BOTDR equipment, made 
available from commercial-off-the-shelf parts, can 
measure strains in a standard telecommunication 
optical fibre continuously over 10 km with accuracy 
down to 30µε. There are many instances where 
distributed strain sensors are preferred to the 
conventional short based-length sensors (e.g. 
vibrator-wire-strain-gauges and electrical strain 
gauges). In piled foundations, measuring strain 
distribution across the full length of a pile enables one 
to evaluate the performance of the pile better since it 
is easier to obtain the axial loads and/or bending 
moments of the pile directly rather than 
interpolation/extrapolating of data among densely 
installed point sensors. 
 
Several field trials of fibre optic instrumentation on 
piled foundations were conducted in London and 
were found in good agreement with other 
independent measurements. These include long term 
monitoring of an axially loaded pile at Bankside, 
located near Tate Modern and monitoring flexural 
behaviour of a diaphragm wall in London SW1. 
Another field trial in collaboration with Cementation 
Foundation Skanska was conducted at Beckton, 
London E6 to measure the performance of newly 
designed Displacement Cast In-Situ piles from a 
series of load tests. Tensile strain of the anchor piles 
from the load tests were also measured by linking the 
optical fibres installed in test piles to the anchor piles. 
 
The main highlight of 2006 is the application of 
BOTDR in monitoring tunnel deformation due to 
close-proximity bored tunnelling on a new Circle 
Line subway in Singapore in association with Land 

Transport Authority of Singapore. Twin circular 
bored tunnels were constructed at a minimum clear 
separation of less than half diameter of the tunnel 
due to limited space in the underground. The optical 
fibres were installed in the outer-bound tunnel where 
the first of twin tunnels was constructed and then 
measure the deformation of tunnel linings when the 
inner-bound tunnel constructed next to it. Further 
data analysis and interpretation are being undertaken 
to help understanding the lining deformation from the 
close-proximity tunnelling. 
 
Publication in 2006 
 
1. Bennett, P.J., Klar, A., Vorster, T.E.B., Choy, 

C.K., Mohamad, H., Soga, K., Mair, R.J., Tester, 
P.D., and Fernie, R. (2006); Distributed Optical 
Fibre Strain Sensing in Piles; Reuse of Foundations 
for Urban Sites: Proceedings of the International 
Conference, Watford, UK 

 

Figure 1: Joining two ends of optical fibre using a fusion 
arc splicer in a tight spaced tunnel of Circle Line, 
Singapore  
 

 
Figure 2: Operators of the earth-pressure balance tunnel 
boring machine assembling the segmental linings of the 
Circle Line, Singapore 



 
 
Man Yin Albert Ng 
Churchill College 
 
Supervisor: Kenichi Soga 
Year: 3rd 
PhD Topic: Principles of fracturing in 

geomaterials 
 
I am now in the third year of my PhD research, 
investigating the principles of fracturing in 
geomaterials, which is funded by Cambridge 
Overseas Trust, EPSRC, Research Grants Council of 
Hong Kong, and Research Consortium for Methane 
Hydrate Resources in Japan (MH21 Research 
Consortium).  
 
The hollow cylinder fracturing tests of cement 
bentonite to investigate the effect of different factors 
such as confining pressure, stress anisotropy and fluid 
injection rate were finished and convincing results 
were obtained. Numerical model using finite 
difference code FLAC has been developed to 
simulate the coupled deformation-flow mechanism in 
fracturing. Evaluation of numerical code has been 
done in different aspects like permeability, tensile 
strength, fracture toughness, etc.   
 
I had three academic trips over the last year. I joined 
the International Conference on Physical Modelling in 
Geotechnics in Hong Kong and the 5th International 
Workshop on Methane Hydrate Research and 
Development in Edinburgh. I also had a visit to the 
AIST (Hokkaido), Japan in August.  
 
I am currently working on two papers, which 
concern coupled-deformation flow analysis for 
methane hydrate wells (with Dr Assaf Klar and Dr 
Kenichi Soga), and properties of cement bentonite 
wall (with Dr Kenichi Soga and Kaushal Joshi).  
 
Future work will include the completion of the 
hollow cylinder fracturing test of kaolin with seepage 
under different stress conditions and fluid injection 
rates. Numerical models simulating the fracturing 
process will be improved to account for different 
flow boundary conditions and constitutive models. 
The model will then be used to simulate the 
fracturing experiments and further extended to look 

at the enhancement of methane hydrate production 
treated by fracturing. 
 
Publications in 2006: 
 
1. Ng, M.Y.A, Klar, A., Soga, K., Takagi, K. and 

Okawa, K. (2006). Physical and numerical modelling 
of horizontal gas-hydrate wells. International 
Conference on Physical Modelling in 
Geotechnics, Hong Kong.  

 
2. Soga, K., Gafar, K.O., Ng, M.Y.A. and Au, S.K.A. 

(2006) Macro and micro behaviour of soil fracturing. 
International symposium on geomechanics and 
geotechnics of particulate media, Yamaguchi, 
Japan. 

 
3. Soga, K, Lee, S.L., Ng, M.Y.A. and Klar, A. (2006). 

Characterisation and engineering properties of 
methane hydrate soils. Characterisation and 
Engineering Properties of Natural Soils - Tan, 
Phoon, Hight and Lerouil (eds). Taylor & Francis 
Group. Vol. 4, pp 2591-2642 

 

 
Visit to the AIST, Japan 
 
 



 
 
James H T Ransley 
 
Research Associate 
 
I am a Cambridge Physics graduate with a PhD from 
the Materials Science Department on high 
temperature superconductors. On completing my 
PhD I decided to move into more applied work, 
developing microelectromechanical systems – 
working initially with Dr Seshia on developing 
micromechanical biosensors (see publications below). 
From October 2006 I began working on a joint 
project with Dr Soga on developing MEMs strain 
sensors and power harvesting systems suitable for 
use in the underground rail systems. 
 
As civil infrastructure ages it becomes increasingly 
important to monitor its performance. There has 
recently been significant interest in wireless sensor 
networks for monitoring civil structures, as a result 
of the low cost of installation and maintenance that 
such networks achieve. Such networks require 
reliable and preferably perpetual power sources, as 
well as reliable sensors that do not drift over long 
periods of time. My project aims to develop both 
power harvesting devices and sensors for wireless 
sensor networks to be deployed in underground 
tunnels. 
 
At present most wireless sensor networks are 
limited by the battery life network nodes or motes, 
although there is significant interest in power 
harvesting devices which are able to produce 
electrical power by extracting work from the ambient 
environment. The solar cell is the most successful 
power harvesting device, but there has recently been 
significant interest in the use of devices which 
convert mechanical vibrations into electrical energy, 
which are able to operate in environments where the 
sun cannot be relied upon for power. Our aim is to 
develop energy harvesting devices that convert 
mechanical vibrations into electrical power which will 
produce a reliable and perpetual source of power. In 
the first few months of the project we have 
developed a novel mechanism for a magnetic 

electromechanical power harvester, and this will be 
prototyped in early 2007. 
 
The development of a reliable, low power strain 
sensors that are able to measure strains accurately 
and consistently over periods of several years is also 
an important concern for this area. The second part 
of my project is to develop a vibrating wire strain 
gauge on a chip – using MEMs technology. The 
vibrating wire is replaced by a pair of silicon beams in 
a double ended tuning fork configuration. These 
beams are driven at resonance by the force between 
the two faces of a parallel plate capacitor. By putting 
the resonator into the feedback loop of a suitably 
designed amplifier the devices can be designed to self-
oscillate thus producing a low power and extremely 
small vibrating wire strain gauge. Such devices have 
already been demonstrated in air by the 
micromechanics group at Berkeley and we aim to 
produce vacuum packaged devices that measure 
strain in two directions, in partnership with the 
Tronics foundry. These devices have already been 
designed and are currently being fabricated. 
Additionally some existing devices fabricated on a 
previous project are in the process of being tested – 
an image of one of these devices is shown below.  
 
The financial support of the European Science 
Foundation which enables me to pursue this research 
is greatly appreciated. 
 
Publications in 2006: 
 
1. J.H.T. Ransley, M. Watari, D. Sukumaran, R.A. 

McKendry, A.A. Seshia,  SU8 bio-chemical sensor 
microarrays, Microelectronic Engineering 83, 
1621-1625 (2006) 

 
2. J. H. T. Ransley and A. Seshia, Depleted Layer-

Transducer, United Kingdom Patent Application 
No. 0612754.2 (27 June 2006) 

 

 
Figure 1: Micromechanical resonant strain gauge, shown 
in the scanning electron microscope 
 
 



 
 
Shun Uchida 
Churchill College 
 
Supervisor: Kenichi Soga 
Year: 1st 
MPhil Topic: Numerical investigation of fracture 

preventions in wellbores 
 
After finishing my undergraduate studies at Waseda 
University in Japan, I started my MPhil course at the 
University of Cambridge in October 2006. My 
research, funded by Schlumberger Ltd., is a numerical 
investigation of fracture preventions in wellbores. 
 
At present, in order to prevent a wellbore from 
fracturing, casings are utilised as common practice. 
As a wellbore is drilled deeper, sequential casings are 
required and it often leads to a smaller diameter of 
borehall, which is a drawback for oil/gas production. 
For the purpose of improving productivity and 
efficiency, a new method of preventing soil fracturing 
is highly desirable. 
 
In this research, two new technologies to prevent 
soil fracturing are proposed; one involves plugging 
mud cake into fractured cracks and the other 
provides a thin lining inside a wellbore. Both 
techniques work by separating the fluid inside the 
crack from the fluid inside the wellbore, so that the 
increase in fluid pressure inside the wellbore will not 
directly cause pressure increase in the crack. 
Therefore, the cracks are less likely to extend further 
into the soil. These new technologies will reduce 
cost, time and risk and improve productivity and 
efficiency. 
 
This research investigates the mechanisms of these 
two technologies using a coupled fluid flow 
geomaterial deformation code that has been 
developed at Cambridge University. The code is a 
subroutine of the finite difference programme FLAC 
by Itasca. In this study, parametric study is conducted 
to find the optimal conditions for the mud plugging 
and the wellbore lining. For the mud plugging case, 
mud cake inside the crack is simulated and the 
material properties such as shear/tensile strength 
required to prevent fracturing is found with different 
soil properties. For the lining case, effects of material 

properties including Young’s modulus, tensile 
strength and also its thickness to fracture 
initiation/propagation are examined. In each 
condition, the maximum fluid pressure that can be 
applied without fracturing the surrounded soil is 
evaluated. The ultimate objective of this research is 
to develop design criteria for these two technologies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The Geotechnical Group goes ten pin bowling



2006 Geotechnical Seminars 
 
Lent Term 2006 
 
Performance based foundation design in Japan 
Dr Fuminao Okumura, Railway Technical Research 
Institute, Tokyo, Japan 
 
Densification as a liquefaction resistance measure for 
bridge foundations 
Paulo Coelho (CUED) 
 
EEFIT Mission to the Indian Ocean Tsunami - 
Synopsis 
Dr Tiziana Rossetto, University College London 
 
EEFIT mission following October 8, 2005 Kashmir 
Earthquake 
Dr Navin Peiris, Arup, London  
 
Particulate pastes- bog or motherlode 
Dr Ian Wilson, Chemical Engineering, Department, 
University of Cambridge 
 
Finite Element Analyses of Soil-pipeline Interaction 
Piau Cheong  (CUED) 
 
The interaction of earthquake dip-slip faults with 
infrastructure 
Dr Fraser Bransby, University of Dundee 
 
Easter Term 2006 
 
Soil-structure interaction under Extreme Loading 
conditions 
Professor T D O'Rourke (Cornell University)  
 
Accounting for axial load on the behaviour of piled 
foundations in earthquakes 
Jonathan Knappett  (CUED) 
 
Measurements of soil stiffness in predicting pile 
performance 
Yueyang Zhao  (CUED) 
 
Stabilisation/solidification and pelletisation of 
petroleum drill cuttings" 
Marwa Al-Ansary (CUED)  
 
Site characterisation and foundation design in 
offshore deepwater" 
Professor Mark Randolph (Centre for Offshore Foundation 
Systems, UWA) 
 
Reliability of axial pile design methods 
James Schneider (Centre for Offshore Foundation 
Systems,  UWA) 
 
Michaelmas Term 2006 
 
Jet Grouting Processes 
Heng Ji (CUED) 
 

Sand-particle crushing: Simulations and statistics 
George Marketos (CUED) 
 
Fast Granular Flows 
Professor Herbert Huppert, Institute of Theoretical 
Geophysics, Dept. of Applied Mathematics & Theoretical 
Physics,  University of Cambridge,  Centre for 
Mathematical Sciences 
 
The potential of composts for the remediation of 
metal contaminated soils 
Dr René van Herwijnen (CUED) 
 
Rate effects on penetrometer resistance in kaolin 
Professor Barry Lehane, University of Western Australia 
 
Hurricane Katrina and the hurricane protection 
system (HPS) 
Professor Tom O’Rourke, School of Civil and 
Environmental Engineering, Cornell University 
 
Fundamental Study of Grouting in Sand 
Khalid Gafar (CUED) 
 
Pile Base resistance in layered soils 
Dr Xiangtao Xu, University of Western Australia 
 
 
 



2006 Visitors 
 
 
Dr Susie Gourvenec 
Centre for Offshore Foundation Systems, University of Western Australia, Perth 
 
Mr Chikara Hirai 
Railway Technical Research Institute, Japan 
 
Professor Noriyuki Horichi 
Professor of Kokushikan University 
 
Dr Toru Inui 
Kyoto University, Japan 
 
Professor Barry Lehane 
Centre for Offshore Foundation Systems, University of Western Australia, Perth 
 
Alice Meloni 
University of Cagliari in Sardinia, Italy 
 
Dr Fuminao Okumura 
Deputy Director, Planning Division, Railway Technical Research Institute, Japan 
 
Professor Tom O’Rourke 
Cornell University 
 
James Schneider 
Centre for Offshore Foundation Systems, University of Western Australia, Perth 
 
Ms Kar Lu Teh 
Faculty of Engineering, National University of Singapore 
 
Professor Taro Uchimura 
Associate Professor, Department of Civil Engineering, University of Tokyo 
 
Ms Xiangtao Xu 
Centre for Offshore Foundation Systems, University of Western Australia, Perth 
 



Leavers in 2006 
 

 
Dr Xavier Borghi 
PhD Title: Lubrication and soil conditioning in 

pipejacking and tunnelling 
To:  Pöyry Infra AG, Zürich, Switzerland 
 

 
Dr Tzi Piau Cheong 
PhD Title: Numerical Modelling of Soil-Pipeline 
Interaction 
To:  Atkins Geotechnics, Epsom 
 

 
Dr H Yen Chua 
PhD Title: Horizontal arching of earth pressures 

on retaining structures 
To:  Visage Holdings Sdn Bhd, Kuala Lumpur 
 

 
Dr Barnali Ghosh 
To:  Arup Geotechnics, London 

 

 
Dr Michael Harbottle 
To:  Lectureship at Cardiff University 
 

 
Dr Francisco Hernandez-Martinez 
PhD Title: Ground Improvement of Organic Soils 

Using Wet Deep Soil Mixing 
To:  Norwegian Geotechnical Institute, Norway 
 

 
Dr Jonathan Knappett 
PhD Title: Piled Foundations in Liquefiable Soils: 
accounting for axial loads  
To:  Lectureship at Dundee University 
 

 
Dr Yow Loong Kok 
PhD Title: Investigating the mechanical behaviour 

of two residual soils from Malaysia 
 



 
Dr Helen Mitrani 
PhD Title: Liquefaction Remediation Techniques 

for Existing Buildings 
To:  Arup Geotechnics, London 
 

 
Dr Ashraf Osman 
To:  Lectureship at Durham University 
 

 
Dr Dimitrios Selemetas 
PhD Title: The response of full-scale piles and 

piled structures to tunnelling 
To:  Mott MacDonald, Croydon 
 

 
Dr Luc Vandeperre 
To:  Lectureship at Imperial College, London 
 

 
Dr René van Herwijnen 
To:  Research Assistant, University of Surrey 
 

 
Dr Jarungwit Wongsaroj (Ming) 
PhD Title: Three-dimensional finite element 

analysis of short and long-term ground response to 
open face tunnelling in stiff clay 

To:  Geotechnical Consulting Group, London 
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Contact addresses: 
 
Department of Engineering 
University of Cambridge 
Trumpington Street 
Cambridge 
CB2 1PZ 
United Kingdom 
 
Schofield Centre 
Department of Engineering 
University of Cambridge 
High Cross Site 
Madingley Road 
Cambridge 
CB3 0EL 
United Kingdom 
 
Research Group Administrator 
Amanda Pyatt 
Telephone 01223 332717 
 
Administrator to Prof. R.J. Mair 
Zelda Stuck 
Telephone 01223 332653 
 
Administrator to Prof. M.D. Bolton and 
Manager of the Schofield Centre 
Anama Lowday 
Telephone 01223 742365 
 
To obtain further copies of the year book 
contact Anama Lowday 
al326@eng.cam.ac.uk 
 
Visit our website: 
http://www-civ.eng.cam.ac.uk/geotech.htm 




