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The Geotechnical and Environmental Research 
Group is home to  7 academic staff, 8 technicians, 1 
computer officer and 3 administrative staff and 41 
graduate students engaged in research covering the 
whole spectrum of geotechnical and environmental 
engineering. Since its formation more than 50 years 
ago, the group has produced over 165 PhDs. 
 
The current interests of the group are wide, 
encompassing construction processes, infrastructure, 
environmental engineering, earthquakes, and the 
fundamental mechanics of soils. The group has 
extensive facilities for laboratory testing, centrifuge 
modelling, and numerical analysis. 
 
We operate both in the main Engineering 
Department building, where we have the 
Geotechnical Research Office and the Geotechnical 
and Geoevironmental 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, and by 
October 2004 was fully occupied by 39 staff and 
research students. 
 
This new facility has provided us with enhanced space 
and research equipment, allowing existing research 
areas to expand and new opportunities to be 
developed. These enlarged experimental facilities 
currently host research collaborations with Thames 
Water, Technip-Coflexip, Giken Seisakusho, Kajima, 
Nishimatsu, Boreas, Total, KFC, May Gurney, 
Crossrail, RLE and Skanska. 
 
In parallel to 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. This work forms part of the 
Cambridge-MIT initiative. 
 
Meanwhile, during the period of the JIF funding, the 
number of post-doctoral research workers in the 
Geotechnical Group has increased from 4 to 12, and 
the number of graduate students in residence rose 
from about 20 to 41. 
 
During 2004 a total of 6 PhDs and 3 MPhils were 
successfully examined, and we hosted 6 international 
academic visitors. More than 60 articles were 
published by the group in 2004, and we were 
awarded more than £0.5 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. 
 
The purpose of this yearbook is to summarise the 
activity of the Geotechnical Group. Each researcher 
has written a short article about their recent 
research. 
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Malcolm D Bolton 
Churchill College 
 
Professor of Soil Mechanics 
Director of the Schofield Centre 
 
By the end of 2004 the Schofield Centre was busier 
than ever, accommodating 29 research workers, six 
technicians and three academic staff, brought 
together into a coherent and sociable community 
through the efforts of our manager, Anama Lowday.  
We have been working on 10 projects using the 
Turner Beam Centrifuge, one on the Schofield Mini-
drum centrifuge, and another 10 on the laboratory 
floor or the bench, including projects to develop 
fibre-optic monitoring technology prior to its being 
deployed in the field. As ever, these projects have 
depended on experimental rigs and devices brought 
into being by Chris Collison, John Chandler, Chris 
McGinnie, Kristian Pether, Tom Johnston and Frank 
Sixsmith. New facilities include the robot sand-
pourer designed by Neil Houghton, and the new style 
of plane strain centrifuge container designed by Keith 
Wilkinson.  
 

In my research group, there have been beam 
centrifuge studies by Yen Chua of the horizontal 
arching which can modify the classical earth pressure 
distribution on basement walls in favour of flexible 
panels that are narrow but deep, on which earth 
pressures may be negligible. Centrifuge model studies 
by Yueyang Zhao continue to explore the behaviour 
of bored and jacked piles in sand, and Marcelo Silva 
has been carrying out centrifuge piezocone tests at 
various speeds in silts to study the influence of 
drainage on cone penetration or pile driving 
resistance. 
 
Tests by Johnny Cheuk and Masoud Bonab of pipeline 
sections on mud have been carried out both in the 
mini-drum centrifuge, and in a new range of pilot-
scale tanks with a dual-axis actuator, to study the 
pipeline-soil interaction mechanisms relevant to the 
fatigue and failure of buckling deep-water oil 
pipelines, and of steel catenary risers at touchdown. 
Finally, centrifuge tests being planned by Ricky Lee 
will aim to observe the triggering of fast debris flows 
in silty sand slopes due to the pressure of water 
accumulating in buried drainage features. 
 
In all these cases, a proper emphasis is placed on 
creating simplified mechanical models against which 
the data of interest can be inspected within a proper 
framework of robust dimensionless groups. Not only 
are such mechanisms capable of scientific verification, 
they also serve as the best guide to engineering 
decision-making. The usefulness of having simple 
mechanisms to describe small ground deformations 
(not only failure mechanisms) has also been the key 
message coming out of the finite element modelling 
and case studies back-analysed by Ashraf Osman.  
 
Ignorance of the physical origins of soil behaviour 
often obstructs the formation of simple mechanisms 
for design, however. Two examples are soil grain 
crushability, and creep. Helen Cheng has been able to 
use DEM to propose that Cam Clay yield surfaces 
should be seen as contours of breakage, so that 
crushing - which might have been regarded as rather 
a secondary behavioural mechanism – should be 
regarded as fundamental to soil plasticity and critical 
states. George Marketos is now taking the DEM 
study further by observing that crushing compaction 
can be an unstable mechanism, propagating on the 
plane of major principal compression to create 
compaction bands in sands and sandstones. These are 
of concern in oil reservoirs when they block flow, or 
if they promote well-bore instability when the fine 
fragments are eroded away. Finally, Fiona Kwok is 
proposing to use DEM in an attempt to correlate the 
various creep and rate effects seen in soil tests on 
sands and clays. 



 
 
Abir Al-Tabbaa 
Sidney Sussex College 
 
Senior Lecturer 
 
Dr Abir Al-Tabbaa leads a research group consisting 
of three post-doctoral research associates and nine 
PhD students. Her current areas of research are 
sustainable remediation of brownfield sites, waste 
minimisation and reuse, stabilisation/solidification 
treatment of hazardous waste and contaminated land 
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 she 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 collaboration with six other research 
organisations namely Sheffield University (Lead 
Institution), Reading University, Forest Research, 
College of Estate Management, Surrey University and 
BRE. The aim of the consortium is to provide an 
integrated science/ engineering and social science 
approach to the problem. The consortium has over 
20 industrial collaborators including May Gurney, 
CIRIA, Environment Agency, CL:AIRE, Forestry 
Commission and English Partnership. The consortium 
consists of 11 work packages on which twelve 
researchers are employed. Dr Al-Tabbaa 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 is currently 
looking at improving the sustainability of 
stabilisation/solidification by combining it with 
bioremediation. One of the means by which this is 
being addressed is in the development of a suitable 
low pH cement. Further details are on 
www.subrim.org.uk. The project is now in its second 
year. 

In waste minimisation and re-use Dr Al-Tabbaa is 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) electronic. 
Mini-Waste activities include strategic research, 
training, consultancy, project management, 
dissemination, exploitation, technology and 
knowledge translation. Mini-Waste now has over 160 
industrial members. Dr Al-Tabbaa is 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, 
6 annual Industrial CASE students and other related 
research initiatives. She is also the principal 
investigator of a £266k EPSRC 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. Further details 
on Mini-Waste can be found at www.mini-waste.com.  
 
The recent emergence of MgO cements such as the 
much-publicised ‘Eco-cement’ provides a unique 
opportunity to develop durable high quality novel 
cement-based construction products that incorporate 
a large proportion of waste materials. MgO cement 
uses ‘reactive’ magnesia that is manufactured at much 
lower temperatures than Portland cement, contains a 
large proportion of by-product pozzolans, is more 
recyclable than Portland cement and is expected to 
provide an improved durability and to have a high 
propensity for binding with waste materials. 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 that 
contain large quantities of waste yet have either 
comparable or even improved durability and/or 
reduced leachability when compared to PC-based 
products. The project started in October. 
 
The stabilisation/solidification treatment and 
remediation network (STARNET) is in its third and 
final year. Dr Al-Tabbaa is 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 is to provide a forum for discussion and 



collaboration between academic, industry and 
regulators to take the technology forward. The 
Network activities include state of practice reports 
and a newsletter. A workshop was hosted in July 
2002 at which research priorities were established. 
Preparations are underway for hosting the 
International Conference on Stabilisation 
/Solidification Treatment and Remediation – 
Advances in S/S for Waste and Contaminated Land to 
take place on 12-13 April 2005 at Cambridge 
University. The conference proceedings are being 
published by Balkema. More details can be found on 
www-starnet.eng.cam.ac.uk. A book chapter has been 
published, see publication list below. 
 
Other major research initiatives carried out in 2004 
were 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 address 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 and will include a site 
trial in 2005. 
 
Publications in 2004 
 
1. Ramesh, A.S.R. and Al-Tabbaa, A., (2004). The 

influence of carbonation on the behaviour of the 
cement-based materials used in contaminated land 
remediation. Proceedings of the 4th BGA 
Geoenvironmental Engineering conference: 
Integrated management of Groundwater and 
Contaminated Land, June, Stratford-upon-Avon, 
UK, Thomas Telford, pp. 560-567. 

 
2. Perera, A.S.R. and Al-Tabbaa, A. (2004). The 

influence of different curing environments on the 
behaviour of cement-based grouts used in 
contaminated soil treatment. Proceedings of the Geo-
Institute Conference on Geotechnical Engineering 
for Transportation Infrastructure, Los Angeles, July, 
American Society of Civil Engineers, USA, Vol. 2, 
pp 1412-1420. 

 
3. Hernandez-Martinez, F.G. and Al-Tabbaa, A. 

(2004). Laboratory strength correlation for cement-
treated peat. Proceedings of the Geo-Institute 
Conference on Geotechnical Engineering for 
Transportation Infrastructure, Los Angeles, July, 
American Society of Civil Engineers, USA, Vol. 2, 
pp 1403-1411. 

 
4. Al-Ansary, M.S. and Al-Tabbaa, A. (2004). 

Stabilisation/solidification of synthetic North Sea drill 
cuttings containing oil and chloride. Proceedings of the 
International RILEM Conference on the Use of 
Recycled Materials in Building and Structures, 
Barcelona, November, Vol. 2, pp. 833-842. 

 
5. van Herwijnen, R., Ouki, S., Moffat, A.J., Al-Tabbaa, 

A., Hutchings, T. and Johns, M. L. (2004).  Novel 
special-purpose composts for the sustainable 
remediation of Brownfield sites – Overview. 
Proceedings of the SEESOIL Conference: Soils and 
the Urban Environment, Kingston University, UK, 
December. 

 
6. Perera, A.S.R., Al-Tabbaa, A. Reid, M.J., Stegemann, 

J.A. and Chi, C. (2004). Testing and Performance 
Criteria for Stabilised/Solidified Waste Forms. Book 
Chapter 11 in ‘Stabilization and Solidification of 
Hazardous, Radioactive and Mixed Wastes’ (edited 
by R. Spence and C. Shi), CRC Press, ISBN 
1566704448, pp 481-525.  

 
 

 
 

Professor Robert Mair presenting the Philip Turner prize 
to the 2004 winner, Thushy Thusyanthan. 



 
 

 
 
Rod Lynch 
 
Senior Technical Officer in Environmental 
Geotechnics 
 
Current research projects are: 
 
In situ clean-up of groundwater by 
photocatalysis (with May Chan, and Chemistry 
Department) 
MTBE is a petroleum additive which was used as a 
replacement for lead additives in some motor fuels.  
It improves combustion but is very water soluble and 
a tiny quantity renders groundwater undrinkable. 
Photocatalysis is capable of destroying it.  
Photocatalysis is the incidence of light on a 
semiconductor catalyst, and this can decompose 
organic pollutants such as MTBE to mainly CO2 and 
water. There is also a possibility of using solar energy 
for this. In the Chemistry Department they are 
researching improved catalysts for this application.  In 
this department we have constructed a full scale 
underground reactor which locates in a borehole, 
and this is currently being tested in Ontario, Canada, 
by Waterloo University Earth Sciences Deptartment. 
 
Other team members: May Chan, and in Chemistry 
Department: Prof Richard Lambert, and Alex Orlov. 
The Waterloo University team members who are 
doing the field trial are: Prof Jim Barker, Claudia 
Naas, and Dave Hope. This work was previously 
supported by EPSRC and the field trial is now 
supported by The Energy Institute. 
 
This work was the topic of an ICE/EPSRC  research 
showcase presentation:  In–Situ Clean-Up of 
Organics Contamination in Groundwater by 
Photocatalysis,   EPSRC/ICE Research Showcase on 
Contaminated Land Remediation, Institution of Civil 
Engineers, London, January 2004. 

 
Remediation and containment of 
contaminated land by electrokinetic fields 
Electrokinetics is a treatment where ionic pollutants 
are mobilised by the application of an electric field. 
Usually this is used as a clean-up process.  In this 
work we are using it for containment. In a 
collaboration with the University of Cagliari, Sardinia, 
we are using electric fields to contain the spread of 
heavy metal pollutants under the influence of a local 
hydraulic gradient. In 2003/4,  4th yr student Katie 
Winfield tested the fence in a small soil tank and 
found that heavy metals were contained even with a 
significant hydraulic gradient.  Similar studies with 
local Sardinian soils in a 1-dimensional experiment 
also gave positive results at the University of Cagliari.  
This year, Marion Nowicki, an MPhil student from 
Prof Amaratunga’s solar energy group developed a 
solar energy supply and circuit; the system was tested 
during December, when power only flows 
periodically during the day.  Nevertheless the electric 
field was observed to retard the movement of 
copper contamination which was driven by the large 
hydraulic gradient. Collaborators at Cagliari 
University: Prof Aldo Muntoni and Romano Ruggeri.  
 
Devices for the in situ detection and 
monitoring of pollutants. (jointly with Prof S 
Sasaki, Wakayama College of Technology) 
Movement of a copper pollutant through Japanese 
residual soils has been measured with simple fibre-
optic probes, which give a real time analysis of 
copper concentration. The results were published in 
a Japanese journal: Soils and Foundations, in February 
2005. 
   
An investigation into a possible avalanche 
detector (4th Year student Angela Laycock, and 
collaboration with Dr C Dalton, Cambridge In-situ). 
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. Snow has been 
synthesised and experiments have been carried out in 
the cold room at the Scott Polar Res. Inst. Cold 
room, and also in Norway. 
 
Publications in 2004: 
 
1. M. Chan, S. Rolt, R. Lynch, A. Orlov and R. 

Lambert, In Situ Clean-Up of Organics Contamination 
in Groundwater by Photocatalysis, EPSRC/ICE Research 
Showcase on Contaminated Land Remediation, 
Institution of Civil Engineers, London, January 2004. 

 
2. Orlov, A., Chan, M. S. M., Jefferson, D. A., Zhou, 

D., Lynch, R. and Lambert, R. M. (2005) 
Nanotechnology and Environmental Engineering: 
Photocatalytic Degradation of 4-Chlorophenol and 
MTBE on TiO2 Modified with Noble Metal 
Nanoparticles. Submitted to Journal of 
Environmental Engineering, American Society of 
Civil Engineers (ASCE). 

 



3. Chan, M. S. M., Rolt, S., Lynch, R. J., Orlov, A. and 
Lambert, R. (2004) In-Situ Clean-Up of Organics in 
Groundwater by Photocatalysis. Engineering and 
Physical Sciences Research Council (EPSRC) and 
Institution of Civil Engineers (ICE) Research 
Showcase, London, United Kingdom. March 2004. 

 
4. Lynch, R. J., Chan, M. S. M., Orlov, A. and Lambert, 

R. (2004) In-Situ Groundwater Clean-Up of MTBE by 
Photocatalysis. GQ2004 Groundwater Quality 4th 
International Conference, Waterloo, Ontario, 
Canada. 

 
5. S Sasaki and R Lynch (2005), Measurement of copper 

solution transport in a sand column by means of a  
fibre-optic sensor, and analysis of the breakthrough 
curve; Soils and Foundations,  45, 27-36. 

 
6. Chan, M. S. M., Orlov, A., Lynch, R. J. and Lambert, 

R. (2005) In-Situ Groundwater Clean-Up of MTBE by 
Photocatalysis. To be published in Hydrological 
Sciences Journal. 

 
 

 
 
Gopal Madabhushi 
Girton College 
 
Senior Lecturer 
Assistant Director of The Schofield Centre 
 
Dr Gopal Madabhushi leads a research group on 
geotechnical earthquake engineering consisting of 
two post-doctoral research associates/fellows and 
four research students. Dr Madabhushi 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 has 
published about 150 papers in Journals and 
International Conferences, a list of which can be 
viewed at 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 that 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. 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. Such an 
earthquake actuator will further establish Cambridge 
as a unique place in Europe to carry out Geotechnical 
Earthquake Engineering research. Plans are also being 
made to link our centre to the NEES grid in the USA 
that links all the laboratories that carryout 
earthquake engineering simulations.  
 
Supported by Shimizu Corporation, many boundary 
value problems have been studied ranging from 
liquefaction induced lateral flow past piles 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. 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 
sheet pile walls, dynamic SSI problems with heavy 
foundations. 
 
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 in-
situ densification as a liquefaction mitigation measure 
at bridge foundations in a £170k project supported 
by EPSRC and Mott MacDonald. Similarly the 
efficiency of field drains in dissipating the excess pore 
water pressures generated during liquefaction was 
investigated. In this strand of research, Dr 
Madabhushi is taking a key role in a €4.5 million EU 
project NEMISREF that looks at novel strategies to 
mitigate seismic risk of foundations of existing 
buildings. This project involves several European 
partners that include from 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.  
 
A new area of research that has evolved over the last 
five years is the seismic behaviour of waste 
containment structures. The work in this area has 
been supported by Santa Clara University, California 
and has led to a research proposal to NSF, USA. 
Exciting new data on the 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 provide insight into 
the strain level required to observe cracking of 
landfill liners. Collaborative plans are being developed 
with Loughborough University and Dundee 
University to carryout research into the mechanical 
behaviour of landfill liners. 
 
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 will presented shortly at a 
Biomineralisation workshop organised by CURE 
(http:///www.cure.group.cam.ac.uk/BioM/) and new 
links are being sought to further advance this 
research. 
 
 

 
 
Kenichi Soga 
Churchill College 
 
Reader in Geomechanics 2003 
 
Year 2004 was the tenth year of my work at 
Cambridge. None of my PhD students graduated, but 
John Page, Indu Kulasooriya and Ming Wongsoraj are 
in the final stage of thesis writing. Dr Peter Bennett 
joined in January as a post-doctoral research 
associate to work on fibre optics monitoring. Khalid 
Gafar completed his MPhil in August and is now 
continuing his research for a PhD. Dr Cedric 

Kechavarzi, who was a post-doctoral research 
associate, became an academic member of Cranfield 
University in September. Three PhD students joined 
the research group. They are Albert Ng from Hong 
Kong, Hisham Mohamad from Malaysia and Panos 
Nikopoulos from Greece. Professor David Zheng of 
Tianjin University joined the group as an academic 
visitor in October and he will be working with us for 
one year. As part of British Council funded 
collaboration on soil conditioning for pipe jacking, 
Michele Mascagni and Silvia Giardino of Politecnico di 
Torino stayed at Cambridge in September and 
October to perform laboratory tests for the project. 
 
I had various academic overseas trips. I was invited to 
Japan three times (by the Public Works Research 
Institute in January, Kyoto University in March and 
NTT infranet in November). I visited Turin, Italy in 
May as part of a British Council funded collaboration 
with Dr Marco Barla of Politecnico di Torino. I went 
to Blacksburg, Virginia in August for one week to 
complete the third edition of “Fundamentals of Soil 
Behavior” with Professor Jim Mitchell. The book is 
scheduled to be published on 13th May, 2005.  
 
In September, I organised an International workshop 
on “Innovation in monitoring and assessment of 
ageing infrastructure” at Jesus College with support 
from the Cambridge-MIT Institute. It was an 
invitation-only workshop with a wide range of 
international participants including infrastructure 
owners, consultants, sensor manufacturers and 
academics from the UK, USA and Japan. I continue to 
serve as an editorial board member of Géotechnique, 
ASCE Journal of Geotechnical and Geoenvironmental 
Engineering, and JGS Soils and Foundations and as an 
EPSRC panel member. I became forty on 5th 
November and my former and current PhD students 
gave me a surprise birthday party (thank you all). 
 
The loss of Ken Sutherland in May was the most 
devastating event I had in my academic life. He was an 
excellent PhD student and my deepest sympathy goes 
out to his mother and sisters. He will be 
remembered for the rest of my life. 
 
Tunnel construction processes and its 
influence to adjacent underground 
infrastructure (with Ming Wongsoraj, Eduard 
Vorster, Kensuke Date, Dr Assaf Klar and 
Professor Robert Mair) 
Ming Wongsoraj has conducted three dimensional 
finite element analysis investigating the construction 
processes of shield tunnelling and its impact on long-
term soil deformation and lining loads. The analysis 
uses the long term field data obtained from the 
Jubilee Line extension project as a bench mark and 
the study has been extended to develop methods for 
estimating long-term performance of tunnels. The 
investigation includes the effects on construction 
processes, soil properties and drainage conditions of 
the tunnel. Some results were presented at the 
Skempton Memorial Conference in March. He will be 
completing his PhD research in mid-2005. Eduard 



Vorster is conducting centrifuge modelling of 
tunnelling effects on adjacent underground 
infrastructure such as pipelines and tunnels. 
Deformation of pipes with different stiffness 
properties is monitored as a new tunnel is excavated 
underneath. He and Dr Assaf Klar developed a design 
method to evaluate the interaction effects. The work 
has so far resulted in two journal paper publications. 
The work is funded by Cambridge-MIT Institute. 
Kensuke Date is working on tunnel face stabilisation 
using fore-poling method. He is conducting centrifuge 
tests to simulate the construction processes of the 
method and aims to find an optimum geometry for 
various tunnelling scenarios. He is also performing 
three dimensional numerical simulations in parallel to 
centrifuge testing. The work is funded by Kajima 
Technical Research Institute. 
 
Grouting Processes and Soil Fracturing 
(Khalid Gafar, Albert Ng) 
Khalid Gafar completed his MPhil investigating the 
bleeding effect of cement bentonite grout under 
different pressures and performing grout injections in 
sand models. For the project, he has developed a 
large scale soil model apparatus, in which grouting 
can be performed under confined stress conditions. 
For his PhD research, he will be using this apparatus 
to investigate the fundamental processes occurring 
during grouting in sandy soils. He will also examine 
the method of dynamic injection to achieve better 
control of grouting. The work is funded partly by the 
Japan Anchor Association. Albert Ng is investigating 
the fundamental behaviour of soil fracturing in 
grouting and water injection operations. He will be 
performing soil fracturing tests to find factors that 
influence fracture pressure and directions. The work 
is funded by EPSRC and the Hong Kong government. 
 
Monitoring and Assessment of Ageing 
Infrastructure (Dr Peter Bennett, Hisham 
Mohamad, Eduard Vorster, Dr Gary Choy, Dr 
Assaf Klar and Professor Robert Mair) 
This three-year project is in collaboration with MIT 
and is supported by Cambridge-MIT Institute. With 
support from RLE, LUL and Nishimatsu, we 
conducted wireless sensor network monitoring of a 
London Underground Tunnel that was affected by a 
new Channel Tunnel Rail Link tunnel construction. 
Dr Peter Bennett is leading a project on fibre optics 
strain sensors to monitor movements of ageing 
infrastructures. We are utilising a fibre optics 
technology called BOTDR, which gives information of 
distributed strains along 10 km long fibres. With this 
technology, we have conducted a number of field 
trials in collaboration with Cementation Foundation 
Skanska, Building Research Establishment, Thames 
Water, Rail Link Engineering, CrossRail and 
Geotechnical Consulting Group. More field trials are 
planned in year 2005. Hisham Mohamad is developing 
protocols for installation and data interpretation as 
part of his PhD research. Dr Gary Choy is developing 
a new generation of strain sensors using MEMS 
technology. He plans to couple this work to a 
wireless network system in collaboration with Intel. 

 
Soil-pipeline interaction (Piau Cheong) 
Past study on soil-pipe interaction focused on a 
condition that the soil is moving globally as a rigid 
body (K0 condition). In reality, the moving soil can be 
in active or passive failure conditions and it is 
necessary to examine the effect of this on pipe 
loading. Piau Cheong performed numerical analysis of 
this problem. He implemented a new elasto-plastic 
sand model that considers the effect of density and 
confining pressure into ABAQUS and is using this 
code to solve the soil-pipeline interaction problems. 
A new design chart that considers the effect of global 
soil shearing has been developed based on the 
numerical analysis results. He is now investigating the 
soil pressure applied to bended gas pipelines. Bended 
pipes are often used in urban areas to change pipeline 
alignment. The increase in soil pressure at an elbow 
section when ground movement occurs is examined. 
The work is supported by Tokyo Gas. 
 
Methane Hydrate Extraction (Dr Assaf Klar 
and Albert Ng) 
Gas hydrate is an ice like solid material composed of 
gas molecule and water molecules. The water 
molecules form a structure in which a floating 
molecule of gas is caged. The most common gas 
found in this form in nature is methane. Natural 
methane hydrates result from the process 
decomposing organic matter by anaerobic bacteria. 
One of the places where methane hydrates can be 
found is few hundreds of meters below deep seas’ 
floor (i.e. 1 to 2 km depth from the sea level). It is 
estimated that the methane hydrates accumulated in 
the subsurface hold more than 10 trillion tons of 
carbon, which is twice as much as the world’s coal, 
oil and conventional gas reserves combined. Methane 
hydrate is considered as a potential fuel of the 3rd 
millennium, as it offers a substantial source for the 
ever-increasing demand for energy. We belong to the 
Japanese Methane Hydrate 21 Consortium and Dr 
Assaf Klar and Albert Ng are working with the 
National Institute of Advanced Industrial Science and 
Technology and Mitsubishi Heavy Industry to develop 
a technology to extract methane from the ground 
safely and economically. Dr Assaf Klar has developed 
a multiphase flow numerical code that considers 
ground deformation and is investigating the borehole 
stability of extraction wells during the production 
stage. Albert Ng is investigating the movement of 
fluids in porous media at very fast rates in order to 
achieve an economically viable production rate of 
methane gas.  
 
Assessment of Insitu Remediation 
Technologies Using Mass Flux Approach (with 
Indu Kulasooriya, John Page) 
In the past few years, we have been developing a 
method to assess the efficiency of insitu source zone 
remediation technologies. Field data shows that the 
efficiencies of various insitu source zone removal 
technologies are rather limited mainly due to 
subsurface heterogeneity. Accepting this limitation, a 
newly developed mass flux method considers the 



amount of contaminant mass flux generated from 
post- remediation source zones. Indu Kulasooriya 
and John Page examined the applicability of this 
method through intermediate scale tank experiments 
with heterogeneous soil models. Indu investigated the 
problem using contaminated sources with different 
geometries. John Page made stochastically generated 
heterogeneous soil models and spilled a contaminant 
to the models creating field-like source zones. They 
also developed numerical models, which were 
validated by tank experiment data. This work is done 
in collaboration with the Colorado School of Mines 
(Professor Tissa Illangasekare) under the US SERDP 
(Strategic Environmental Research and Development 
Program). Other support comes from EPSRC.  
 
Heterogeneity Effect on Contaminant Source 
Zone Characterisation (with John Page and 
Panos Nikopoulos) 
Extending the work described above, this research 
investigates the relationship between spatial 
distribution of source zone and mass flux generated 
from the source zone by soil tank experiments and 
numerical modelling. 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. Heterogeneous 
soil models are created both in the tank models and 
numerical models. John Page developed a two 
dimensional source zone model, whereas Panos 
Nikopolous is extending the work to develop a three 
dimensional source zone model. Since most of the 
experimental work up to now was done on sands, 
Panos is now investing the applicability of the work to 
more natural soils that are aggregated and clay-rich. 
He is working closely with Dr Richard Whalley, a soil 
scientist at Silsoe Research Institute. The work is 
supported by EPSRC and BBSRC. 
 
Insitu Remediation of DNAPL Source Zone in 
Deep Aquifers Using Water Jet Technologies 
(with Henry Ji) 
Henry Ji is developing an insitu remediation 
technology to remove DNAPLs from deep aquifers. 
He utilises an innovative water jetting technology, 
which allows working in deep aquifer environments. 
The technology is used to either (a) remove the 
source zone to a much higher degree compared to 
the existing technologies or (b) injecting treatment 
agents effectively into the ground. A model tank has 
been developed to examine the fundamental 
processes occurring during jet grouting and 
to evaluate the influence zone under 
various operational conditions. The work is in 
collaboration with Kajima Technical Research 
Institute. 
 
Insitu Assessment Technolgies for 
Contaminant Containment Systems (with Ken 
Sutherland and Dr Cedric Kechavarzi) 

In order to assess the performance of contaminant 
containment systems, such as slurry wall cut-off 
barriers and landfill liners, it is essential to quantify 
the engineering properties of the materials used for 
their construction. In this project, various existing in-
situ tools including CPT and an innovative Self-Boring 
Pressuremeter device are assessed to evaluate their 
performance, particularly with regard to disturbance 
effects and permeability testing. We have performed 
tests to an eight year old slurry walls installed at a 
former gas work site and samples were also taken to 
compare the insitu testing results to laboratory 
measured data. Similar testing was conducted at a 
landfill site near Cambridge. One of the most 
important issues during in-situ testing of 
contaminated containment systems is to ascertain 
that the tested material is not damaged in the 
process. Hydraulic fracturing tests are performed in 
the laboratory on both block samples obtained from 
the site and cast samples made in the laboratory. The 
aim of the project is to develop a guideline to 
perform insitu testing on contaminant containment 
systems. The work is done in collaboration with 
Cambridge Insitu and Building Research Establishment 
and is funded by EPSRC. 
 
Long-term Performance of Contaminant 
Containment Systems (with Dr Cedric 
Kechavarzi) 
It is essential to understand the long term behaviour 
of the materials used for their construction in 
developing design specifications for 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. 
Laboratory testing has been performed to investigate 
the effect of ageing on cement-bentonite including 
wetting and drying cycles as well as chemical attacks. 
Comparison of permeability is made for fresh 
homogeneous cast samples, 8 year old 
uncontaminated homogeneous samples cast from the 
mixer at the time of construction and 8 year old 
contaminated heterogeneous samples taken from 
different parts of the walls. The project aim is to 
provide insight into the overall evolution of the 
properties of cement-bentonite in an aggressive field 
environment. It is also suspected that water table 
fluctuations in the field, which creates unsaturated 
conditions around the top of slurry walls, have an 
effect on the performance of such walls. Hence a 
methodology is being developed in order to measure 
the permeability of samples subjected to wetting and 
drying cycles.  
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Dave White 
Downing College 
 
Lecturer 
 
2004 was my first full year as a Lecturer, during 
which my research group doubled in size following 
the recruitment of Andrew Deeks as a PhD student. 
We have secured a further 3 years of funding from 
Giken Seisakusho to support Andrew’s work, which 
is focussed on the behaviour of jacked piles.  
 
During 2004 my research focussed on various topics 
within foundation engineering, as described below. 
 
Pile design 
My PhD research into the deformation mechanisms 
that govern pile capacity in sand was published during 
2004[1]. These calibration chamber tests revealed the 
pattern of soil deformation in the vicinity of a pile, 
and subsequent work has drawn on these 
observations to improve current design methods.  
 
For base resistance, a review of field measurements 
provided simple explanations for the observed 
differences between cone penetration test (CPT) tip 
resistance and closed-ended pile base resistance, 
leading to practical design guidance[2].  
 
For shaft resistance, the calibration chamber testing 
provided an explanation for the observed 
phenomenon of ‘friction fatigue’ which was explored 

further through centrifuge[3,4] and element testing[4,5], 
with colleagues at the University of Western 
Australia (UWA) (Prof. Mark Randolph and A/Prof 
Barry Lehane) and the University of Massachusetts 
(A/Prof Jason DeJong). A mechanism of interface 
contraction leading to a loss of radial stress on the 
pile shaft was proposed to explain friction fatigue. 
The centrifuge tests highlighted the influence of 
loading cycles on this behaviour, and the element 
tests mimicked this response in more controlled 
conditions. The conclusions from this work have 
been distilled into a general framework for shaft 
resistance on displacement piles in sand, which aims 
to provide a more robust basis for a topic which has 
been previously treated in an empirical manner[6].  
 
Further theoretical analysis in collaboration with 
A/Prof Barry Lehane and James Schneider at the 
University of Western Australia (UWA) has 
examined the influence of end condition (open or 
closed) on pile shaft resistance [7]. 
 
This work has been supported by the Australian 
Research Council’s Special Research Centre for 
Offshore Foundation Systems, who kindly hosted me 
during July-September 2004. During this period I 
lectured the piled foundations section of UWA’s 
Masters-level course on offshore foundation systems. 
 
Related research with Prof. Bolton and Marcelo Silva 
has examined the effect of penetration rate on CPT 
resistance. The possibility of using variable-rate 
penetration tests to gain additional data compared to 
a standard single-rate test has been explored using 
coupled cavity expansion analysis[8]. 
 
Jacked piles 
During July 2004, myself and Prof. Bolton visited 
piling contractor Giken Seisakusho (in Kochi, Japan), 
to discuss our recent research into jacked piles, 
accompanied by Giken-sponsored students, Andrew 
Deeks, Melvin Hibberd and Helen Dingle.  
 
Andrew Deeks was awarded the Roscoe and ICE 
Prizes during his undergraduate 4th year. His project 
examined the influence of installation method on pile 
strength and stiffness. This project arose from the 
full-scale testing conducted during July 2003 in 
collaboration with Giken. Axial load tests on 100 mm 
diameter jacked piles revealed surprisingly high 
stiffness, compared to typical design 
recommendations for bored and driven piles. 
Andrew’s back-analysis using Prof Randolph’s RATZ 
program indicated that this high stiffness could be 
linked to residual load and stiffening of the base 
response during the installation process. Andrew’s 
project work will be presented at the 16th ICSMGE 
in Osaka during September 2005[9]. 
 
During 2004 I gave seminars at the Universities of 
Nottingham and Western Australia, and also Fugro 
Ltd, describing our research into jacked piles. 
 
 



Seabed pipeline behaviour 
Johnny Cheuk completed his PhD and Masoud Bonab 
finished a busy one-year post-doc in December 2004, 
both working with Prof. Bolton and myself on seabed 
pipelines. Johnny’s 1-g tests examining scale effects in 
sand have clarified how shear bands develop during 
uplift of buried pipelines[10]. Johnny and Masoud’s 
experiments with on-bottom pipelines have examined 
the resistance encountered during lateral and axial 
excursions across the seabed caused by temperature 
cycles of a longitudinally-restrained pipeline. These 
tests form part of the joint industry project 
SAFEBUCK. The results have been compared with 
predictions based on plasticity theory and simple 
models for berm formation have been proposed, in 
order to aid design. Masoud completed an extensive 
series of pipeline-seabed interaction tests for Technip 
Offshore, providing data on the tensile resistance 
offered at the touchdown point of a catenary riser.  
 
Mudmat foundation behaviour 
The optimal design of a mudmat foundation for a 
seabed structure maximizes the ratio of vertical 
compression to pullout capacity, which can be 
achieved by introducing perforations. Dominic Joray 
conducted a series of tests on the bearing capacity of 
perforated mudmats on soft clay while visiting from 
ETH Zurich. It was found that perforations reduced 
the compressive capacity in proportion to the 
perforated area. In heterogeneous conditions, a 
further change in compressive capacity arose due to 
the shallower failure mechanism. Peak pullout 
resistance was governed by separation beneath the 
mudmat, and depended on the width of the grillage 
elements formed by the perforation[11]. 
 
Spudcan foundation behaviour 
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 
proposed[12]. The implications of this advance are that 
greater moment restraint and tensile capacity may be 
provided by jack-up foundations than previously 
predicted. I presented this work to the relevant ISO 
committee (TC67/SC7/WG7/ Panel 4, foundations) 
on which I sit. Further tests on two-layer clay have 
investigated unstable ‘punch-through’ failure[13]. 
 
Image analysis 
The image analysis system developed by myself and 
Dr Andy Take (formerly of CUED and now at 
Queen’s University, Canada) during our PhD 

research has been further disseminated. The use of 
the system to measure shallow foundation failure 
mechanisms on the UWA drum centrifuge is one 
example of the improved utility of centrifuge 
modelling when combined with our system[14]. Our 
GeoPIV software is now in use at 20 research 
institutes worldwide, and has saved many hundred of 
man-hours being spent placing markers in soil 
models. GeoPIV was successfully used to measure 
construction-induced ground movements in real-time 
with web-based reporting whilst the Channel Tunnel 
Rail Link was being bored under North London[15]. 
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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 2004. Their 
reports are collated according to 
the following research areas: 
 

• Earthquake engineering 
• Geoenvironmental 

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

 
 
 
 



 
 
 
 
 
 
 

Research area:  
Earthquake 
engineering 
 
 
 
 
 
 
 
 
 
 

 
 
Andrew Brennan 
Wolfson College 
 
Junior Research Fellow 
 
The bulk of my 2004 work was within the EU’s 
NEMISREF project (grant no. GRD1-40457). I am 
involved with two of the three main areas of work 
within this project: 
 
1. Reduction of ground shaking loads. Centrifuge 

tests have been performed using micropiles and 
soft inclusions to investigate the feasibility of 
reducing accelerations transmitted to structures 
during earthquakes. Only soft layers achieved a 
significant improvement, reducing the applied 
accelerations by a factor of 2. Work is 
continuing on simple design procedures for such 
improvement schemes, as their performance is 
obviously frequency-dependent. 

 

2. Reduction of acceleration amplification at slope 
crests. Slope crests commonly experience much 
larger accelerations during earthquakes than 
surrounding soils, so long buildings may 
experience differential accelerations along their 
length. Centrifuge tests using soft layers and 
ground anchors have been performed to 
attempt to rectify this. The soft layers in this 
case made the situation worse, as shear waves 
circumnavigated the improvement and arrived at 
the crest with a significant phase lag! 

 
Other partners in the project are working on 
numerical modelling, physical modelling, laboratory 
testing and field monitoring of these techniques in 
order to provide a comprehensive evaluation.  
 
I have also done a lot of work developing techniques 
for the manipulation of centrifuge data. With careful 
consideration and correct data handling, standard 
instrument readings can be converted into soil 
parameters for characterisation and modelling 
purposes. Using self-written software, shear modulus 
and damping degradation curves were created for the 
most commonly used laboratory soils, based on 
archive centrifuge data. For the majority of materials, 
these corresponded closely with published laboratory 
test data. 
 
Similarly, coefficient of consolidation cv can be 
derived using standard PPT measurements. This has 
been plotted as a function of excess pore pressure 
ratio ru during reconsolidation from a liquefied state. 
Significant changes in the parameter were measured 
for the first time, reflecting changes in both 
compressibility mv and permeability k as functions of 
excess pore pressures. 
 
During the year, a new container for dynamic 
centrifuge testing was designed, built and 
commissioned, in conjunction with CUED. Based 
around the “laminar box” principle, this consists of a 
stack of many light frames, separated by roller 
bearings to allow complete freedom of movement. 
The container is braced to prevent lateral bulging 
relieving horizontal stresses, and investigations are 
under way into the complementary shear condition 
at the end walls. Initial tests indicate that soil 
responds in an identical manner at the box centre 
and at the extreme ends. 
 
From May 2005 I shall be taking up a lectureship with 
the geotechnical research group at the University of 
Dundee, UK, but look forward to continued 
collaboration with the Cambridge group. 
 
Publications in 2004: 
 
1. Brennan, A.J. (2004) Vertical Drains as a 

Countermeasure to Earthquake-Induced Soil 
Liquefaction. PhD thesis, University of Cambridge, 
UK  
 



2. Brennan, A.J., Thusyanthan, N.I. & Madabhushi, 
S.P.G. (2004) Evaluation of Shear Modulus and 
Damping in Dynamic Centrifuge Tests. Cambridge 
University Engineering Department Technical 
Report CUED/D-SOILS/TR336. 

 
3. Pitilakis, K., Kirtas, E., Sextos, A., Bolton, M.D., 

Madabhushi, S.P.G. & Brennan, A.J. (2004) Validation 
by Centrifuge Testing of Numerical Simulations for Soil-
Foundation-Structure Systems. Proceedings of the 
13th World Conference on Earthquake 
Engineering, Vancouver, B.C., August 2004. 

 
4. Thusyanthan, I., Madabhushi, S.P.G., Singh, S., Haigh, 

S.K. & Brennan, A.J. (2004) Seismic Behaviour of 
Municipal Solid Waste Landfills. Proceedings of the 
13th World Conference on Earthquake 
Engineering, Vancouver, B.C., August 2004. 

 
 

 
 
Paulo Lopes de Coelho 
Churchill College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 3rd 
PhD Topic: Densification as a Liquefaction 

Resistance Measure for Bridge Foundations 
 
I started my PhD at Cambridge University 
Engineering in April 2002, joining a research project 
funded by the Engineering and Physical Sciences 
Research Council (EPSRC) and Mott MacDonald, UK, 
considering the use of densification to mitigate the 
effects of earthquake-induced liquefaction in bridges 
built on shallow foundations.  
  
The experimental results obtained through the 
combination of centrifuge modelling and element 
testing provided valuable insight into the behaviour of 
the soil-structure system during and after the 
occurrence of strong earthquakes. The 14 dynamic 
centrifuge tests performed up to the moment 
considerably improved the understanding on: 
 

a) the behaviour of saturated deposits of loose and 
dense sand, in the free-field, under a seismic loading; 
 
b) the dynamic behaviour of bridges built on shallow 
foundations on saturated deposits of loose sand; 
 
c) the effects of densifying the ground under a 
shallow foundation on the dynamic soil-structure 
system behaviour, considering densified blocks of 
varying geometry; 
 
d)  the use of new techniques to improve the 
performance of shallow foundations built on 
liquefiable ground. 
 
The tests provided relevant information in terms of 
excess pore pressure generation and propagation of 
accelerations in the deposit and also settlements of 
the ground surface for all the different conditions 
considered. In the cases where a bridge was used, its 
accelerations and settlements during and after the 
shaking were also recorded. The comparison of the 
results observed in each model suggests that the 
migration of excess-pore-pressure, especially in the 
horizontal direction, is much more important than 
previously thought. It is also suggested that large 
densified blocks may have detrimental effects on the 
structure performance and optimum solutions may 
require the combination of narrow densified zones 
with other soil improvement techniques. 
 
Cyclic and monotonic triaxial tests were also 
performed on saturated sand of different relative 
densities in order to establish the behaviour of the 
sand under truly undrained conditions. These tests 
were used to determine the soil parameters required 
by advanced soil models that will be used in future 
numerical modelling and to clarify some special 
features of soil behaviour observed in the centrifuge 
models. 
 
Future numerical simulations are expected to extend 
the main findings derived from the centrifuge 
modelling, by extrapolating conclusions for a wider 
range of geometries of the zone of ground 
improvement. The combination of the experimental 
and numerical results should enhance the use of 
densification as a liquefaction resistance measure for 
structures built on shallow foundations. Hopefully, 
design guidelines and new techniques to increase the 
resistance of these structures will be proposed by the 
end of the research.  
 
Publications in 2004: 
 
1. Coelho, P.A.L.F., Haigh, S.K. and Madabhushi, S.P.G. 

(2004), Centrifuge modelling of the effects of 
earthquake-induced liquefaction on bridge foundations, 
Proc. 11th International Conference on Soil 
Dynamics and Earthquake Engineering, Berkeley, 
USA. 

 
2. Coelho, P.A.L.F., Haigh, S.K., Madabhushi, S.P.G. 

(2004), Centrifuge modelling of the use of densification 



as a liquefaction resistance measure for bridge 
foundations, 13th World Conference on Earthquake 
Engineering, Vancouver, Canada. 

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

(2004), Centrifuge modelling of liquefaction of 
saturated sand under cyclic loading. Proc. Int. Conf. 
on Cyclic Behaviour of Soils, CBS04, Bochum, 
Germany. 

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

(2004), Centrifuge modelling of earthquake effects in 
uniform deposits of saturated sand. Proc. 5th Intern. 
Conf. on Case Histories in Geotechnical 
Engineering, USA, S. Prakash, Ed.: New York. 

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

P. G. (2004), Centrifuge modelling of the behaviour of 
saturated granular deposits under cyclic loading: the 
experience of the Schofield Centre, Cambridge 
University, Proc. of the 9th Portuguese Conference 
on Geotechnics, Aveiro, Portugal (in Portuguese) 

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

P. G. (2004), Earthquake-induced liquefaction of 
saturated uniform deposits of sand: a study using 
centrifuge modelling, Proc. of the 9th Portuguese 
Conference on Geotechnics, Aveiro, Portugal (in 
Portuguese) 

 

 
Model in the centrifuge beam ready for testing. 
 

 
Central pier and decks of the model bridge after the 
centrifuge test 

 
 
Barnali Ghosh 
 
1851 Research Fellow 
 
This year will always be very memorable as I was 
awarded a PhD during March.  My thesis examined 
the different mechanisms of soil structure interaction 
in layered soils for rigid foundations. The centrifuge 
test results were numerically simulated by using the 
FE package SWANDYNE which is reported in my 
thesis. 
 
The year has mostly been spent in consolidating the 
results obtained during my PhD and publishing those 
in various journals. I spent three months in India 
working closely with my previous employers (Bhabha 
Atomic Research Centre (BARC)) and establishing a 
research project which would introduce centrifuge 
modelling to the Department of Atomic Energy in 
India. I was also invited to present my work at 
various universities in India. There were also several 
conferences that I attended. Significant ones among 
them were the Fifth International Conference on case 
Histories in Geotechnical Engineering, which was held at 
New York and the 11th International Conference on Soil 
Dynamics and Earthquake Engineering which was at 
Berkeley, California. 
 
The year was also good in terms of publications. I 
wrote several papers which were accepted in 
International Conferences and Journals. I also worked 
in collaboration with Dr. Madabhushi, Dr. Stuart 
Haigh and Dr. Assaf Klar. 
 
Publications in 2004: 
 
Journal papers: 
 
1. Haigh, S.K., Ghosh, B. & Madabhushi, S.P.G. (2004), 

The importance of time step discretisation in non linear 
dynamic finite element analysis. Accepted for 
publication, Canadian Geotechnical Journal. 

 
2. Ghosh, B., Klar A. & Madabhushi, S.P.G. (2004), 

Modification of site response in presence of localized 
soft layer. Accepted, Journal of Earthquake 
Engineering. 

 



3. Ghosh B., & Madabhushi, S.P.G. (2004), Comparison 
of free field response in layered soil under liquefiable 
conditions. Accepted, Indian Geotechnical Journal. 

 
Conference papers: 
 
4. Ghosh B. & Madabhushi S.P.G. (2004), Dynamic soil 

structure interaction for layered and inhomogeneous 
ground:  A comparative study.  Paper No.  440, 13th 
World Conference on Earthquake Engineering, 
Vancouver, 1-6th August. 

 
5. Ghosh, B. & Madabhushi, S.P.G. (2004), Centrifuge 

modelling of dynamic soil structure interaction in 
layered and inhomogeneous liquefiable soil. 
Proceedings: Fifth International Conference on 
Case Histories in Geotechnical Engineering, New 
York, April 13-17th. 

 
6. Ghosh, B. & Madabhushi, S.P.G. (2004), Effect of 

foundation embedment in the soil structure interaction 
of nuclear power plants. Proceedings: 11th 
International Conference on Soil Dynamics and 
Earthquake Engineering, 837-844, 7-9th January 
2004, Berkeley, California.  

 
 

 
 
Stuart Haigh 
Girton College 
 
Research Fellow 
 
Since returning from working in Canada in May, 
installing a new servo-hydraulic earthquake actuator 
at C-CORE, I have been working with Dr Madabhushi 
on the EU funded NEMISREF project. As part of this 
project I have been carrying out Class A & C 
numerical analyses of dynamic centrifuge tests carried 
out by Andrew Brennan and Helen Mitrani. 
 
 I have also continued to be involved in an EPSRC 
project on vibro-densification as a liquefaction 
remediation measure, working with Paulo Coelho, 
continuing the physical and numerical work I began 
before going to Canada. 
 
During this year I have also been involved with 
designing equipment for both the beam and minidrum 

centrifuges, work which has culminated in my 
appointment at the end of 2004 as Senior Engineer 
for the Schofield Centre. In this new role I will be 
heavily involved in upgrading our experimental 
facilities to allow us to remain at the cutting edge of 
world research. 
 
Publications in 2004: 
 
1. Coelho, P.A.L.F., Haigh, S.K. & Madabhushi, S.P.G. 

(2004) Centrifuge modelling of the use of densification 
as a liquefaction resistance measure for bridge 
foundations. 13th World Conference on Earthquake 
Engineering, Vancouver, Canada, August 2004. 

 
2. Knappett, J.A., Haigh, S.K. & Madabhushi, S.P.G. 

(2004) Mechanisms of failure for shallow foundations 
under earthquake loading. 11th International 
Conference on Soil Dynamics and Earthquake 
Engineering, Berkeley, California, January 2004. 

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

(2004) Centrifuge modelling of the effects of 
earthquake-induced liquefaction on bridge foundations. 
11th International Conference on Soil Dynamics 
and Earthquake Engineering, Berkeley, California, 
January 2004. 

 
4. Haigh, S.K., Ghosh, B. & Madabhushi, S.P.G. (2004), 

The importance of time step discretisation in non linear 
dynamic finite element analysis. Accepted for 
publication, Canadian Geotechnical Journal. 

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

(2004), Centrifuge modelling of liquefaction of 
saturated sand under cyclic loading. Proc. Int. Conf. 
on Cyclic Behaviour of Soils, CBS04, Bochum, 
Germany. 

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

(2004), Centrifuge modelling of earthquake effects in 
uniform deposits of saturated sand. Proc. 5th Intern. 
Conf. on Case Histories in Geotechnical 
Engineering, USA, S. Prakash, Ed.: New York. 

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

P. G. (2004), Centrifuge modelling of the behaviour of 
saturated granular deposits under cyclic loading: the 
experience of the Schofield Centre, Cambridge 
University, Proc. of the 9th Portuguese Conference 
on Geotechnics, Aveiro, Portugal (in Portuguese). 

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

P. G. (2004), Earthquake-induced liquefaction of 
saturated uniform deposits of sand: a study using 
centrifuge modelling, Proc. of the 9th Portuguese 
Conference on Geotechnics, Aveiro, Portugal (in 
Portuguese). 

 
9. Thusyanthan, I., Madabhushi, S.P.G., Singh, S., Haigh, 

S.K. & Brennan, A.J. (2004), Seismic Behaviour of 
Municipal Solid Waste Landfills. Proceedings of the 
13th World Conference on Earthquake Engineering, 
Vancouver, B.C., August 2004. 



 
 
Jonathan Knappett 
Magdalene College 
 
Supervisor: Dr Gopal Madabhushi 
Year:  2nd 
PhD Topic: Liquefaction induced buckling of pile 

groups 
 
I am now in the second year of my PhD research, 
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. 
 
Over the last year I have been completing initial 
centrifuge testing and numerical modelling work 
investigating the instability and collapse of pile groups 
in liquefiable soils.  A number of centrifuge tests have 
been undertaken on pile groups, in which the length, 
s/D ratio and axial load have been varied across 12 
pile groups.  Some interesting failure mechanisms 
have been observed, as shown in the images to the 
right.   
 
The results of these tests have then been used to 
validate non-linear pseudo-static push-over analyses, 
accounting for post-buckling effects using the FE 
program ABAQUS.  The initial tests considered 
idealised end conditions and centrifuge work is now 
partially completed investigating the end-bearing 
capacity of piles in liquefiable soils and axial load 
transfer between the piles and the raft. 
 
Future work will include the improvement of the 
numerical models to account for pile end-bearing 
response and raft effects and further extending the 
model to look at the behaviour and failure of axially 
loaded pile groups during lateral spreading. 
 
 

 
 

 
Collapse of 14.4m and 8.0m pile groups due to instability 
effects 
 
Publications in 2004: 
 
Journal papers: 
 
1. Knappett, J.A., Haigh, S.K. and Madabhushi, S.P.G. 

(2005).  Mechanisms of failure for shallow foundations 
under earthquake loading.  Soil Dynamics & 
Earthquake Engineering, (Accepted for publication).   

 
2. Knappett, J.A., Mitrani, H., Madabhushi, S.P.G. and 

Bolton, M.D. (2005).  Discussion on: Shahrour, I. and 
Juran, I. (2004). Seismic behaviour of micropile 
systems.  Ground Improvement (Under review) 

 
Conference papers: 
 
3. Knappett, J.A., Haigh, S.K. & Madabhushi, S.P.G. 

(2004).  Mechanisms of failure for shallow foundations 
under earthquake loading. 11th International 
Conference on Soil Dynamics and Earthquake 
Engineering, Berkeley, California, January 2004. 

 
4. Knappett, J.A. and Madabhushi, S.P.G. (2005).  

Instability of slender pile groups during earthquake-
induced liquefaction.  SECED Young Engineers 
Conference, University of Bath, UK.   

 
5. Knappett, J.A. and Madabhushi, S.P.G. (2005).  

Modelling of liquefaction-induced instability in pile 
groups.  Workshop on Simulation and Seismic 
Performance of Pile Foundations in Liquefied and 
Laterally Spreading Ground, UC Davis, CA, USA.  

 
 



 
 
Helen Mitrani 
Churchill College 
 
Supervisor: Dr Gopal Madabhushi 
Year:  3rd 
PhD Topic: Liquefaction remediation methods 

for existing buildings 
 
My PhD is being carried out as part of the NEMISREF 
project, in which a number of academic institutions 
and engineering companies across Europe are 
collaborating. The project is 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 are to develop foundation 
upgrade schemes for both liquefiable and non-
liquefiable sites, which have minimum cost and impact 
on the structure and surrounding environment. It is 
hoped to achieve these objectives using a 
combination of laboratory testing and numerical 
modelling to understand site effects and soil-
structure interaction. 
 
My research has so far consisted of conducting 
centrifuge tests both to assess the performance new, 
innovative liquefaction remediation schemes and to 
better understand those already used in practice. 
Nine tests have been carried out in total, including 
five this year.  
 
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. 
Initial 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. 
 

 
Instrumented model loaded onto the centrifuge and ready 
to test.  
 
Publications in 2004: 
 
1. Mitrani, H. M. and Madabhushi, S. P. G. Centrifuge 

Tests Investigating Inclined Grout Micro-piles as a 
Method of Liquefaction Remediation for Existing 
Buildings. Proc. GeoFrontiers 2005, Geotechnical 
Special Publications 130-142 & GRI-18 ASCE, 2005. 

 
2. Mitrani, H. M. and Madabhushi, S. P. G. Centrifuge 

Tests Investigating Soil Cementation as a Method of 
Liquefaction Remediation for Existing Buildings. Proc. 
SECED Young Engineers Conference, March 2005, 
University of Bath, Bath, UK. 

 
3. Mitrani, H. M. and Madabhushi, S. P. G. Centrifuge 

Tests Centrifuge Tests on a Structure Founded on 
Liquefiable Soil With Containment Walls as a 
Remediation Method. Accepted by Int. Conf. on 
Problematic Soils, May 2005, Eastern 
Mediterranean University, Famagusta, N. Cyprus.  

 
 
 
 
 
 
 
 

 
Some of the younger members of the Group enjoying 
playing with their toys at the Geotechnical summer 
barbeque 



 
 
Assaf Klar 
 
Technion-Churchill College Post-Doctoral 
Exchange Researcher 
 
Immediately after receiving my PhD from the 
Technion – Israel Institute of Technology - I joined 
Cambridge Geotechnical Research Group, supported 
by the British Technion Society. I was initially 
affiliated to the NEMISREF project, working on 
numerical simulation of possible mitigation schemes. 
However, soon after I started expanding to other 
fields: 
  
Tunnelling Effects on Existing Pipelines 
By using the boundary integral method to solve this 
problem I was able to contribute to the interesting 
experimental research that has been carried out by 
Eduard Vorster. This collaboration with Eduard, Dr. 
Soga and Prof. Mair led to several publications which 
treat the problem on several different levels, looking 
at the driving mechanisms of the problem and 
recognizing the importance of quantifying each of 
them.     
 
Methane Hydrate  
In September 2004 I started working with Dr. Soga 
on a new project involving the behaviour of Methane 
Hydrate.  
 
Gas hydrate is an ice-like solid material composed of 
gas molecules and water molecules. The water 
molecules form a structure in which a floating 
molecule of gas is caged. One of the places where 
methane hydrates can be found is a few hundreds of 
metres below deep seas’ floor (i.e. 1 to 2 km depth 
from the sea level). At such locations, the condition 
of high pressures and low temperature exists in 
order to form methane hydrates.  
 
It is estimated that the methane hydrates 
accumulated in the subsurface hold more than 10 
trillion tons of carbon, which is twice as much as the 
world’s coal, oil and conventional gas reserves 
combined. It is therefore no wonder why the 
extraction of the methane gas is an interesting 
research subject.  
 

By assuming that the hydrate cannot flow, but only 
dissociate into water and gas, we were able to 
construct a two phase flow formulation which takes 
into account the soil deformation. Using the 
governing equation we solve 3 boundary value 
problems in parallel – one for soil deformation, and 
two for water and gas flow. We are currently 
examining the stability of gas hydrate wells.  
 
The research is conducted in collaboration with AIST 
(Japan National Institute of Advanced Industrial 
Science and Technology) and in close association with 
Mitsubishi Heavy Industry (MHI). In December 2004, 
I attended AIST meetings in Japan, and Visited MHI 
helping M.Y.A Ng testing a new permeability 
apparatus.   
 
BOTDR – Distributed Strain Measurements  
This research is led by Dr. Peter Bennett. Some of 
the light travelling down an optical fibre is scattered 
back towards the direction of the source. In the case 
of Brillouin scattering, the frequency of the 
backscattered light is shifted by an amount that is 
proportional to the strain at the scattering location. 
By analyzing the backscattered light in the frequency 
and time domains, the strain profile can be measured 
along the full length of a suitable optical fibre (up to 
20km).  
 
Strains derived by Brillovin Optical Time Domain 
Reflectometry (BOTDR) are not as accurate as other 
methods such as vibrating wires or Bragg grating (also 
fibre optic technology). However, the more accurate 
methods supply only a discrete value, while the 
BOTDR supplies a distribution (value for every 5cm). 
Understanding and monitoring of continuum systems 
can be achieved more accurately by strain 
distribution than by local measurements. A good 
example is the horizontally loaded pile, in which the 
interaction with the soil can be obtained by double 
differentiating and integrating of the strain profile. 
Throughout the last year, the team led by Dr. 
Bennett installed the optical fibres in numerous 
projects, of which I was heavily involved in the 
Paddington and Farringdon projects. The goal of the 
instrumentation for these two projects is to obtain 
detailed information about soil-pile-structure 
interaction which will result from the future 
construction of Crossrail.  
 
Publications in 2004: 
 
1. Klar, A., Vorster,  T.E.B., Soga, K. and Mair, R.J. 

(2004) Soil-Pipe Interaction due to Tunnelling: 
Comparison between Winkler and Elastic Continuum 
Solutions. Accepted to Geotechnique.  

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

(2004) Estimating the Effects of Tunnelling on Existing 
Pipelines. Accepted to ASCE Geotechnical and 
Geoenvironmental Engineering.  

 
 



3. Ghosh, B., Klar, A., Madabhushi S.P.G, (2004) 
Modification of Site Response in Presence of Localised 
Soft Layer. Accepted to Journal of Earthquake 
Engineering. 

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

(2004) Elasto-Plastic Solutions for Soil-Pipe Tunnel 
Interaction. Submitted to Soils and Foundations.       

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

(2005) Continuum Solution of Soil-Pipe-Tunnel 
Interaction including Local Failure. Paper No. 57, 11th 
International Conference of IACMAG, Torino, 
Italy.  

 
6. Klar, A. and Soga, K. (2005) Coupled Deformation-

Flow Analysis for Methane Hydrate Production by 
Depressurized Wells. 3rd Biot Conference on 
Poromechanics, Oklahoma, USA. Paper No. 
CBI00344 

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

(2005) Centrifuge Modelling of the Effects of 
Tunnelling on Buried Pipelines: Mechanisms Observed. 
5th International Symposium TC28, Geotechnical 
Aspects of Underground Construction in Soft 
Ground, Amsterdam, The Netherlands 

 

 
Mitsubishi Heavy Industries, Ltd., Japan 
 
 
 
 
 
 
 

 
 
Thushy Thusyanthan 
Girton College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 3rd 
PhD Topic: Behaviour of landfill systems under 

monotonic and earthquake loading 
 
I am in my third year of Ph.D, working on “Behaviour 
of landfill systems under monotonic and earthquake 
loading”.  
 
The research aims to understand: 
 
1. The dynamic behaviour of municipal solid waste 
(MSW) landfills; 
 
2. The performance of geomembranes in landfills 
during earthquake loading; 
 
3. The effects of liquefaction on landfills; 
 
4. Cracking in clays liners.  
 
Every year, countries all over the world deal with the 
disposal of millions of tons of MSW. Nearly 50 
million tons of waste is produced by households in 
Japan every year of which around 15 million tons of 
waste is landfilled. United States generates over 230 
million tons of MSW and about 55 % of it is landfilled. 
Japan and the United States have thousands of 
landfills located in seismic regions.  Hence it is 
important to understand the integrity of landfills 
under earthquake loading as landfill failures can lead 
to ground water contamination and other geo-
environmental disasters. Better understanding of 
seismic behaviour of landfills can be used for risk 
assessing old landfills located in seismic regions and 
for the design of new landfills 
 
Research into the seismic behaviour of MSW Landfill 
has often been limited to numerical analyses due to 
the difficulties in dealing with real waste. This 
limitation has been overcome by producing a model 
waste. The model waste has been tested and shown 
to have similar engineering properties as real MSW. 
Dynamic centrifuge tests have been performed using 



the model waste to understand the amplification 
characteristics of MSW.  
 
Performance of geomembranes in landfill during 
earthquake loading was investigated by using a model 
geomembrane in a centrifuge model. Results show 
that an earthquake loading induces additional 
permanent tension in the geomembrane. For an 
earthquake loading of 0.09g and 15s duration at the 
foundation level, the tension in the geomembrane can 
increase up to 25% of the pre-earthquake value 
during the earthquake loading and have a permanent 
increase of 20% of pre-earthquake. For earthquake 
loading of higher intensity, such as 0.2g to 0.3g at the 
foundation level, the tension in the geomembrane can 
increase up to 40% of the pre-earthquake value 
during the earthquake loading and have a permanent 
increase of up to 30% of pre-earthquake value. 
 
A municipal solid waste (MSW) landfill founded on 
liquefiable foundation soil can be damaged during an 
earthquake. This aspect was investigated by 
subjecting a landfill model with a liquefiable 
foundation to a model earthquake. The landfill 
modelled in the centrifuge test was lined with a single 
clay liner and had a 45° side-slope. The accelerations 
within the model MSW, the clay liner and the 
foundation soil, and pore pressures within the 
foundation soil, were all measured at different model 
earthquakes of varying intensity and frequency. Test 
results gave important insights into failure mechanism 
of clay liner system under earthquake loading 
following the liquefaction of soil beneath the side 
slope of the landfill.   
 
Tensile cracking in clay is an important phenomenon 
for clay liner integrity. Clay liners experience tensile 
strains when subjected to deformation. Excessive 
deformations will eventually lead to clay liner cracks. 
The research investigated the stress-strain criteria for 
crack initiation in clays.  
 
In conclusion, dynamic centrifuge modelling and 
testing of landfills provided valuable insight into the 
seismic behaviour of landfills. Results of this research 
will improve the design guidelines and may result in 
new legislations by governments.    
 
Publications in 2004: 
 
1. N.I.Thusyanthan, S.P.G Madabhushi & S. Singh 

(2005), Seismic performance of geomembrane placed 
on a slope in a MSW landfill cell -A Centrifuge study. 
Geo-frontiers 2005-Geo-Institute & Geosynthetics 
congress 2005. Austin, Texas, US.  

 
2. N.I.Thusyanthan, S.P.G Madabhushi & S. Singh 

(2004), Centrifuge modelling of solid waste landfill 
systems: Part 1- Development of a model municipal 
solid waste. Submitted to ASTM Geotechnical 
Testing Journal.  

 

3. N.I.Thusyanthan, S.P.G Madabhushi & S. Singh 
(2004), Centrifuge modelling of solid waste landfill 
systems: Part 2- Centrifuge testing of model waste. 
Submitted to ASTM Geotechnical Testing Journal.  

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

(2004), Centrifuge modelling of municipal solid waste 
landfills under earthquake loading. ICGGE – 2004, 
International Conference on Geosynthetics and 
GeoEnvironmental Engineering. Indian Institute of 
Technology Bombay, December 8 to 10, 2004  

 
5. Thusyanthan, I., Madabhushi, S.P.G., Singh, S., Haigh, 

S.K. & Brennan, A.J. (2004), Seismic Behaviour of 
Municipal Solid Waste Landfills. Proceedings of the 
13th World Conference on Earthquake Engineering, 
Vancouver, B.C., August 2004. 

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

(2004), Modelling the Seismic Behaviour of Municipal 
Solid Waste. 11th International Conference on Soil 
Dynamics and Earthquake Engineering, Berkeley, 
USA. 

 
7. N.I.Thusyanthan, S.P.G Madabhushi & S. Singh 

(2004), Tension in geomembranes placed on landfill 
slopes under static and dynamic loading. Accepted for 
publication-19th International Conference on Solid 
Waste Technology and Management, Philadelphia, 
USA.   
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Marwa S. M. Al-Ansary 
Sidney Sussex College 
 
Supervisor: Dr. Abir Al-Tabbaa 
Year: 3rd 
PhD Topic: Stabilization/Solidification (S/S) and 

Pelletisation of Petroleum Drill cuttings to be used 
in construction applications:  North Sea and Ras 
Shukier Case Studies. 

 
One of the main challenges that confronts the oil 
industry is the unwanted generation of drill cuttings 
resulting from the drilling process of oil exploration 
and production activities. Drill cuttings are one of the 
inevitable heterogeneous wastes that fall within the 
EU Commission Decision’s 2001/118/EC definition of 
‘hazardous waste’. The physical characteristics and 
the chemical composition of the drill cuttings 
significantly vary according to different factors such as 
the type of drilling fluid used, local geology, oil well 
location, oil operator and drilling techniques. Since 
the drill cuttings are composed of substantial 

percentages of hydrocarbons, heavy metals and 
water-soluble salts such as chlorides and sulphates, 
prudent environmental solutions are required to 
manage them. Therefore, various environmental laws 
and legislations have been issued worldwide in order 
to regulate the quantity as well as composition of the 
drill cuttings.  
 
My research work investigates the drill cuttings from 
two case studies: the North Sea and the Ras-Shukier 
oil field (located in Red Sea, Egypt).  My PhD work is 
divided into three major parts.  Firstly, the S/S 
technique has been applied to different model 
samples of drill cuttings with varying percentages of 
hydrocarbons, heavy metals and chlorides.  A number 
of conventional binders (e.g. Portland cement, 
hydrated lime, pulverised fuel ash and blastfurnace 
slag) as well as novel binders (e.g. Zeolite, cement 
kiln dust, compost, silica fume/microsilica and MgO 
cement) were utilised. Stabilised drill cuttings were 
evaluated using various techniques viz. physical tests 
(unconfined compressive strength), chemical tests 
(chloride and oil leachate and leachate pH) and 
micro-structural examination (SEM and XRD).   
 
Secondly, selected optimum mixes were pelletised, 
using a pan pelletiser, and were converted into 
secondary aggregates. Parameters that govern the 
resulting shape and properties suitable for different 
applications will be investigated. The performance of 
the aggregates will be evaluated using standard 
compliance tests for given applications. 

        Drill Cuttings                      Aggregates produced 
                                                     from drill  
 
Thirdly, life cycle analysis of the optimum binders will 
be studied. The life cycle analysis will be evaluated 
using a relevant modelling tool. The embodied energy 
technique will be employed wherein numerical energy 
inputs will be compared in order to assess the 
environmental implications at every stage in the life 
cycle of the secondary aggregates produced from drill 
cuttings. 
 
The work done, so far, covers the first stage of the 
S/S work and the conversion of drill cuttings into 
construction products by use of the pelletiser. 
Currently, the research is focused on optimising the 
binder system and on analysing the life cycle of the 
optimum binders. 
 
I am currently the Graduate Representative in the 
Cambridge University Engineering Department 
Student-Staff Joint Committee (SSJC). She is also the 



organiser of the 'Best Lecturer Awards' and the 
Library Committee representative. 
 
Publications in 2004: 
 
1. Al-Ansary M.S. and Al-Tabbaa, A. (2005). 

Stabilisation/solidification of Synthetic Drill Cuttings 
from Ras Shukier in Egypt Containing Oil and Chloride. 
Proceedings of the Int. Conference on Stabilization/ 
Solidification treatment and remediation, 
Cambridge, UK. 

 
2. Al-Ansary, M.S., El-Haggar, S.M. (2005). Applying 7R 

Golden Rules of Industrial Ecology to manage 
Construction Site Wastes. Proceedings of the Global 
Construction: Ultimate Concrete Opportunities, 
Dundee University, UK. 

 
3. Al-Ansary, M.S, El-Haggar, S.M. and Taha, M.A. 

(2004). Sustainable guidelines for managing demolition 
waste in Egypt. Proceedings of the Int. RILEM 
Conference on the Use of Recycled Materials in 
Building and Structures, Barcelona, Spain. 

 
4. Al-Ansary, M.S. and Al-Tabbaa, A. (2004). S/S of 

Synthetic North Sea Drill Cuttings Containing Oil and 
Chloride. Proceedings of the Int. RILEM Conference 
on the Use of Recycled Materials in Building and 
Structures, Barcelona, Spain. 

 
5. Al-Ansary, M.S., El-Haggar, S.M. and Taha, M.A. 

(2004). Proposed Guidelines for Construction Waste 
Management in Egypt for Sustainability of Construction 
Industry. Proceedings of the International 
Conference on Sustainable Construction Waste 
Management, Singapore. 

 
 

 
 
May Chan 
 
Supervisor:      Dr Rod Lynch 
Year 4th 
PhD Topic:  Photocatalytic remediation of 

organics in groundwater 
 
My research on Photocatalytic remediation involves 
chemical degradation of organic pollutants in 
groundwater. Her work is part of a collaborative 
project with the Chemistry Department of 
Cambridge University and funded by EPSRC. 
 

Photocatalytic remediation of organics in 
groundwater: 
The target pollutant is Methyl-tert-butyl ether 
(MTBE). MTBE has been used as a replacement of 
anti-knocking agent of leaded compounds in 
petroleum since 1970s. MTBE possesses a distinct 
odour, which can be easily detected by humans even 
at trace quantities. When MTBE enters groundwater, 
it usually migrates at the same speed as the water 
flow and partitions weakly to the organic fraction in 
soil. The chemical stability and resistance to 
biodegradation of MTBE are responsible for its 
persistence in the environment. It is believed that the 
legislation on controls of the groundwater pollutants, 
particularly MTBE, will be tightened in the future. 
However, the production and consumption of MTBE 
are still increasing in Europe. These are likely to 
result in more contaminated sites that require 
remediation in the future. 
 
Photocatalysis is a chemical process in which a wide 
range of organics, including MTBE, can be broken 
down into water, carbon dioxide and simple mineral 
acids. Photocatalytic oxidation of organics occurs in 
the presence of catalyst, light and oxygen. Titanium 
dioxide is the most widely used catalyst in 
photocatalysis as it is safe, economical and easily 
available. In photocatalysis, organic pollutants are 
actuallydegraded, whereas in other traditional 
methods, such as air-stripping and carbon adsorption, 
the organic pollutants are only transferred from 
groundwater to another medium. 
 
The research is about the use of a supportedcatalyst 
photocatalytic reactor to degrade MTBE and also the 
design and evaluation of an in situ remediation 
scheme. 
 
Publications in 2004: 
 
1. M. Chan, S. Rolt, R. Lynch, A. Orlov and R. 

Lambert, In Situ Clean-Up of Organics Contamination 
in Groundwater by Photocatalysis, EPSRC/ICE Research 
Showcase on Contaminated Land Remediation, 
Institution of Civil Engineers, London, January 2004. 

 
2. Orlov, A., Chan, M. S. M., Jefferson, D. A., Zhou, 

D., Lynch, R. and Lambert, R. M. (2005) 
Nanotechnology and Environmental Engineering: 
Photocatalytic Degradation of 4-Chlorophenol and 
MTBE on TiO2 Modified with Noble Metal 
Nanoparticles. Submitted to Journal of 
Environmental Engineering, American Society of 
Civil Engineers (ASCE). 

 
3. Chan, M. S. M., Rolt, S., Lynch, R. J., Orlov, A. and 

Lambert, R. (2004) In-Situ Clean-Up of Organics in 
Groundwater by Photocatalysis. Engineering and 
Physical Sciences Research Council (EPSRC) and 
Institution of Civil Engineers (ICE) Research 
Showcase, London, United Kingdom. March 2004. 

 
4. Lynch, R. J., Chan, M. S. M., Orlov, A. and Lambert, 

R. (2004) In-Situ Groundwater Clean-Up of MTBE by 



Photocatalysis. GQ2004 Groundwater Quality 4th 
International Conference, Waterloo, Ontario, 
Canada. 

 
5. Chan, M. S. M., Orlov, A., Lynch, R. J. and Lambert, 

R. (2005) In-Situ Groundwater Clean-Up of MTBE by 
Photocatalysis. To be published in Hydrological 
Sciences Journal 

 
 

 
 
Uchechukwu Duru 
Darwin College 
 
Supervisor:      Dr. Abir Al-Tabbaa 
Year:      2nd 
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 has 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. 
 
At the moment, different remediation techniques 
have been researched and developed for the clean up 
of these environmental contaminants with varied 
levels of success. In the case of soil contamination 
such techniques as soil stabilization, bioremediation 
has been advanced as efficient environmental clean up 
procedures.  
 
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 includes; laboratory scale 
simulation of projected climatic changes with the aim 
of investigating different biological and chemical 
processes in contaminated soil due to these changes. 
Contaminant mobility, speciation, degradation, soil 
geochemical parameters (pH, cation exchange 
capacity, redox potential), soil biological properties 
(soil microbial enzyme, microbial population 
dynamics) would be monitored. Observed changes in 
these processes would be modelled and correlated. 
These would enable suggestions on sustainable 
responses to soil contamination. 
 
Investigations will focus on different petroleum 
hydrocarbon and heavy metal contaminated soils in 
the UK. Climatic conditions being simulated are 
extreme conditions as predicted by the UK Climate 
Impacts Programme (UKCIP) studies. 
 
 

 
 
Francisco Hernandez-Martinez 
Churchill College 
 
Supervisor:      Dr. Abir Al-Tabbaa 
Year:      3rd 
PhD Topic: Implementation of the Wet Soil 

Mixing Method in Organic Soils 
 
Typical methods such as preloading and the use of 
geosynthetics have been used in the in situ 
improvement of peaty deposits. Recently, the mass 
stabilisation method together with the deep soil 
mixing method has had economical and practical 
advantages in comparison with those methods. 
However, one of the difficulties in applying these 
technologies to organic soils is that organic matter 
inhibits cementitious reactions responsible for 
strength gain. In fact, reactions between the soil, 
water and binding agents are still not well 



understood, even for inorganic soils, due to the large 
variation of properties between them. Therefore, the 
prediction of the behaviour for treated organic soils 
is still more complicated to estimate. 
 
The deep soil mixing method has been applied in the 
stabilisation of peat materials using two variants; dry 
and wet soil mixing. In the former, a dry powder 
binder is injected by compressed air into the soil 
while in the second a direct grout slurry injection is 
introduced into the deposit of soil. This research, 
however, only aims to understand the applicability of 
the wet soil mixing method applied to organic soils. 
For achieving this purpose, the behaviour of stabilised 
organic soils by adding cement as a binder is studied. 
Unconfined compressive tests are carried out using 
peat-cement specimens and sections of peat-cement 
treated scale columns. Thus, the unconfined 
compressive strength evaluated from specimens and 
scale columns is compared in order to find a 
correlation link with the real strength obtained from 
columns built in situ.  
 
In addition, in order to observe the effect of peat 
mixed with cement during different periods of curing 
time, in this study, micrographs of treated peat are 
taken at different periods of curing time using the 
Scanning Electron Microscopy and X-ray analysis. 
 
Publications in 2004: 
 
1. Hernandez-Martinez, F. G. and Al-Tabbaa A. 

(2004), Laboratory Strength Correlations for Cement-
Treated Peat. Geo-Trans 2004 Conference, July 27-
31, Los Angeles, CA. 

 
 

 
 
Michael Harbottle 
 
Research Associate 
 
Research: Robust Sustainable Technical 
Solutions to Contaminated Brownfield Sites 
 
There are two parts to this research - the first 
involved the assessment of sustainability of a number 
of commonly used remediation technologies, whilst 
the second is investigating potential improvements to 

such technologies. The work is part of the SUBR:IM 
(Sustainable Urban Brownfield Regeneration: 
Integrated Management – www.subrim.org.uk) 
research consortium.  
 
A method of assessing the sustainability of a 
particular remediation technology has been 
established, with particular emphasis on technical and 
environmental impacts. This is applied in two parts, 
with a multi-criteria analysis giving an indication of the 
overall impact of remediation whilst individual 
impacts are examined on a more detailed level. 
Typical impacts include emissions (including 
greenhouse gases), effect of transportation, use of 
raw materials, and impact on soil and water courses. 
In each case, a life-cycle approach is used, ensuring 
that effects that occur prior to and post remediation 
are considered, such as those due to quarrying of 
raw materials or the long term effects of disposal of 
contaminated waste offsite.  
 
Laboratory work is now in progress to identify 
potential improvements to the sustainability of 
currently used remediation technologies. This is 
especially considering long term impacts and 
durability. Studies include: 
 
1. Combination of in-situ stabilisation/solidification 
(S/S) and biodegradation. S/S is a rapid technique that 
allows swift redevelopment of contaminated sites, 
with the contaminants encased in a solidified mass. 
Biodegradation of organic contaminants within the 
solidified mass would ensure that they would not 
pose further risks in the future. 
 
2. Combination of deep soil mixing with 
biodegradation. Contaminants at depth may prove 
resistant to biodegradation due to a lack of oxygen, 
nutrients or even degrading organisms. Deep soil 
mixing can be used to introduce these as additives 
and ensure that they are homogenously applied.   
 
Further work is being performed as part of this 
project by Kaushal Joshi and Srinath Iyengar.  
 
Publications in 2004: 
 
1. Harbottle, M.J. Al-Tabbaa, A., Evans, C.W. 2005. 

The technical sustainability of in-situ 
stabilisation/solidification. Proceedings of the 
International Conference on Stabilisation/ 
Solidification Treatment and Remediation – 
Advances in S/S for Wastes and Contaminated 
Land, Balkema, 12-13 April 2005, Cambridge, UK 
(in press). 

 
 



 
 
Srinath R. Iyengar 
Hughes Hall 
 
Supervisor:      Dr Abir Al-Tabbaa 
Year:      1st 
PhD Topic: Innovative Cement Binders in 

Stabilisation/Solidification Treatment Systems 
 
There is an intrinsic need to explore innovative 
techniques for the redevelopment of contaminated 
site in addition to minimising the detrimental after-
effects of various forms of pollution. The 
stabilisation/solidification 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: 
 
- The limited information available on the long-term 

performance and durability of the treated 
contaminated soil as contaminants remain in the 
ground. 
 

- Limited suitability of this technique for fixing 
organic contaminants. 

 
- High alkalinity associated with the use of Portland 

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

- The environmental problems associated with the 
manufacturing of Portland cement in terms of the 
production of carbon dioxide as well as the 
energy intensiveness.  

 
Srinath started his PhD in October 2004 is working 
on a project within the interdisciplinary consortium 
SUBR:IM (www.subrim.org.uk). The objectives of his 
research include: 
 

1. Assessing the long-term effectiveness of 
stabilised/solidified contaminated site soil treated 
over 10 years ago. 

 
2. 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 cements. 

 
3. Investigating the development of more 

sustainable cement, whose production not only 
causes less pollution but is also less energy 
intensive as compared to Portland cement, for 
use in the S/S processes e.g. MgO cements. 
Furthermore, examining the incorporation of 
industrial by-products and waste within the 
developed cement.  

 
 

 
 
Heng Ji 
St Edmund’s College 
 
Supervisor:      Dr Kenichi Soga 
Year:      2nd 
PhD Topic: In situ remediation of DNAPL using 

Water Jet 
 
Heng started his research in Cambridge in October 
2003. He graduated from Nanyang Technological 
University in Singapore and did his MSc at the 
National University of Singapore in 2002.  
 
He is now working on the in situ treatment of 
contaminated soil and ground water. Dense Non-
aqueous Phase Liquids (DNAPL) have been widely 
used by the industry and are the major contaminants 
to the ground water. Because they are usually located 
at deep depths, the current treatment methods are 
not effective in removing these contaminants. The 
method of using a water jet is proposed as an 
efficient and cost-effective solution to the problem. A 
water jet is used to cut and replace the contaminated 
soil. Alternatively, treatment material such as Zero-
Valent Iron (ZVI) can be injected through a water jet 
and mixed with the contaminated soil to facilitate 
reductive dechlorination.  
 



The initial tests include the batch tests and column 
tests. Detailed information obtained from these tests 
will be used for the design of the tank experiments. 
 
 

 
 
Kaushal Joshi 
St Edmunds College 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 1st 
PhD Topic: Innovative materials in containment 

barrier systems  
 
I started my PhD at Cambridge from October 2004, 
after completing M.Tech. in ‘Soil mechanics and 
foundation engineering’ from IIT, Delhi (India). This 
research investigates the applicability of novel 
materials in in-ground containment barrier systems, 
both active systems as in Permeable Reactive Barriers 
(PRB) and passive systems as in Low-Permeability 
Barriers (LPB). For PRBs the intention is to provide a 
lengthened lifespan compared to conventional 
materials and to investigate the application of zeolite 
in a slurry form with the use of deep soil mixing 
techniques. In LPBs, employing cement-based 
materials, the intention is to improve the durability 
and physical integrity of the wall material and to 
immobilise any contamination that diffuses through 
the wall system in the longer-term. 
 
The material currently being investigated is a zeolite. 
Zeolites, like clays, are aluminosilicate minerals but 
they have a rigid three-dimensional molecular 
framework, which is very open and contain series of 
channels and cavities in which cations and water 
molecules are located and have a high degree of 
mobility. As a result zeolites have high cation 
exchange capacity, high sorptive capacity and are able 
to selectively take up some molecules into their 
porous structure, while rejecting others. In addition, 
in conventional cement-bentonite slurry systems, the 
presence of zeolite has been found to provide a much 
improved resistance to aggressive environments 
including acid and sulphate solutions.  
 
 

 
 
Cedric Kechavarzi 
 
Research Associate 
 
Research: Laboratory study of immiscible 
contaminant transport in unsaturated layered soils 
 
Subsurface pollutants that have a low solubility in 
water are often found at contaminated sites and 
present difficult problems for site remediation. These 
immiscible fluids are organic products called non 
aqueous phase liquids (NAPL), which are often 
associated with petroleum hydrocarbons or 
halogenated compounds used as industrial solvents. 
Direct human exposure to NAPL is rare, but NAPL 
reaching the aquifer and entrapped or at residual 
saturation in the unsaturated zone provide persistent 
sources of contamination. Hence, in order to 
implement efficient remediation measures at 
contaminated sites, it is imperative to locate the 
source of contamination and to evaluate the extent 
of the polluted area. This relies on the understanding 
of the contaminant behaviour under complex 
hydrogeological and field conditions. Improving this 
conceptual understanding with physical and 
mathematical modelling is essential. 
 
There is however little quantitative experimental data 
available describing the behaviour of nonaqueous 
phase liquids (NAPL) in unsaturated heterogeneous 
porous media. The effect of macro-heterogeneity on 
LNAPL migration and entrapment in the unsaturated 
zone was investigated experimentally by simulating 
LNAPL spills in layered soil systems consisting of 
sands with various textures. Two multiphase flow 
experiments were conducted in a two-dimensional 
flume (180 x 120 x 8 cm). Water and LNAPL 
pressures were measured vertically using hydrophilic 
and hydrophobic tensiometers, respectively. An 
image analysis technique was used to determine the 
two-dimensional saturation distribution of the fluids. 
Miniature resistivity probes were also used to 
measure vertical water saturation variations. The 
LNAPL spill simulations under heterogeneous 
conditions showed that the contaminant flow pattern 
and velocity was affected by the textural interfaces, 



leading to LNAPL entrapment and therefore to long 
term contamination scenarios. The results 
demonstrate that the LNAPL behaviour is strongly 
dependent on the on the water saturation at the 
layers interfaces and on the contrast in texture 
between the soil layers which lead to permeability 
and capillary barrier effects. Thus the knowledge of 
the water pressure and saturation distribution in 
unsaturated layered soil formations is critical to the 
correct prediction of LNAPL migration. 
 
Publications in 2004: 
 
1. C. Kechavarzi, K. Soga, T. Illangasekare (2004). 

Experimental investigation of the effect of textural 
interfaces on immiscible contaminant migration and 
entrapment in the unsaturated zone. In preparation 
for Journal of Contaminant hydrology. 

 
2. C. Kechavarzi, K. Soga, T. Illangasekare (2004). 

Study of infiltration and redistribution of LNAPL in the 
vadose zone using two-dimensional laboratory 
simulations. Submitted to Journal of Contaminant 
hydrology. 

 
 

 
 
Indu Kulasooriya 
Churchill College 
 
Supervisor:      Dr Kenichi Soga 
Year:      5th 
PhD Topic: Remediation of DNAPL using 

surfactant flushing 
 
Past field studies have shown that complete removal 
of DNAPL by in situ remediation technologies is not 
possible in most cases. Accepting such limitations, 
there is a need to evaluate the risk of groundwater 
contamination after source remediation. To perform 
the evaluation, the mass transfer processes on 
DNAPL sources, which have undergone remediation 
must be known. It is considered that a better control 
of mass flux coming out of the remediated source 
zone leads to a better plume management including 
natural attenuation processes. The mass transfer 
processes are governed by various factors such as 
source geometry and morphology, NAPL saturation, 

and groundwater condition including local flow 
around the source zone. In this study, tank 
experiments were conducted to quantify the 
dissolution behaviour of residual DNAPL sources of 
different geometries. Different levels of source zone 
removal were achieved by flushing surfactants in 
stages and the mass fluxes generated from the 
sources were measured at each stage of remediation. 
The experimental results show that the decrease in 
mass flux values are not proportional to the degree 
of DNAPL removal. 
 
 

 
 
Martin Liska 
Sidney Sussex College 
 
Supervisor:      Dr Abir Al-Tabbaa 
Year:      1st 
PhD Topic: Waste minimisation through 

sustainable magnesium oxide cement products 
 
Martin graduated from VSB Technical University of 
Ostrava in 2003 and obtained a MSc. Degree in 
Technology and Water Management. He joined the 
Geotechnical group at the University of Cambridge, 
Department of Engineering in October 2004.   
 
Martin is interested in utilisation of sustainable MgO 
cements in stabilisation/solidification (s/s) of various 
kinds of wastes, especially of  those which cannot be 
effectively stabilised when conventional binders are 
used. His research will be focusing on the following 
types of wastes: 
 

• Wastes with a high oil content; 
• Wastes with a high salt content; 
• Wastes with a high heavy metals content. 

 
He will also be looking into the production of 
waste/byproduct based artificial aggregates using 
MgO cements. Full physical and chemical 
characterisation of such aggregates will then be 
carried out with their subsequent comparison with 
natural aggregates and/or commercially available 
secondary aggregates.  
 
 



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

Whalley (Silsoe Research Institute) 
Year: 1st 
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 channeling 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 transported creating a 
downstream contaminant plume.  
 
The mentioned process of contamination has not 
been 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 I am 
currently focused on 2-D multiphase flows through 
unsaturated soil. The aim of this project is to extend 
the investigation of NAPL migration through 3-
dimensionally discontinuous and heterogeneous soil 
after remediation and provide key parameters that 
assess the long term risk. Taking into account the 
mass flux approach I will explore this problem via 
experimental and modelling work.  
 
 
 
 

Publications in 2004: 
 
1. P. Nikolopoulos, Connate Water Banking in Porous 

Media. MPhil Thesis, BP Institute, Cambridge 
University, 2004.       

 
 

 
 
Abir Osman 
Fitzwilliam College 
 
Supervisor:      Dr Abir Al-Tabbaa 
Year:      3rd 
PhD Topic: Sustainability and impacts of climate 
change are two issues that are now being increasingly 
addressed in almost all geotechnical construction 
processes.  Increasing the life of materials is one 
important aspect of its sustainability.  Implications on 
the design and necessary adaptation to take into 
account impacts of climate change must form part of 
the assessment for the durability of a construction 
material. Geotechnical materials are now frequently 
constructed in aggressive environments whether 
because of immediate contact with waste and/or 
contaminated water or because they are subjected to 
severe environmental stresses such as freeze-thaw or 
wet-dry cycles or prolonged less severe 
environmental stresses such as those anticipated in 
future climate change scenarios.  Soil-mixed materials 
are no exception with their wide ranging applications 
in geotechnical and geoenvironmental engineering. 
 
In geotechnical applications, soil mixing is commonly 
used for ground improvement of soft clays or the 
construction of retaining walls. One of the most 
common grouts used is cement-bentonite.  However, 
it is reported that the permeability of cement-
bentonite grouts increases considerably in the 
presence of certain solutions (e.g. 10% sodium 
sulphate) and cracking of cement-bentonite samples 
has been reported in the presence of saline solutions.  
Hence there is a need to improve the durability of 
cement-bentonite grouts. 
 
Treatability studies are an essential part of the design 
of ground improvement with binders. However, it 
have 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 has been 
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. 
 
Experimental work was first carried out to study 
some of the parameters affecting the permeability of 
cement-bentonite mixtures exposed to aggressive 
environments. The main targets investigated were: 
verifying the typical mix proportion, studying the 
effect of the bentonite and the cement ratios on the 
coefficient of permeability, studying the effect of 
aggressive environments on the performance of the 
grouts alone  as: salty water, acidic solutions, sulphate 
solutions, thaw- freeze cycles and dry-wet cycles), 
comparing the performance of sodium and calcium 
bentonite when exposed to the above mentioned 
environments, studying the effect of the total 
replacement of the bentonite with the zeolite as well 
as the partial replacement of the cement with zeolite. 
Laboratory immersion tests have been used to assess 
the chemical resistance of typical cement-bentonite 
mixes containing ordinary Portland cement, calcium 
bentonite, natural sodium bentonite and zeolite. 
 
Results showed that any increase in solid content will 
lead to a decrease in the coefficient of permeability. 
However, it is the cement hydration that is 
responsible for the decrease in permeability with 
time. The mixtures showed varying degrees of 
resistance to chemical attack with calcium bentonite 
mixes more resistant than those with sodium 
bentonite; they also provided higher density higher 
strength and higher strain in comparison to mixtures 
containing sodium bentonite. The partial replacement 
of cement with zeolite decreased the permeability of 
the calcium bentonite-cement mixture after 28 days. 
It also enhanced the sample sulphate resistance due 
to the zeolites’ unique property of absorbing some 
molecules into their porous structure. The resistance 
to chemical attack increased while increasing the 
zeolite content after 28 days. 
 
The work on grouts alone was then followed by an 
extensive experimental work on the performance of 
soft clays stabilised with cement-bentonite grouts in 
aggressive environments to address aspects of 
improvements with the incorporation of zeolite. This 
was carried out using mechanical mixing and 
compared with auger mixing using a laboratory-scale 
auger system. Properties investigated were 
unconfined compressive strength, permeability, 
secant modulus and microstructure (using scanning 
electron microscopy and X-ray diffraction).  Extreme 
climate change scenarios and severe chemical attacks 
such as freeze-thaw and wet-dry cycles, strong acids 
and salt solution environments were applied.  
 
The results of this work clearly indicated that 
stabilised soft clays are susceptible to attack in 

aggressive environments affecting their durability. The 
partial replacement of cement with zeolite did not 
affect the strength or permeability of the mix, 
indicating that the zeolite is involved in pozzolanic 
reactions. In addition, the use of zeolite within the 
grout mix offers a much improved durability. 
 
More research work is needed on the deep mixing 
stabilisation of soft clays. The auger mixing process 
was more successful for high water content clays, of 
around 100%, than for lower content clays, of around 
50% clay. It has been suggested that one way of 
improving the mixing of the latter clay is to initially 
inject water and mix with the soil to soften it and 
increase its water content before injecting the grout. 
This requires further investigation. The technique of 
constructing a wall of overlapping columns also 
requires further research. 

 

 
Cracking 
 

 
Columns of clay-grout mix 

 
 



 
 
John Page 
 
Supervisor:      Dr Kenichi Soga 
Year:      5th 
PhD Topic: A mass flux and partitioning tracer 

concept for DNAPL source zone characterisation 
 
Dense non-aqueous phase liquids (DNAPLs) 
represent one of the major sources of water 
pollution in natural subsurface media.  One typical 
DNAPL is tetrachloroethylene, or PCE, which has 
been used for many years as an industrial solvent and 
degreaser, and also in dry-cleaning processes.  
DNAPLs migrate downwards through the water table 
under the influence of gravity, with natural porous 
media heterogeneity commonly creating complex spill 
morphologies.  DNAPL mass dissolves into local 
groundwater creating a plume, and two of the most 
important controlling parameters are the saturated 
zone water flow velocity, v, and the DNAPL-water 
mass transfer rate coefficient, K.  However, both of 
these are typically developed and examined at small, 
1-D laboratory and pore scales, without detailed 
consideration of the significance of these parameters 
at larger scales representative of most contaminated 
porous media. 
 
New upscaled dissolution parameters have been 
identified in my research for assessing field-scale 
DNAPL source zones in terms of contaminant 
distributions and flow rate variations.  A new 
conceptual model has been developed which 
considers a source zone as a dynamic dual-flow 
region with temporal and spatial variations in DNAPL 
distribution and water-DNAPL interaction.  Two 
dimensional tank experiments with stochastically 
heterogeneous soil models are also being performed 
to validate the proposed model. 
 

Current studies are focussed on examining the effect 
of porous media heterogeneity on DNAPL mass 
transfer behaviour, and the end product of this 
research will be an innovative and integrated method 
for assessing source zone remediation in terms of 
risk assessment. 
 
Publications in 2004: 
 
1. DNAPL Source Zone Dissolution Behaviour: the 

significance of scale, flow velocity and mass transfer 
coefficients submitted to Saturated and unsaturated 
zone: integration of process knowledge into effective 
models workshop, Rome 5-7 May 2004.  

 
 

 
 
Ramesh Perera 
Trinity Hall 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 5th 
PhD Topic: Accelerated ageing of S/S 

contaminated grouts and soil-grout mixes using 
heating and carbonation 

 
Demand for a cleaner environment has increased 
over time. This has led to the development of various 
technologies to treat contamination both in-situ and 
ex-situ. Stabilisation and Solidification (S/S) is one 
such treatment technology which aims to transform 
contaminated land and other waste streams into 
environmentally safer forms. Treatment is achieved 
by contaminant capture in cement-based binders by 
physical and chemical mechanisms.  
 
Research has been widely carried out on the 
development of effective S/S processes for treatment 
of wastes and contaminated land. Unfortunately, 
most of these investigations have concentrated on 
evaluating the performance of these processes in the 
short-term and sufficient work has not been done on 
evaluating the performance in the long-term.  
However, it is very important to know and 



understand the long-term behavioural aspect of 
treated contaminated material, as this indicates 
whether these remained within acceptable threshold 
levels even after being subjected to the rigours of 
nature over long durations. This knowledge is needed 
for a treatment to be properly classified as being 
successful in the short -term as well as in the long-
term. However, although required, it is time 
consuming to conduct real-time investigations over 
long periods of time. Hence other means of 
evaluation, such as accelerated ageing techniques, 
should be adopted to predict long-term performance 
in a relatively shorter time. Very limited work is 
available on these methods at present.  
 
Accelerating the rate of reactions in cement-based 
products is one such possible method and is adopted 
in this study to see if it is feasible to predict the long-
term performance of S/S treated material. Elevated 
temperature and carbon dioxide are being used to 
accelerate the hydration and carbonation process 
respectively.  
 
Samples, comprising grouts and soil-grouts, were 
prepared and subjected to various combinations of 
the aforementioned two mechanisms. These were 
then tested for selected physical and chemical 
parameters over stipulated time durations. The 
trends obtained from such testing will be compared 
against samples which were exposed to real-time 
curing, under laboratory conditions. This information 
will be useful in predicting the performance of S/S 
treated material over time. 
 
The studies have now been completed, and several 
publications have been prepared based on these 
investigations. 
 
 
 
 
 
 
 
 
 

 
 
Sinéad Smith 
Clare College 
 
Supervisor: Abir Al-Tabbaa 
Year: 2nd 
PhD Topic:  Impacts of Climate Change on 

Pollutant Linkages 
 
Despite considerable uncertainty in predicting future 
impacts of climate change, evidence suggests that in 
the coming decades, the UK will be subjected to 
hotter and drier summers, warmer and wetter 
winters and increased storminess and heavier rainfall.  
These conditions are expected to have considerable 
impacts on the urban environment generally, and 
hence a requirement to address resulting problems 
and developing suitable mitigation and adaptation 
measures. 
 
In the context of contaminated land, sources of 
pollution that currently pose a low risk to the 
environment may become significant in the future if 
pollutant linkages form. Containment systems – 
landfill, treated or untreated contaminated sites, 
unengineered excavations – could also be affected.  
For example, stabilised/solidified (S/S) soils are a 
common feature of containment systems (e.g. barrier 
walls, S/S contaminated soil). The process uses 
cementitious materials to bind contaminants within 
the soil, thereby sequestering the pollutant at source. 
Where S/S soils are close to the surface or exposed 
to the atmosphere, their performance is considerably 
dependant on climatic factors. Ground temperatures 
and evaporation losses from the land surface will 
increase, with the potential to create fissuring and 
physical disturbance in soil and increase the risk of 
exposure of contaminated materials at the ground 
surface. Higher intensity rainfall will challenge the soil 
infiltration capacity and increase the risk of erosion 
and particulate spread of contamination.  The 
expected more cyclic behaviour around freezing point 
could impact on the durability of containment 
systems at shallow depth. It is vital that the effect of 
climate change on pollutant linkage be explored so 



that suitable protection measures can be 
implemented if required. The aim of the research is 
to quantify the short- and long-term impacts of 
climate change predictions. 
 
Short-term climate simulations for the 2050s and 
2080s were set up, with environmental conditions 
(temperature, humidity) being controlled over a two-
year period. Extreme conditions are currently being 
modelled. Various summer precipitation scenarios are 
modelled, including wet, dry and fortnightly wet-dry 
cycles, which represents both dry weather and 
intense rainstorms. In winter the samples are 
saturated to represent raised groundwater levels. 
Periodic testing is carried out during the climate 
simulation at 4 points: after the 1st summer, 1st 
winter, 2nd summer and finally after the 2nd winter. 
Tests are undertaken to determine the physical, 
chemical and biological properties of the samples, 
including: change in moisture content, strength, 
permeability, microscopic structure and X-ray 
diffraction analysis, cation exchange capacity, pH, 
redox potential. Preliminary results shown here 
indicate the extent of physical changes (change in 
moisture content, strength) after the 1st summer for 
uncontaminated S/S samples. 
 
For long-term climate simulations, accelerating ageing 
is being imposed to fresh samples of the same soils. 
This is being applied using an elevated temperature of 
60°C and a relative humidity of 98%. The 
uncontaminated soils are being cured for two periods 
of 6 and 18 months simulating the ageing of 15 and 45 
years corresponding to 2030 and 2050. The 
contaminated soils are being cured for 10 months 
corresponding to an accelerated age of 15 years i.e. 
2030. These aged samples will then be subjected to 
the same short-term 2-year climate simulation 
detailed above. This will provide details on the how 
those S/S materials will perform in the years 2030-
2050 subjected to short term climate change 
scenarios for the same treatment.  In addition, 
behaviour under cyclic conditions including freeze-
thaw and diurnal fluctuations, will also be investigated. 
 
 
 
 
 
 

 
 
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 quite 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.  
 
I joined the Geotechnical and Environmental 
Research Group in December 2004 to work on  
EPSRC funded research into novel cement 
formulations, which should allow making building 
products, which are made almost entirely out of by-
products or wastes from other processes such as 
pulverised fly ash (PFA). Moreover, these new 
formulations based on magnesium oxide (MgO), are 
claimed to have a superior ability for immobilisation 
of contaminants such as oil, salts or heavy metals, and 
investigating this is part of the project.  
 
Publications in 2004: 
 
1. L.J. Vandeperre, S.J. Lloyd, F. Giuliani, W.J. Clegg, 

Mechanisms Controlling the Hardness of Si and Ge, 
106th Annual Meeting & Exposition of the 
American Ceramic Society, April 18-21, 2004, 
Indianapolis, (paper AM-ECD-8-2004)  

 
2. D.M. Holmes, L.J. Vandeperre, R.J. Stearn, R.V. 

Kumar, W.J. Clegg, Surface Cracking of Tape-Cast 
Substrates in Photofine Structuring, 106th Annual 
Meeting & Exposition of the American Ceramic 



Society, April 18-21, 2004, Indianapolis, (paper AM-
S4-30-2004).  

 
3. L. J. Vandeperre and W.J. Clegg, The correlation 

between hardness and yield strength for hard materials, 
Materials Science Forum, Vol. 492-493, p555-560, 
2005 

 
4. L.J. Vandeperre, J. Wang, and W.J. Clegg, Effects of 

porosity on the fracture energy of brittle materials. 
Philos. Mag.,  84[34] (2005) 3689-3704. 

 
5. L.J. Vandeperre, F. Giuliani and W.J. Clegg, Effect of 

elastic surface deformation on the relation between 
hardness and yield strength. J. Mater. Res., 19[12] 
(2004) 3704-3714. 

  
6. L.J. Vandeperre, et al., Mechanisms Controlling the 

Hardness of Si and Ge. In Mat. Res. Symp. Proc., Vol. 
795, S.G. Corcoran, Y.-C. Joo, N.R. Moody and Z. 
Suo, Editors. 2004, Materials Research Society: 
Warrendale, PA,. p. U8.22.1-U8.22.6.    

 
7. L.J. Vandeperre and W.J. Clegg, Tailoring strains 

through microstructural design. In Mat. Res. Soc. 
Symp. Proc., Vol. 785, edited by Y. Furuya, E. 
Quandt, Q. Zhang and K. Inoue, (Materials 
Research Society, Warrendale, PA, 2004), pp. 
D11.41-D11.4.  

 

 
Detail of the microstructure of a mixture of MgO and PFA 
after 21 days of hydration. 
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Soil mechanics 
 
 
 
 
 
 
 
 
 
 

 
 
Helen Cheng 
Pembroke College 
 
Research Fellow 
 
Supervisor: Professor Malcolm Bolton 
Year: 5th 
PhD Topic: Micro-mechanical investigation of 

soil plasticity 
 
Soil plasticity modelling began with the 6-parameter 
models of the Cambridge school in the 1960s. The 
model proliferated strategies to address the 
deficiencies of continuum plasticity. Current models 
feature innumerable parameters of no physical 
significance, and they are of little value to practising 
engineers. This Ph.D. work investigated and modelled 
the plasticity of granular soil, taking crushing as an 
important micro-mechanical phenomenon. When 
grain crushing is introduced into computer 
simulations of soil agglomerates using the discrete 
element method (DEM), soil plasticity theory 
becomes more physically meaningful.  
 

In order to view granular interactions, a miniature 
oedometer equipped with a close-up camera was 
used to capture images during the compression 
process. Initial particle rearrangement and later 
particle breakage was observed at each stage of 
loading, and associated with the measured 
compression and hardening.  
 
Computational investigation was carried out using the 
PFC3D DEM program. Both the compression strength 
data of a batch of single-particles and the 
compression and shearing data of an element of 
agglomerates matched well with those of the silica 
sand.  
 
The plastic behaviour of this numerically-generated 
soil closely resembled that of the real sand. The yield 
surfaces of the simulations were elliptical on 
Cambridge-style (q, p’) plots and symmetrical about 
the p’ axis. The points of maximum deviator stress 
lay along lines of stress ratio M but a different flow 
rule instead of normality was observed, similar to the 
real sand. In particular, this gradient M was found not 
corresponding to the critical state.  
 
All stress-path simulations with q/p’ > M were found 
to satisfy the requirements of Stress-Dilatancy 
theory. In particular their yielding was best described 
using a unique Mohr Coulomb angle of internal 
friction φ, correlated with dilatancy rate. At zero 
dilation, a critical state friction angle φcrit was 
observed. It also coincided with the position of a 
critical state line on a e, log p’ plot. The peak angle 
(φpeak) developed in a variety of tests showed a unique 
correlation, reduced by progressive grain crushing as 
log σ1 increased.  
 
Publications in 2004: 
 
1. Cheng Y. P., Bolton M.D. & Nakata Y. (2004) 

Crushing and plastic deformation of soil simulated by 
DEM. Geotechnique 

 

 
Helen’s mini-oedometer tests give a colourful insight into 
the particulate behaviour of sand 



 
 
Yow Loong Kok 
Churchill College 
 
Supervisor: Dr Jamie Standing 
Year: 4th 
PhD Topic: Investigating the engineering 

behaviour and characteristics of residual soils 
 
The materials for the research are two residual soils 
of granitic and metamorphic sedimentary origin from 
Malaysia that were collected by hand-cut block 
sampling.  To investigate the engineering behaviour 
and characteristics of the residual soils (small-strain 
bulk and shear stiffnesses, K0 and shear strength 
parameters, compressibility characteristics and 
yielding behaviour), a series of K0 and isotropic 
consolidations, consolidated undrained shearing and 
drained probing tests are carried out in a traxial cell.  
The typical size of a triaxial sample is 100mm 
diameter and 200mm height.  In particular interest to 
the small-strain behaviour, all tests are instrumented 
with 2 axial and 3 radial LVDTs for measuring the 
local strains.  
 
To provide a comprehensive study on the 
engineering behaviour of the residual soils, 
Oedometer consolidation tests and routine 
classification tests are also carried out.  Scanning 
electron micrographs and X-ray diffraction analyses 
are performed to examine the soil structure.  SEM 
image of the metamorphic sedimentary soil and its 
parent rock are shown below: 
 
 
 

 
 
Fiona Kwok 
Churchill College 
 
Supervisor: Professor Malcolm Bolton 
Year: 1st 
PhD Topic: Micromechanical investigation of 

soil creep 
 
I joined the geotechnical research group in October 
2004. Before becoming to Cambridge I was working 
as a Geotechnical Engineer in an engineering 
consulting firm in the USA.  
 
My research is to investigate the creep phenomenon 
of soil with the use of a computer simulation which 
adopts the Discrete Element Method (DEM). The 
main objective of this new computational tool is to 
explore the micromechanical physics behind soil 
creep by replicating the real soil experimental data, 
ultimately leading to a better prediction of 
consolidation settlement. 
 
In high profile cases such as the preservation of the 
leaning Tower of Pisa and the unexpected large 
settlement of Kansai International Airport, creep 
(sometimes called secondary consolidation) has been 
the key phenomenon. My research is directed 
towards finding connections between creep, aging, 
secondary consolidation and rate effects by 
establishing micromechanical explanations. Presently, 
creep effects are dealt with empirically and listed 
variously under soil types and test conditions – e.g. 
‘one-dimensional secondary compression of Kansai 
Clay’, etc. By unifying our understanding of the 
fundamental physics of all these phenomena, decision-
making in the design process will be improved. 
 
 



 
 
George Marketos 
Trinity College 
 
Supervisor: Professor Malcolm Bolton 
Year: 2nd 
PhD Topic: An investigation of the conditions 

for formation of compaction bands 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. 
 
Recent research has succeeded in associating the 
plastic yielding of granular material to the breakage 
and subsequent rearrangement of particles thus 
providing a micromechanical mechanism in which 
deformation occurs. It has been also suggested that 
individual particles obey Weibull statistics, which 
were developed to quantify the behaviour of ceramic 
materials. Furthermore, advances in the field of 
experimental observations of stresses inside a 
granular material and parallel Discrete Element 
simulations have allowed for the probability 
distribution of a specific stress state inside soil to be 
investigated.  
 
My work is going to focus on trying to combine the 
above ideas so as to study the problem of formation 
of compaction and shear bands, which are observed 
in oil reservoir sandstones. These are thin tabular 
zones of reduced permeability that hence inhibit the 
flow and can trap oil between them, thus reducing 
the efficiency of wells. Controlled formation of 
compaction or shear bands in some desired direction 
could even mean channelling oil to the well, thus 
increasing its productivity. 
 
Experimental evidence suggests that such zones 
exhibit localised crushing of soil grains, which occurs 
at a direction perpendicular to the maximum effective 

stress direction. Using probabilistic methods to 
combine the probability distributions for grain size, 
the crushing stress of a single grain, and the 
possibility of the stress on a grain exceeding its 
crushing strength, I will try to answer questions such 
as which soils would preferentially deform in localised 
zones, and how these zones would propagate. 
 
This project will include mathematical (probabilistic) 
modelling, a Discrete Element investigation of the 
phenomenon and a review of data from real 
sandstones, either obtained from the field, or from 
laboratory tests. An account of some of the work 
completed until now can be found in [1]. This 
includes the reproduction of localised crushing in 
compaction bands by making use of the Discrete 
Element Method. The features observed resemble 
experimental observations of compaction band 
formation. 
 
Questions associated with this problem include the 
exact form of the stress distribution in a granular 
material, and the factors that might influence this, the 
variation of this distribution due to single or multiple 
grain-crushing, the dynamic propagation of 
compaction band (is it an instability like a crack?) and 
possible deviations from Weibull statistics for real 
material grains. Similar probabilistic analyses can be 
performed to study other phenomena in granular 
materials and it is hoped that the study of 
compaction and shear bands will shed more light into 
the ways of doing this. 
 
This work is funded by “The A. S. Onassis” and “The 
A.G.Leventis” Foundations of Greece. Other 
research interests include the seismic response of 
structures and more specifically retaining walls, and 
the application of Particle Image Velocimetry 
technique to the study of problems in Geotechnical 
Engineering (see relevant publication [2], which 
summarises my Cambridge M.Eng. Thesis). 
 
Publications in 2004: 
 
1. Marketos G. and Bolton M.D. (2005): Compaction 

bands as observed in DEM simulations. Powders and 
Grains 2005 Conference, Stuttgart, Germany. 
[accepted] 

 
2. Marketos G., and Madabhushi S.P.G. (2004): An 

Investigation of the Failure Mechanism of a Cantilever 
Retaining Wall Under Earthquake Loading. 
International Journal for Physical Modelling in 
Geotechnics, vol. 4, No 4. 

 
 



 
 
Ashraf Osman 
Hughes Hall 
 
Supervisor: Professor Malcolm Bolton 
Year: 4th 
PhD Topic: Predicting ground displacements in 

clay during construction 
 
The objective of structural design is to avoid states 
behind which the structure no longer satisfies its 
performance requirements. These states are known 
as limit states and can be categorised into ultimate 
limit states (ULS) and serviceability limit states (SLS). 
The occurrence of ultimate limit states endangers 
people, as it is associated with collapse and other 
forms of structural failure. The service requirements 
for the structure such as appearance, efficiency and 
durability are no longer met when the serviceability 
limits are surpassed. Limiting values of displacements 
or strains should be specified to define serviceability 
in terms of just acceptable conditions. Unnecessarily 
severe restrictions may lead to uneconomic design. 
Therefore, an accurate prediction of displacements 
under working conditions is required. 
 
In current design practice, there is a distinction 
between calculations for safety requirements and 
calculations for displacements. Plasticity theory is 
used in collapse calculations while elasticity theory is 
used to predict displacements. However, the stresses 
under working conditions are far from those 
obtained by plasticity theory, which predicts stresses 
at failure. The applications of elasticity theory are 
often complex and are based on an arbitrary 
equivalent modulus. Codes of practice do not deal 
with serviceability in any great depth. Factors of 
safety are introduced to make allowance for 
uncertainty in design values and to safeguard against 
deformation by factoring down the peak soil strength. 
However, there are different definitions and rules for 
selecting safety factors in design codes. Most of these 
definitions have shortcomings and fail to address the 
real nature of the soil, which always shows a non-
linear and sometimes brittle response. 

 
Therefore, there is a need for a simple unified design 
approach, which could relate successfully the real 
nature of serviceability and collapse limits to the soil 
behaviour. The designer needs a descriptive 
mechanism which embodies the working of any 
geotechnical facility. The mechanism needs to 
represent the equilibrium and displacements of the 
various soil bodies, especially at their junction with 
the superstructure.  This design approach could be 
based on the theory of plasticity accompanied by the 
introduction of the concept of “mobilisable soil 
strength”. The proposed design method treats a 
stress path in a representative soil zone as a curve of 
plastic soil strength mobilised as strains develop. 
Strains are entered into a simple plastic deformation 
mechanism to predict boundary displacements. 
Stresses are entered into simple equilibrium diagrams 
to demonstrate stability. Hence, the proposed 
Mobilisable Strength Design (MSD) method might 
satisfy both safety and serviceability in a single step of 
calculation. 
 
The successful application of this method in design 
practice relies on the appropriate selection of 
simplified mechanisms and the identifications of 
representative soil elements. Non-linear finite 
element simulations of a variety of geo-structural 
problems from a variety of initial conditions need to 
be carried out in order to predict soil behaviour. The 
finite element results will then be interpreted to 
produce simple models from the complex reality. 
 
The possible application of this simple method in the 
design and decision making is explored and illustrated 
for a variety of design problems such as retaining 
walls and shallow foundations. The validity of the 
MSD method is examined against complex non-linear 
finite-element analysis. The simple hand calculations 
of the MSD method are found to give reasonable 
results compared with complex analyses. The MSD 
method has been also used to back analyze the 
displacement behaviour of some case histories. The 
MSD predictions conform well to the measured data 
 
Publications in 2004: 
 
1. Osman, A. S., and Bolton, M. D. (2004), A New 

Design method for retaining walls in clay. Canadian 
Geotechnical Journal, 41(3): 451-466. 

 
2. Osman, A. S., and Bolton, M. D. (2004), Simple 

plasticity-based prediction of the undrained settlement 
of shallow circular foundations.  Accepted for 
publishing in Geotechnique. 

 
3. Osman, A. S., and Bolton, M. D. (2004), Ground 

movement predictions for braced excavations in clay. 
Submitted to ASCE Journal of Geotechnical and 
Geoenvironmental Engineering for review. 

 
4. Osman, A. S., and Bolton, M. D. (2004), A new 

approach to the estimation of undrained settlement of 
shallow foundations on soft clay. IS-OSAKA 2004: 



Engineering practice and performance of soft 
deposit, Osaka, Japan, 4-6 June. pp. 93-98. 

 
5. Osman, A. S., and Bolton, M. D. (2004), Avoiding 

excessive displacements: a new design approach for 
retaining walls. International conference on 
structural and foundation failures, 2-4 August, pp. 
559-568. 

 
6. Osman, A. S., Yeow, H. and Bolton, M. D. (2004), 

Estimation of undrained settlement of shallow 
foundations on London clay. International conference 
on structural and foundation failures, 2-4 August 
2004, pp. 443-454. 

 
 

 
 
Marcelo Silva 
 
Supervisor: Professor Malcolm Bolton 
Year: 4th 
PhD Topic: Effect of penetration rate on CPT 

resistance in saturated soils   
 
Marcelo Silva joined the Geotechnical Research 
Group of the CUED in September 2001 as a research 
student and has been working under the supervision 
of Professor Bolton. He has been studying the effect 
of penetration rate on the cone resistance within 
silica silt.  
 
Since most of the studies of penetration rate effects 
are based on saturated fine-grained soils, and in 
coarse-grained soils the effect is mostly encountered 
when the sand matrix is filled with clay content, 
intermediate soils such as silts are thought to give the 
whole range between fully undrained to fully drained 
penetration conditions. There are other factors that 
should also be taken into account when studying silt 
behaviours, but certain amount of focusing of the 
scope have to be considered. 
 
The silts being used in the centrifuge penetration 
testing are industrial silica flour, with grain size less 
than 30 micrometres. The clay content is not more 
than 5% in mass of total material. The silica flour is 

well-graded  so no distinction is made between fine, 
medium and coarse silts. It is just expected that the 
dilative and contractive behaviour of the silica silt will 
be due to the densification and overconsolidation 
processes. To have a wide range of pore pressure 
effect, three centrifuge tests were performed, each 
test having 4 penetration tests at different speeds. In 
total, 16 penetration tests in a type of soil model 
were performed. The soil models are normally 
consolidated, formed by depositional/sedimentation 
process, and densified (if necessary) by vibration 
process. 
 
Publication in 2004: 
 
1. Silva, M F and Bolton, M D (2004) Centrifuge 

penetration tests in saturated layered sands. In: Proc. 
of the 2nd International Conference on 
Geotechnical Site Characterization, September. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enjoying a dance at the Geotechnical Christmas Party 



 
 
 
 
 
 
 

Research area:  
Slopes and Landslides 
 
 
 
 
 
 
 
 
 
 

 
 
Elisabeth T. Bowman 
Newnham College 
 
RAEng Research Fellow 
 
Since August 2002, I have been a Royal Academy of 
Engineering Postdoctoral Research Fellow in the 
Geotechnical research group in Cambridge. My project 
is entitled: “The Mechanics of Granular Slides” and is 
designed to investigate the fundamental link between 
macro-scale behaviour of granular land and flow slides 
and micro-scale structure and deformation. The 
ultimate aim of the research is help mitigate risk from 
one of the most common mountain hazards – namely, 
rapid mass movements of soil and rock. 
 
Project details 
This research focuses on two puzzling and interesting 
slide phenomena. The first is that large-scale rock 
avalanches travel much further than would be 
expected compared with smaller scale avalanches. 
That is, avalanches involving volumes greater than 
one million cubic metres (called ‘sturzstroms’) travel 
typically 2 or 3 times further than a linear up-scaling 

of smaller events. This suggests that different 
mechanism(s) may be involved at large scale than at 
smaller scale. The result of this surprising behaviour 
was most recently felt in September 2002 when over 
100 people were killed in North Ossetia in the 
Russian Caucasus as an ice and rock avalanche buried 
a hamlet. It is believed that the avalanche travelled at 
over 90m/s. 
 
The second area of interest is debris flow mobility. 
Questions include: what influences how far and how 
fast a debris flow will travel? What influences how 
much a debris flow will grow by entraining material in 
its path? Debris flows occur regularly in the 
mountainous parts of Asia, Europe and South 
America and are responsible for hundreds of deaths 
each year and millions of pounds in damages. 
 
These issues are of increasing worldwide importance, 
as populations grow and inhabit more marginal land and 
climate change increases landslide risk in many areas. 
The goal is to improve methods of prediction of risk 
and to allow new techniques of prevention to be 
optimised by revealing the governing processes behind 
the behaviour we observe in the field. 
 
Three experimental sub-projects have developed 
from this work so far, involving formal and informal 
collaboration with researchers and technicians from 
other disciplines and universities.  
 
Flume Tank Debris Flow Project 
For this sub-project I am acting as Project Supervisor 
to Emma Pooley who is a MEng student in her final 
undergraduate year. She is examining the role of 
particle size, bed geometry and density on 
entrainment of material by debris flows. For this, she 
is using GeoPIV (see White & Take, 2002) to track 
velocity fields in a small experimental debris flow 
apparatus. 
 
This project uses a 1-g instrumented ‘flume’ tank 
designed to enable otherwise identical debris flows to 
be examined in a sub-aerial and a submerged 
environment. Material (varying amounts of soil and 
water) is released from a hopper, leading to a slope 
down which it travels until it reaches a control point, 
where measurements are taken. The angle of the 
slope can be varied, as well as the height of the 
hopper to vary the speed of flow. A high-speed 
camera is set up to look through a large glass window 
on the side of the flume. There are also pore 
pressure transducers in the base and sides of the flow 
flume and beds of different thickness and density can 
be made. High-speed GeoPIV analyses are performed 
on the test results to examine issues such as the 
influence of water, particle size distribution and 
volume on runout. 
 
We have decided that Emma should concentrate on 
determining the effect of particle size on debris flow 
mobility. The reason for this choice is that particle 
size is relatively easy to measure from field samples, 
using simple sieves, coupled with visual methods for 



large size particles (e.g. boulders). Also, Hazen’s 
formula, which uses D10 to estimate permeability, 
appears also to influence debris mobility in the 
literature. The idea is to reduce some of the 
complexity of debris flow behaviour to some very 
simple rules based on easily measured parameters. 
 
Drum centrifuge debris flow project 
The second project is designed to examine the same 
type of debris flow events on a drum centrifuge to 
allow the examination of the issues mentioned above 
at correct model stresses. This research is being 
undertaken in collaboration with the Eidgenössische 
Technische Hochschule Zürich (ETHZ) at their 
facility in Switzerland. Together, Dr Jan Laue, Prof. 
Sarah Springman and Mr Adi Zweidler of ETHZ and I 
have designed a curved channel to sit inside the 
ETHZ centrifuge.  
 
During the debris flow tests, material is introduced 
externally by a flexible pipe to the head of the slope. 
Fluid pressures are measured via miniature pore 
pressure transducers, while the flow is captured 
visually by a high-speed camera, mounted obliquely 
on the drum. 
 
Rock avalanches project 
The third project involves the experimental study of 
rock avalanche or ‘sturzstrom’ mechanics, both at 1-g 
and on the beam centrifuge at Cambridge. The idea is 
to examine the influence of material-type and 
topography on dry avalanche mechanics. The initial 
design of this apparatus and first series of tests were 
carried out in collaboration with Dr Andy Take, 
formally of CUED, now at Queen’s University, 
Ontario. 
 
The apparatus consists of a plane-strain centrifuge 
box in which is placed a small slab-shaped box 
containing dry granular material. The box is attached 
to a slope down which the material is released via a 
trapdoor while being digitally photographed at high 
speed. A frame to hold the research group’s high-
speed camera is designed to interface with the 
experimental arrangements of other researchers who 
are interested in using the camera on the centrifuge.  
Most centrifuge tests take a great deal of preparation 
time, and hence only one or two are performed each 
day. Given how quick each test of our series would 
be to carry out, we felt we could allow multiple tests 
on the centrifuge each day if we could reduce the 
preparation time for each test. This would only be 
possible if each test had the same payload and the 
same balance calculations and thus, no change to the 
counterweight. To allow this, each different slope is 
made of wood with lead weights inside so that each 
block is the same weight, despite the widely varying 
dimensions. This means the arrangement can be 
changed inside the box, with no alteration to the 
counterweight. For the first set of experiments this 
allowed seven tests to be carried out in one day. 
The preliminary results of these experiments suggest 
that the fragmentation of rock (or coal, which is the 

analogue material being used) is a major factor in the 
run-out of large-scale rock avalanches. 
 
Other interests 
As a Fellow of Newnham College, I have continued 
to act as a supervisor in structural mechanics. I have 
also lecturered on the graduate module “Advanced 
Experimental Methods in Geomechanics” and 
undergraduate module “Ground Engineering”. 
 
 

 
 
Y. S. Lee 
Churchill College 
 
Supervisor: Prof. Malcolm Bolton 
Year: 1st 
MPhil. Topic: Stability problems of fill slopes  
 
I am currently an MPhil. student under the 
supervision of Prof. Malcolm Bolton. I am particularly 
interested in the investigation of failure mechanisms 
of loose granitic fill slopes in Hong Kong. 
 
Old fill slopes constructed by end-tipping in Hong 
Kong are particularly prone to landslide during heavy 
rainfall. Some of the failures caused severe 
consequences, example including Sau Mau Ping 
disasters in 1976, eighteen people were killed. 
 
It is obvious that most of the loosely compacted fill 
slopes failures were triggered during or shortly after 
intense tropical rainfall. Static liquefaction has been 
documented as one of the reasons of the loose fill 
slopes failures. However, it has not yet been shown 
in any physical modeling and failure mechanisms of 
the fill slopes are still not fully understood.  
 
Slopes made by end tipping of CDG are inevitably in 
a very loose state and probably consist of layers 
parallel to the slope surface. Coarse materials will be 
segregated and hence buried by fine material. In this 
circumstance, layering effects can be very significant. 
Therefore, an alternative hypothesis, with a 
transformation from a flow to a slide failure 
mechanism, of the fill slopes was proposed.  



 
The use of Schofield Beam Centrifuge with the newly 
purchased high speed camera (Phantom V5) is 
planned to simulate and observe the underlying 
mechanisms of the landslides.  
 
In the first centrifuge test, a more permeable thin 
gravel layer was covered by the granitic fill to 
investigate the flow to slide mechanisms. Soil 
deformation and pore pressure variation of the fill 
slope model were measured by the Particle Image 
Velocimetry (PIV) technique and pore pressure 
transducers respectively. Simple shear was observed 
at the crest of the slope while the centrifuge was 
spinning up to the required gravity level. The slope 
did not fail, perhaps due to through gapswater 
leakage to the gaps between the strong box and the 
model slope.  
  
OUTCOME: The principal and general trend of the 
loose fill slopes failure mechanisms can be 
investigated by the centrifuge tests and hence help in 
reviewing current slope design method and also 
further help in deciding slope stabilisation strategies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Tea time at the Schofield Centre 
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G Senthil Arasu 
St John’s College 
 
Supervisor: Professor Malcolm Bolton 
Year: 1st 
PhD Topic: Axial  pipe-soil interaction study 
 
The year 2004 emerged with an offer of admission 
for a Ph.D. from the University of Cambridge 
followed by challenges. I took it with the generous 
contribution of funds from Cambridge 
Commonwealth Trust and the Department of 
Engineering. St. John’s College was kind enough to 
regard me as one of its members.  
 
I broke four years of industrial tenure and took the 
decision to start the PhD. It was my long-standing 
aspiration. With scintillating research work being 
performed at the Schofield Centre, this enhanced my 
thirst to be a research scholar. 
 
Three years of industrial exposure in the field of 
offshore construction fascinated me and paved the 
way to inculcate interest in the above field. With the 
same tempo, I have initiated my research in the area 

of pipe-soil interaction of deepwater high pressure 
and high temperature (HP/HT) flow lines (Gas / Oil). 
The HP/HT pipelines are subjected to complex state 
of stresses including cyclic thermal perturbations.  
The consequences of cyclic thermal stress being: 
walking of pipeline on the seabed, distress of 
members connecting the pipeline to the manifolds, 
thermal loops and riser bottom at the platforms. It 
also reduces the touchdown tension at the bottom of 
catenary risers and leads to failure. 
 
The core objective of the research is to understand 
the behaviour of axial pipe - soil interaction of 
unburied subsea pipelines with the seabed, under 
thermally cyclic excitation. The aim is to identify the 
parameters that influence the above behaviour and to 
study their impacts. Also, we aim to demonstrate 
that a pipeline can walk on the seabed for few 
metres. Eventually, a design guideline for axial pipe-
soil interaction will be developed to disseminate the 
results for immediate application. A series of model 
and actual pipe experiments are proposed to 
accomplish the objectives. The above research is a 
part of a joint industry project SAFEBUCK PHASE II, 
organized by a conglomerate of oil companies, 
consultants, contractors, manufacturers, research 
institute and academic institution. 
 
 

 
 
Masoud Bonab 
 
Research Associate 
 
I have been working in Geotechnical Group of 
Cambridge University for 15 months, involved in two 
projects: 
 
Pipeline Buckling in seabed 
  
Following previous soil-pipeline interaction research 
at the Schofield Centre, full-scale tests were carried 
out on a very light full-scale oil pipeline 1.0m long 
sitting on a 4.5m (L) x 1.25m (W) x 0.6m (H) tank of 
West African clay.  The desired soil strength was 
achieved by applying vacuum. The major focus of the 
study was the interaction between the soil and the 



pipeline. Similar tests were also performed in dry and 
saturated sand. Simple analyses for predictions of 
some of the phenomena observed were also given. 
Simple design formulae were provided based on the 
results of the two studies.  
 

 
Sand test in the large tank 

  
Catenary Riser-Soil Interaction in Touchdown 
  
The point at which the riser touches down on the 
seabed has caused concern in the industry as it is 
feared that contact may develop in such a way that 
the riser becomes overstressed. Different studies 
have shown that riser strength and fatigue response 
are influenced by the seabed soil and its local 
geometry in the touch down region. The nonlinear 
stress-strain behaviour of soil, the consolidation and 
remoulding of soil (and associated changes in shear 
strength), trenching and backfilling, hysteresis, strain-
rate and suction effects will all affect the loads 
imparted on the riser. 
 
Twenty-two pipe-soil interaction tests have been 
carried out in a new tank designed for this study 
using a two axial controlled actuator. The soil used in 
the study was a clay from offshore West Africa which 
was artificially pre-consolidated under surcharge and 
then homogenised. All tests were carried out on a 
stiff, aluminium pipe section with a diameter D = 
102mm and a length L = 4D. Pore pressures were 
measured at the pipe-soil interface at a number of 
locations. A load cell on the pipe support plates was 
used to obtain the net soil forces P (horizontal) and 
Q (vertical) on the pipe. Actuator speeds during the 
final pipe-soil interaction phases were either “slow” 
(5mm/s) or “fast” (100mm/s). The forces P and Q 
due to horizontal sweeping H from the centre of a 
preformed trench of width 3D and depth h, were the 

focus of investigation in 8 tests. An approximate 
limiting failure surface (i.e. load combination that 
would lead to failure and pipe movement) for deep 
embedment was defined. 
 
The ratio of vertical pull-out force to push-in force 
was the focus of 14 tests, in which the pipe was first 
embedded to 0.25D or 0.5D below a level soil 
surface and consolidated at different degree of pore 
pressure dissipation. 
 
Cyclic displacements that do not lead to pull-off only 
increased the tensile strength of the interface due to 
the longer period for consolidation; cycles that do 
pull the pipe off cause scour and therefore tend to 
eliminate tensile strength. 
 
 

 
Actuator in the new tank 

 
Publications in 2004: 
 
1. Bolton, M.D., Bonab, M.H., Cheuk, C.Y. & White, 

D.J., (2004), Modelling of soil-pipeline interaction for 
large amplitude deflections Report for the Safebuck 
Joint Industry Project, No. SC-CUTS-0401-R8, 
Cambridge University Technical Service, 
Cambridge. 

 
2. Bolton, M.D., Bonab, M.H., White, D.J., (2005), 

TOUK Catenary Riser-Soil Interaction Testing  Report 
prepared for Technip company, No. SC-CUTS-
0501-R00, Cambridge University Technical Service, 
Cambridge. 

 
 



 
 
Tzi Piau Cheong 
Hughes Hall 
 
Supervisor: Dr Kenichi Soga 
Year: 3rd 
PhD Topic: Analysis of three-dimensional soil-

pipeline interaction 
 
Our community needs energy to produce essential 
goods and services as well as sustenance of life, 
especially in cold weather countries. Pipeline systems 
play an important role in this matter because pipeline 
systems (i.e. gas, oil and water pipelines) are efficient 
and reliable conduits widely used today to transmit 
energy to the society. Therefore a better 
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 modeling of buried pipelines 
as well as looking seriously the aspects of soil-pipeline 
interaction modelling subjected to lateral and upward 
ground loading. However, the most prominent 
perhaps is to produce a design code and design 
guidelines which will be of direct benefit to practicing 
pipeline engineers.  
 
It is proposed to consider the following future work: 
 
• Soil restraint against vertical and longitudinal pipe 

motion plays an important role for analysing a 
buried piping system. Appropriate soil resistance 
functions for upward, downward and longitudinal 
loading should be formulated. The magnitude of 
the differences should be outlined and further 
discussion should be drawn. 

 
• Sensitivity of the pipeline integrity and ultimate 

strain capacity of the pipeline need to be checked. 
Pipeline geometry with different wall-thickness, 
radius curvature, initial bending angle, pipeline 
diameter and burial depths would be worthwhile 
to be assessed for preventing the breakage of the 
pipeline. 
 

• A further point that needs to be verified is the 
use of more advanced soil model (i.e. 3-D Nor 
Sand model). Further work should be carried out 
to compare both Mohr-Coulomb and the 
advanced models to observe if there is any 
significant discrepancy in dense sand conditions. 
 

• Full-scale finite element (FE) model should be 
conducted to simulate the real experiment 
carried out at Cornell University by Yoshizaki et 
al (2003). The purpose is to validate the 3-D FE 
soil-pipeline model. 

 
• The effect of initial stress state in 2-D problems 

should be carried out. This is to check how the 
active and passive pressure might affect the force-
displacement relationship.  

 
Implementation works on all the soil-pipeline 
interaction models are anticipating the use of 
ABAQUS as the finite element analysis software. The 
approach to the soil-pipeline structural modelling is 
to simulate the pipe as a 3-D shell element and the 
surrounding soil as a continuum 3-D solid element. 
Two types of soil model have been used in the 
simulation: Mohr-Coulomb and Nor-Sand soil 
models. 
 
As a conclusion, the basic hypothesis conceptual of 
this research is therefore: 
 
To improve the understanding of soil-pipeline 
interaction problems and to develop a reliable full-
scale FE soil-pipeline model which aim to directly 
benefit to practicing pipeline engineers in preventing 
damage of buried pipelines.  
 
Publications in 2004: 

1. Cheong, T. P. and Soga, K. (2005), Numerical Study 
of Global Soil Shearing on Pipeline. Report submitted 
to Tokyo Gas Ltd, Tokyo, Japan. 

 
2. Cheong, T. P. and Soga, K. (2004), Three-

Dimensional FE Analyses of Soil-Pipeline Interaction. 
Report submitted to Tokyo Gas Ltd, Tokyo, Japan. 

 
 
 
 



 
 
Johnny Cheuk 
Clare Hall 
 
Supervisor: Professor Malcolm Bolton 
Year: 4th 
PhD Topic: Sea bed soil mechanics 
 
As a major component of my PhD program as well as 
for the joint industrial project (SAFEBUCK)[1], full-
scale tests have been conducted to shed light on 
lateral soil-pipeline interaction. The investigation was 
conducted in a huge test tank at the Schofield 
Centre. A segment of a prototype oil pipeline with an 
outer diameter of 0.28 m was partially embedded in 
E-grade Kaolin clay. The pipe was pulled laterally up 
to a displacement of 7 diameters for several cycles to 
simulate expansion and contraction of the pipeline 
when it is heated and cooled consecutively. The force 
required to sweep the pipe across the model seabed 
and the associated pipe movements were recorded 
so as to provide guidelines for design purposes. 
 
An unusual opportunity to carry out tests on a 
natural seabed clay was offered by TotalFinaElf E & P 
Congo[2]. Approximately 2m3 of soft plastic clay 
collected from the coast of West Africa was 
transported to the Schofield Centre and re-
consolidated in the test tank. In collaboration with 
Dr. Dave White, a series of tests was conducted to 
explore the differences between the behaviour of 
artificial and natural clay in terms of lateral soil-
pipeline interaction. It was found that the natural clay 
had a more sensitive structure, which may collapse 
and lose its strength upon shearing. This has 
important implications in practical terms, as 
conventional in-situ testing methods would 
overestimate the soil strength leading to non-
conservative designs. 
 
The results of the full-scale tests have encouraged the 
development of a miniature test package, which 
requires smaller amount of soil, to examine the 
behaviour of different seabed soils since it is not 
always possible to extract several cubic meters of 
real soil for testing. Several different natural soils are 
tested on the mini-drum centrifuge and the results 
are used to verify the proposed design guidelines 

which intend to cover a variety types of soil. The 
comparison between the results from centrifuge 
modelling and those from full-scale experiments is 
also of great interest as it sheds further light on the 
scaling problem in small-scale physical modelling. 
 
The scaling problem is further investigated by uplifting 
an initially buried pipe section in a calibration 
chamber. The uplift failure mechanism is studied using 
newly developed digital image processing techniques 
(PIV), which allow the developing failure mechanism 
to be analysed at very small intervals of strain 
(0.01%). Sands with different particle sizes, at 
different densities, are used to identify the 
dimensionless groups governing shear plane 
formation, which is also a very controversial issue in 
the study of soil mechanics. The results will clarify 
particle size and model scale effects in progressive 
failure mechanisms. 
 
Publications in 2004: 
 
1.  Bolton, M.D., Bonab, M.H., Cheuk. C.Y. and 

White, D.J. (2004). Modelling of soil-pipeline 
interaction for large amplitude deflections. Report 
submitted to Boreas Consultants Ltd. SC-CUTS-
0401-R8 

 
2. Cheuk, C.Y., White, D.J. and Bolton, M.D. (2004). 

Deformation mechanisms during uplift of buried pipes 
in sand. Proceedings of the International 
Conference of Soil Mechanics and Geotechnical 
Engineering, Osaka, Japan [In press]. 

 
3. White, D.J., Cheuk, C.Y., Bolton M.D., Joray, D.H. 

Maconochie, A. and Springman, S.M. (2005). An 
investigation into the vertical bearing capacity of 
perforated mudmats. International Symposium on 
Frontiers in Offshore Geomechanics, Perth, 
Australia. [In press]. 
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Andrew D. Deeks 
Gonville & Caius College 
 
Supervisor: Dave White 
Year: 1st

PhD Topic: Displacement piles in sand 
 
I started my PhD in October 2004, having completed 
my undergraduate studies at the University of 
Cambridge in the summer of that year.  I have 
benefited greatly from the Industrial sponsorship of 
Giken Seisakusho during my masters studies, leading 
to two months of fruitful and enjoyable field-testing 
conducted at their test site in Kochi Japan. 
 
The strength and stiffness of a pile foundation is 
influenced by the installation method. Conventional 
design methods rarely take into account the 
increased strength and stiffness that can be achieved 
from using the most efficient piling techniques. There 
is scope for improved design efficiency if the higher 
strength and stiffness can be predicted and utilised in 
design. If a foundation can be constructed from a 
smaller number of stiffer piles, economies of cost, 
construction time and environmental impact through 
reduced material use could result. 
 
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 technology allows pre-formed 
displacement piles to be installed without the 
environmental impact of dynamic methods.  Pile 
jacking is therefore well-suited to the urban 
environment. 
 
Using cyclic shear box testing under a constant 
normal stiffness regime previous researchers have 
demonstrated shear band contraction at the soil-pile 
interface, with subsequent loss of normal stress and 
friction capacity. 
 

My research aims to amalgamate the effect of load 
cycles applied during pile installation and the 
subsequent loss of pile stiffness and strength with the 
observed loss of normal stress in cyclic shear box 
testing.  Experimental centrifuge modelling and field 
testing will be used to validate numerical modelling.  
 
I have conducted my first set of centrifuge tests.  This 
involved modelling the differing installation processes 
of pile-jacking and driving.   Basic displacement 
controlled cycling enabled this.  Control systems are 
being developed to enable more advanced cycling 
regimes to be explored.  
 
The financial support of the Schiff Foundation and 
Giken Seisakusho Co. Ltd., which enable me to 
pursue this research is greatly appreciated. 
 
Publications in 2004: 
 
1. Deeks A.D. An investigation into the strength and 

stiffness of jacked, driven and bored piles. MEng 
report Cambridge University Engineering 
Department. 

 
2. Deeks A.D., White D.J. & Bolton M.D. A 

comparison of jacked, driven and bored piles in sand. 
Proc. 17th ICSMGE, Osaka, 2005. 
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Yueyang Zhao 
Magdalene College 
 
Supervisor: Professor Malcolm Bolton 
Year: 2nd 
PhD Topic: Improved knowledge of soil stiffness 

for the design of foundations in sand. 
 
Research tools: 
 
New works sometimes require new tools. Two such 
tools or methods are being developed and used by 
the author: (1) use of seismic testing (accelerometers 
and air hammers) to monitor in situ changes (Figure 
1); (2) a small sized pressuremeter, capable of 
measuring very small strains (Figure 2). 
 
The mini pressuremeter provides a small to medium 
strain in-situ investigation tool to compliment the in- 
flight CPT and the seismic testing. Its current design 
is workable, cheap and produces repeatable results 
and predictable system compliance. Currently it is 
being adapted for the centrifuge with the capillary 
volume gauge being monitored by digital cameras, and 
subsequently processed by image analysis, e.g. PIV. 
 
Research directions: 
 
Reaffirm the suspected 
Our previous work indicated a small but definite shaft 
upon base interaction. Demonstrating that this is in 
general the case will provide a sound experimental 
base for the current treatment of shaft and base 
independently and will help to resolve related issues 
such as O-cell load test data interpretation and the 
pile size effect on qc. 
 
Opening an exciting new frontier 
The directional distribution of G0 is currently the 
most favoured method to quantify in situ fabric. So 
far experiments are limited to measuring G0 to 
determine initial anisotropy; its real value perhaps lies 
in the ability to continuously monitor fabric response 
to fast changing boundary conditions; this will pave 
the way for soil modelling with fabric and open the 
door to the ability to model numerically the entire 
pile driving process, for example. 
 

Cambridge is one of the laboratories which have the 
capability for this work. The dynamics group provides 
experience and equipment, and the centrifuge means 
realistic and well defined modelling. The experimental 
study of the construction process on soil fabric 
development will eventually lead to realistic 
numerical modelling of demanding construction 
processes. 
 
Semi empirical work with immediate practical 
use 
The prediction of driven pile load settlement curves 
and ultimate capacity is currently too tricky to model 
numerically; e.g. effect of pile installation on the 
stress and fabric, therefore subsequent soil response 
is not modelled. The problem can perhaps best be 
approached semi empirically. The more frequent use 
of pressuremeter combined with seismic CPT offer 
several ways forward: 1) seismic CPT measured G0 
can be used with stiffness degradation curve back 
analyzed from pressuremeter to supply simple non-
linear elastic soil model for FE modelling of 
settlement behaviour up to working load; 2) CPT qc 
is shown to correlate the in situ soil state to the 
crushing-portion of the critical state line; numerically 
simulated pressuremeter data are shown to correlate 
the in situ soil state to the pre-crushing portion of 
the steady state/critical state line; hence CPT and 
pressuremeter together can determine uniquely the 
in situ soil state; this information can then be used in 
sophisticated state dependent constitutive FE models, 
to obtain settlement and capacity behaviour beyond 
working load up to the ultimate conditions. 
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Peter J. Bennett 
Wolfson College 
 
Research Fellow 
 
I joined the group in April 2004 to work on the 
monitoring and assessment of aging infrastructure. I 
have a background in optical fibre technology and a 
particular interest in developing a distributed optical 
fibre strain sensor for use in geotechnical 
applications.  
 
The most significant advantage of the distributed 
optical fibre strain sensors is that the strain is 
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 field trials to demonstrate the 
application of this technique in foundations tunnels 
and pipes. 
 
Working in collaboration with Cementation 
Foundations Skanska, distributed optical fibre strain 

sensors were demonstrated at the BRE test site 
Chattenden, Kent. They were installed alongside 
conventional vibrating wire strain gauges, in a pile 
group. Strains were monitoring during a load test and 
the two systems shown to give the same values, with 
the optical fibre sensors have the additional 
advantage of giving the full strain profile down the 
pile.  
 
The practical application of the system for piled 
foundations is being tested in a longer term field test, 
again in collaboration with Skanska. The distributed 
strain sensors were successfully installed at 
Bankside123, London SE1. This site will allow the 
comparison between vibrating wire strain gauges, 
fibre Bragg gratings (installed by City and Cranfield 
Universities) and the distributed strain sensing 
(BOTDR) installed by a group of us from Cambridge.  
 
Distributed optical fibre sensors were also installed in 
the Thameslink tunnel at King’s Cross to monitor the 
deformation during adjacent tunnelling under 
contract 103 of the Channel Tunnel Rail Link. The 
fibre was attached around a number of sections and 
running along the Victorian masonry tunnel. 
Continuous monitoring allowed the deformation to 
be monitored throughout the tunnelling process. 
Large strains were observed (> 1000 microstrain), 
but all within the design parameters. 
 
The application of BOTDR for monitoring pipes was 
demonstrated at the King George V reservoir, 
Chingford, in collaboration with Thames Water. In 
this trial the effect of pipe-jacking on an existing 
concrete pipe was monitored. In addition to the 
settlement rods installed by Eduard Vorster, optical 
fibres were installed along the crown of the pipe. The 
results show how the pipe bends before moving 
across the joints. 
 
I am looking forward to further developments in this 
field and am always looking for new and interesting 
sites. I would like to acknowledge the support of CMI 
and thank all those individuals and companies that 
have I have worked with over the past year who 
contributed to making the field trials such a success. 
Finally I would like to thank my colleagues in the 
Geotechnical and Environmental research group, 
particularly those who were dragged out onto site to 
help me. 
 
 



 
 
Xavier Borghi 
Clare College 
 
Supervisor: Professor Robert Mair 
Year: 4th 
PhD Topic: Soil conditioning and lubrication for 

tunnelling and pipe jacking 
 
Research background 
The tunnelling machines operating on the Earth 
Pressure Balance (EPB) principle allows safe 
excavation of large diameter tunnels in soft ground. 
Interactions with nearby foundations of existing 
buildings and other structures such as rail tunnels, 
sewers and service pipes renders such tunnel 
construction a hazardous process, but recent 
experience have shown that this may be done by 
causing volume loss inferior to 1%, and this in a wide 
range of ground conditions. The crucial face support 
is providing by confining the excavated spoil into a 
chamber at the front of the machine. A screw 
conveyor is used to discharge controlled quantities of 
spoil from this chamber, which, if the rate of 
discharge matches the rate of material excavated, 
helps maintain a constant pressure in the excavation 
chamber. This process demands that the mechanical 
properties of the spoil be within a certain range. This 
in turn requires that the in-situ properties of the 
ground be altered by the injection of chemicals to 
suit the machine requirement. 
 
Smaller tunnels with diameter in the range of 1 to 3 
m are often built using a method referred to as pipe 
jacking, in which the provision of a lining occurs by 
jacking a string of pipes from a launch to a reception 
shaft. This “trenchless” method reduces construction 
risk and surface disruption, but its viability strongly 
depends on the control of the friction forces that 
develop between the ground and the pipe. These 
forces resist the forward jacking of the string of pipe 
and represent the major limiting factor of this 
construction technique. 
 
A common feature of these two construction 
techniques is that they require chemicals to be 
injected in and around the tunnelling machine to 
improve the soil-machine interactions. Figure 1 gives 
an impression of foam injection from an array of 

nozzles fitted directly on the cutting head of an EPB 
machine. This type of ground treatment, so-called soil 
conditioning, not only improves the construction 
performance but is also crucial to a safe and 
controlled tunnelling process. The research addresses 
these two applications of soil conditioning and aims 
to foster understanding of the interactions between 
the tunnelling machine, the soil and the soil 
conditioning agents. This will, in turn, help transform 
the experience-driven application of soil conditioning 
into a robust and controlled process for improving 
the efficiency of EPB tunnelling and pipe jacking. 
 
EPB Tunnelling research 
The work on EPB machines involved three related 
investigations focusing on the effects of soil 
conditioning on the control of face pressure and the 
extrusion of the spoil through screw conveyors. A 
first series of laboratory tests was performed in 
collaboration with Dr. A. S. Merritt to characterise 
soil-conditioner mixtures and show how suitable soil 
consistency may be achieved by conditioning for 
different types of clayey ground. Some of these tests 
were prompted by Nishimatsu Construction Co. Ltd 
and helped select efficient soil conditioning 
treatments for the machines on contract 220 of the 
Channel Tunnel Rail Link project in London, and are 
reported in Merritt et al. (2003). Another set of 
experiments at reduced-scale investigated the spoil 
extrusion mechanics with screw conveyors, focusing 
on the stress changes along screw conveyors during 
extrusion of kaolin clays and natural samples of 
London clays conditioned with different foams and 
polymers (Merritt, 2004). 
 
The last aspect of this research involves back-
analysing monitoring data of the EPB machines used 
on the CTRL Construction from 2002-2003. 
Particular attention is given to the effects of foam and 
polymer injection on the machine performance. The 
consumption of conditioners in each type of ground 
and at different face pressure are being analysed to 
provide recommendations for future projects. 
Analyses were also carried out to relate ground 
movements to the machine operation. The large 
body of data collated during the CTRL construction 
allows important conclusions to be made as to how 
machine parameters influence volume loss 
(Wongsaroy et al., 2004). 
 
Pipe jacking research 
The laboratory-scale pipe jack photographed in Figure 
2 was developed to model the effects of lubrication in 
pipe jacking. There, the interest is to understand the 
mechanisms leading to stress reduction on the pipes 
by the action of swelling inhibitors. These are 
believed to delay the stress build-up and reduce the 
jacking forces required to push the pipe string. Again, 
the research objective is to turn the current hit-and-
miss approach prevailing in the industry into a 
controlled process with clear guidance as to the 
effects of lubricants on jacking forces. 
 



The apparatus essentially consist of a self-boring Load 
Cell Pressuremeter (Cambridge Insitu Ltd) used to 
excavate a cylindrical cavity in a soil model that was 
pressurised in a calibration chamber. Much as is being 
done in the field, an overcut was excavated ahead of 
the actual pipe, and a lubricant injected under 
controlled pressure into the annular space thus 
created around the rigid pipe. As depicted in Figure 3, 
total stress and pore pressure were measured on the 
model pipe throughout the excavation process and 
during the transient stage leading to equilibrium. The 
jacking forces as well as pore pressures in the ground 
were also monitored. Tests using lubricants of 
different chemistry injected at a range of different 
pressures were performed, using plain water for 
benchmark experiments. 
 
Publications in 2004: 
 
Wongsaroj, J., Borghi, F.X., Soga, K. and Mair, R.J., 
Sugiyama, T., Hagiwara, T. Minami, T. and Bowers, 
K.H. (2005): Effect of TBM driving parameters on ground 
surface movements: Channel Tunnel Rail Link Contract 
220. Fourth International Symposium on 
Geotechnical Aspects of Underground Construction 
in Soft Ground, Amsterdam. 
 

 
Figure 1: Foam injection from an EPB machine 

cutting head (courtesy Herrenknecht AG) 

 
Figure 2: Overview of the pipe jacking test rig 

 
       Figure 3: Schematic cross-section   

     through the model pipe jack 
 
 

 
 
Yen Chua 
Churchill College 
 
Supervisor: Professor Malcolm Bolton 
Year: 3rd 
PhD Topic: Horizontal arching of earth 

pressures 
 
Yen is currently in the 3rd year of her PhD degree, 
under the supervision of Professor Malcolm Bolton. 
Her research focuses primarily on the domain of soil-
structure interaction, with the topic being the 
horizontal arching of earth pressures on retaining 
walls. Yen’s work includes experiments conducted in 
the centrifuge, as well as theoretical (numerical) 
analysis to produce closed-form and iterative 
solutions describing this soil phenomenon. Her 
experimental kit comprises an L-shaped “box”, 
constructed from 300mm high aluminium panels. The 
panels are contiguous but separate, hence allowing 
for the deflection of “flexible” panels to promote 
arching.  
 



Results show that the active earth pressure reduces 
almost to zero on the flexible panels as they deflect 
into the excavation.  
   
Yen has also been investigating the performance of 
the Entran mini earth pressure cells by conducting 
several calibration tests in a purpose-built calibration 
chamber. It was found that the calibration curves for 
the more flexible stress cells were closer to that of 
fluid calibration curves, compared to the stiffer cells. 
Additionally, the density of the soil medium is very 
important – calibrations in very loose and very dense 
sands tended to give more repeatable results 
compared to calibrations in medium dense sands. 
 
Besides her research, Yen is also actively involved in 
the Cambridge University Entrepreneurs, where she 
leads the £50k and 3P business plan competitions. 
She has also represented Cambridge University in 
table tennis, where she played in Varsity last year and 
was women’s captain this year before resigning due 
to time commitment issues.  
 
 

 
 
Johnson K. H. Chung 
Jesus College 
 
Supervisor: Professor Robert Mair 
Year: 1st 
PhD Topic: Three-dimensional Studies of Pile-

soil-tunnel interaction. 
 
I started my PhD in October 2004 after having 
completed my MPhil at the Hong Kong University of 
Science and Technology in September 2004.  
 
My PhD research can be divided into two main areas. 
Firstly, the effect of constructing a large bored pile 
(1.8 m diameter at prototype scale) near to an 
existing tunnel is to be studied using centrifuge 
modelling and numerical simulations. In-flight 
simulation of bored pile construction will be carried 
out. The installation effect, as well as the impact on 
the tunnel of loading the pile, is to be investigated by 
measuring tunnel displacements and deformation, the 
bending moment and hoop thrust in the tunnel 

linings, stress and strain behaviour of the ground, and 
so on. 
 
The second part of the research is to study the effect 
of tunnelling on an existing driven pile. Three-
dimensional numerical is to be conducted based on 
Jacobsz (2002). 
 
Publications in 2004: 
 
1. Chung, K. H. (2004). Three Dimensional Studies of 

Multi-Tunnel Interaction. MPhil Thesis, The Hong 
Kong University of Science and Technology. 

 
 
 
 
 
 
 

 
Kenichi Soga with his visitors from Politecnico di Torino 
and Barnali Ghosh on the right 



 
 
Gary Choy 
St John’s College 
 
Research Fellow 
 
Supervisor: Professor Robert Mair 
Year: 4th 
PhD Topic: Installation effects of diaphragm wall 

on adjacent piled foundations 
 
I have completed my PhD on the “Installation Effects 
of Diaphragm Walls on Adjacent Piled Foundations” 
in March 2004. Since then I am working on the 
development of novel sensors for monitoring of aging 
infrastructures. 
 
Development of novel sensors for strain 
measurement 
The advancement in MEMS (microelectromechanical 
system) technology enables the development of small, 
low power consumption and low cost sensors. This 
allows fast and extensive deployment of sensors so 
that a high redundancy monitoring system can be 
achieved.  
 
The main objective of this research is to develop a 
polysilicon micro resonant strain gauge, in particular a 
double-ended tuning fork (DETF) device (see Figure 
1), to measure very small induced strain (expected 
resolution is in the order of sub-microstrains). By 
measuring the shift in resonance frequency of this 
device, the magnitude of changes in strain can be 
calculated. Finite element modelling has been used to 
study the relationship between the change in 
resonance frequency and the induced strain inside the 
DETF and a linear relationship is observed, which is 
very promising. Further parametric studies are being 
undertaken to obtain an optimum geometry for the 
device in order to achieve higher sensitivity. The 
mask layout for the device will finally be generated 
and sent to a commercial surface micromachining 
foundry for fabrication. Laboratory testing of the 
device will be carried out to check the finite element 
model. The test results will also be compared with 
other strain measurement devices (e.g. metal foil 
strain gauges, laser interferometer).   

A miniature piezoelectric power generator is going to 
be developed. It is aimed to use a piezoelectric device 
to convert mechanical energy (e.g. ambient 
vibrations) to electrical energy, which is stored in a 
rechargeable battery, to power the very low power 
consumption MEMS device.  
 
New generation of wireless sensor network 
The main objective is to evaluate the reliability and 
suitability of a new hardware platform called mote 
(see Figure 2), which consists of processor and radio 
boards, for field monitoring. This system has several 
features including multi-hop, self-configuring, self-
healing and dynamic routing. Together with efficient 
battery power management, these features would 
create a long-lived and easily deployed sensor 
network.  
 
This battery-powered device can be used for direct 
sensing, simply by mating sensor and data acquisition 
cards directly to the mote. It can also be used as a 
transceiver to any other sensors for external sensing. 
A powerful single board computer called “Stargate” 
will be used for interfacing the sensor network to the 
Internet. The success of this new technology, 
together with the low cost MEMS devices, will enable 
us to build “smart” structures, meaning any changes 
in the structural integrity (caused by any external 
disturbances) can be viewed in real time. Also, the 
monitoring results of different soil-structure 
interaction problems can be stored in a central 
database so that engineers and researchers can use 
the information for validation of any numerical and 
physical models. 
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Figure 1 : Micromachined Silicon Resonant Strain Gauge 

 
Figure 2: Wireless Sensor Network



 
 
Kensuke Date 
Churchill College 
 
Supervisor: Professor Robert Mair 
Year: 2nd 
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 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 
are the two most popular methods at present, and 
the former can be found in Japan, Korea and Taiwan, 
while facebolts are used in Italy, France and Spain. 
However, both have been installed based only on 
local and empirical designs, which might not protect 
against a serious accident if a tunnel is excavated in 
unusual conditions (e.g. shallow cover). On the other 
hand, in some cases, empirical designs might lead to a 
waste of money. Therefore, it is of great importance 
to select the most appropriate reinforcement 
method and decide its arrangement for each project 
according to the ground conditions on site. This 
necessitates the establishment of a rational design 
criterion for tunnel face reinforcement. 
 
Ken is especially interested in the reinforcing 
mechanism of these two methods, forepoling and 
facebolts, and making the difference between them 
clearer. Moreover, he wishes to evaluate the effects 
of the tunnel reinforcement parameters: length, 
diameter, spacing, material (stiffness) and 
arrangement. These interests are now being 
investigated with beam centrifuge tests and three 
dimensional numerical analyses (FLAC3D). The 
research work will be supplemented with field tests 
in sandy ground during the 3rd year. 
 
 

 
 
Mohammed Z B El Shafie 
Hughes Hall 
 
Supervisor: Professor Robert Mair 
Year: 2nd 
PhD Topic: Effect of Building Stiffness on 

Excavation-Induced Displacements 
 
In recent years, increasing attention is being given to 
the question of ground movement control in urban 
areas. The increasing demand for new infrastructure 
in urban areas has led to a greater 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 into the 
performance of structures subjected to excavation-
induced displacements.  
 
MPhil Degree: The interactivity between excavation-
induced displacements and the performance of 
structures was investigated through a series of finite 
element analyses. It was shown that the problem is of 
interactive nature i.e. existing structures affect the 
ground displacements due to a nearby 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 an existing structure) due to excavation 
construction will be investigated through a series of 
centrifuge models. The main objective of the research 
is to quantify the effect of the structures on ground 
movements through a number of investigations 
summarised below: 
 
• Effect of the weight of the structure on ground 

movements. 



• Effect of the stiffness of the structure on the 
ground movements. 

 
• Effect of different foundation types on the ground 

movements. 
 
• 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. 
 
 

 
 
Khalid Gafar 
Churchill College 
 
Supervisor: Dr Kenichi Soga 
Year: 2nd 
PhD Topic: Fundamental Study of Soil -Grout 

Interaction in Sandy Soils 
 
Grouting is a sustainable solution to many of the 
problems encountered during ground excavation 
activities. However, the application of grouting is still 
limited due to the uncertainties in its mechanical 
behaviour. Therefore, an extensive research project 
to explore the mechanical properties of soil grouting 
under different circumstances and soil conditions is 
being conducted. The main purpose of my research, 
which is a extension of my MPhil work, is to relate 
injection characteristics to grout characteristics and 
soil properties. Soil densification, expected to result 
from the interaction between multiple injections, will 
be utilised to minimise the ground movements due to 
different geotechnical constructions activities (for 
example, the forepoling method used in tunnel 
construction). Dynamic injection, which involves an 
oscillating injecting pressure in addition to the 
constant static pressure, will be incorporated so as to 
generate additional excess pore pressure. It is 
hypothesized that this will soften the soil and avoid 
any fractures or unwanted fingering of the grout. 
Large-scale experimental work is in progress. It 

involves injection of cement-bentonite grout mixes 
into an 850 mm diameter tub containing fraction D 
Leighton Buzzard silica sand with different 
percentages of clay and silt. Injection is carried out 
under a 100 kPa surcharge pressure and after the 
pore pressure readings stabilise, soil is dug out and 
the grout distribution is explored. The research 
utilises single and multiple injections in order to 
include the effect of boundary conditions. Numerical 
simulations using the Abaqus finite element software 
will be validated against the results from the 
experimental work as well as being used to clarify the 
fundamental mechanisms of soil-grout interaction. 
 
 
 

 
 
Hisham Mohamad 
Churchill College 
 
Supervisor: Dr Kenichi Soga 
Year: 1st 
PhD Topic: Monitoring and analysis of 

geotechnical activities using fibre optics strain 
measurement system 

 
After graduating from Universiti Teknologi Malaysia 
(UTM) with First Class Honours in 2002, I was 
appointed as a UTM tutor and granted a scholarship 
to do an MSc programme at Imperial College in 2003. 
I later joined the Cambridge Geotechnical Research 
Group as a PhD student in January 2005 with funding 
from The Malaysian Government. 
 
My main research is to analyse the use of a 
distributed fibre optic strain measurement system 
based on Brillouin Time Domain Reflectometry or 
BOTDR for geotechnical monitoring applications. 
This equipment can measure strains continuously 
over 10km with an accuracy of 30µε. With this 
advantage, BOTDR can be used to detect 
deformations in large-scale structures such as 
bridges, buildings, and tunnels. In the first two 
months of my research, I have been directly involved 
in a field trial of monitoring an existing Thameslink 
tunnel at London’s King's Cross station during 
construction of a new adjacent tunnel associated with 
the Channel Tunnel Rail Link (CTRL) project. I have 
also been involved in instrumenting bored piles at 



two construction sites in London, viz. eight piles at 
Paddington and three piles at Farringdon, both for a 
month. The interest of the latter field project is to 
monitor the piles’ behaviour as soon as the tunnel 
construction begins. The initial stage of my research 
is to experiment tensile and compressive strain 
measurement in the lab using distributed fibre optic 
strain sensors of BOTDR. This includes hanging the 
fibres under certain weights for prolonged periods.  
 
 

 
 
Man Yin Albert Ng 
Churchill College 
 
Supervisor: Kenichi Soga 
Year: 1st 
PhD Topic: Principles of soil fracturing 
 
I received my BEng degree in civil engineering with 
First Class Honours from The University of Hong 
Kong in 2002. I then pursued graduate study at the 
University of California, Berkeley where I received 
my MS degree in 2003. I worked for a year at The 
University of Hong Kong as a research assistant 
before I started my PhD at the University of 
Cambridge in October 2004.  
 
My research aims to investigate the principles of soil 
fracturing.  Soil fracturing herein refers to the 
mechanism in which an increase in fluid pressure, 
either by liquid or gas, exceeds a threshold value in a 
soil and leads to the creation and propagation of 
fractures. Intentional fracturing of soil has many 
geotechnical and environmental applications such as 
in gas and oil production, estimation of in situ soil 
stress state, promotion of contaminant recovery 
from low-permeability soils, etc. However, soil 
fracturing would sometimes be taken as a nuisance in 
geotechnical engineering, such as where excessive 
fluid pressures will weaken the foundation strata by 
fissuring the soil. This occurs because there is little 
knowledge about the mechanical behaviour of soil 
fracturing.  
 
The failure mode, the factors affecting the mode, and 
the factors affecting the initiation pressure of soil 
fracturing are key characteristics to be investigated. 

Although previous research has identified two failure 
modes – tensile failure and shear failure, there is no 
conclusion which mechanism should dominate when 
a given soil (tensile strength and undrained shear 
strength) fractures. Moreover, no comprehensive 
information is available concerning the factors 
affecting the fracturing pressure.  
 
A series of experiments using hollow cylinder triaxial 
tests for different soils is suggested to investigate the 
effect of different factors such as confining pressure, 
pressure of fluid injection and viscosity of fluid. Apart 
from the hollow cylinder triaxial test, permeability 
tests at high hydraulic gradient, or very high injection 
pressure, would also give indications of when the soil 
fractures. A schedule of permeability tests using 
water and/or air for injection is proposed to 
complement fracturing work.  
 
It is believed that the results of soil fracturing work 
can be applied to the extraction of methane hydrates.  
Methane hydrates, which are found widely dispersed 
in permafrost regions and beneath the sea in 
sediments of outer continental margins, offer promise 
as a new and future energy resource.  However, 
there is still a long way to go before non-producible 
accumulations of gas can be turned into a useable 
resource.  
 
I have visited Japan for two weeks to gain knowledge 
of the methane hydrate work. I have also conducted 
several hollow cylinder triaxial tests and permeability 
tests. Numerical modelling will be carried out later to 
substantiate the experimental results.  
 
The funding of Cambridge Overseas Trust, EPSRC, 
Research Grants Council of Hong Kong, and 
Research Consortium for Methane Hydrate 
Resources in Japan (MH21 Research Consortium), 
which enable me to work on the research, is 
appreciated.  
 
Publications in 2004: 
 
1. K. Soga, Ng M.Y.A., K. Gafar. (2005) Soil fractures in 

grouting. The 11th International Conference of 
IACMAG, Turin, Italy, June 2005.  

 

 
Mitsubishi Heavy Industries, Ltd., Japan 



 
 
Dimitrios Selemetas 
Trinity Hall College 
 
Supervisor: Dr Jamie Standing 
Year: 4th 
PhD Topic: Pile response to tunnelling 
 
Dimitrios is currently working on a research project 
investigating the response of full-scale piles and piled 
structures to tunnelling-induced movements. The 
research is supported by the EPSRC and the UK 
industry. 
 
The construction of the northern section of the new 
Channel Tunnel Rail Link (CTRL) provided a unique 
opportunity to monitor the response of full-scale 
piles and piled structures to tunnelling. During the 
year 2003-2004 an extensive programme of field 
monitoring was undertaken at CTRL Contract 250 in 
Dagenham, South East London. The contract involved 
the construction of 5.2km of twin 8m diameter 
tunnels using Earth Pressure Balance (EPB) machines. 
Tunnelling at the site of interest took place through 
London Clay. The fieldwork comprised the following 
aspects: 
 
1. The installation, loading and monitoring of four 

instrumented piles above and at an offset from 
two 8m diameter tunnels. The piles were driven 
cast-in situ with a nominal diameter of 480mm. 
Two of the piles were end bearing in dense sand 
and gravel with a total length of 8.5m whilst the 
other two were 13m in length and founded in 
London Clay. The piles were heavily instrumented 
with clusters of 4 vibrating wire strain gauges 
every 2m, base load cells, fixed-in-place 
inclinometers, and LVDTs at the top of each pile 
head. 

 
2. The installation and monitoring of several 

instruments to record the response of the ground 
to tunnel excavation including surface settlement 
points, vibrating wire piezometers, multiple rod-
extensometers, and fixed-in-place inclinometers. 

 
3. Precise levelling on two piled structures situated 

along the CTRL route and close to the 
instrumented piles.  

 
This research has benefited various parties, including 
Rail Link Engineering (RLE), the CTRL contractors 
and the Client, Union Railways (UR), who have been 
able to indirectly pass on the benefit to the public 
through reduced costs. Additionally, the UK 
tunnelling industry and associated contractors will 
benefit from being able to predict with greater 
confidence the response of piled structures to 
tunnelling-induced ground movements. This will, in 
turn, give rise to modification of tunnelling processes 
and protective measures to safeguard structures at 
risk. The results of this research study will also be of 
great value to those wishing to validate numerical 
analyses with high quality research measurements. 
 
Publications in 2004: 
 
1. Selemetas, D. (2004). Pile settlement due to tunnelling 

in London Clay: a case study. Ground Engineering, 
vol. 37, no. 6, pp 29-32, ‘Cooling Prize Paper’. 

 
2. Selemetas, D. (2004). On the assessment of pile 

settlement due to tunnelling. Proc. 16th European 
Young Geotechnical Engineers' Conference, 
Vienna, Austria. 

 
3. Selemetas, D., Standing, J.R. and Mair, R.J. (2005). 

The response of full-scale piles to tunnelling. Proc. 4th 
Int. Symp. on Geotechnical Aspects of 
Underground Construction in Soft Ground, 
Amsterdam. 

 

 
Panoramic view of instrumented site on a typical ‘sunny’ 

day in Dagenham. 
 
 



This part of my research is an extension of my 
collaboration with Professor Robert Mair. This work 
has been initially based on centrifuge modelling of 
CIPP liners and the results of this work can be found 
in the literature. The most recent contribution in this 
field is related to the analysis of interaction 
conditions between the host pipe and the liner and 
the analysis of the size of the gap between the host 
pipe and the liner on the structural behaviour of 
rehabilitated system. 

 

 
Publications in 2004: 
 
1. Spasojevic, A, and Mair R, Gumbel, J.E. (2004) 

Experimental studies of soil load transfer to flexible 
sewer liners: latest results and implications for design. 
ASCE. 

 
Aleksandar Spasojevic 

  
2. Spasojevic, A ,Mair, R, Gumbel, J. (2005) Centrifuge 

modelling of soil load transfer to CIPP liners. 
Conference proceedings of The 5th International 
Symposium of TC28 of ISMMFE, Amsterdam. 

Research Associate 
 
My research work in 2004 focused around: 
 

 1. The effective stress analysis of undrained 
monotonic and cyclic processes in soil. 3. Spasojevic, A, R. Mair. (2005) Centrifuge and finite 

element modelling of soil load transfer to cured-in-place 
pipes. 11th International Conference of IACMAG. 
Turin, 19-24 June. 

 
Although usually associated with deformation 
processes in clays the undrained conditions of soil 
loading are met in all engineering problems where the 
rate of loading exceeds the rate of draining and may 
happen in any saturated granular structure. A 
tendency towards compression of the soil granular 
structure under undrained conditions leads to full or 
partial soil liquefaction and abrupt collapse of the soil 
structure with serious consequences. The most 
spectacular examples of the phenomena in sands are 
earthquake-induced soil liquefaction and instability of 
high dams, spoil tips and hydraulic fills, while in clays 
it accompanies a whole range of problems ranging 
from the slope stability, foundations to installation of 
piles and tunnels. 

 
4. Spasojevic, A, Mair R, Gumbel, J (2005) Centrifuge 

modelling of soil load transfer to flexible sewer liners. 
(submitted for publication) 

 
5. Spasojevic, A., Mair R. (2005) Soil load transfer to 

flexible sewer liners liners: analysis and interpretation. 
(submitted for publication) 

 
Other work 
 
I also worked with Dr Assaf Klaar and Dr Kenichi 
Soga on the hybrid modelling of the soil-structure 
interaction of large groups of piles. The results of this 
work are published as a Technical report. 

 
I have developed an effective stress model of 
dilatant/contractant soil behaviour which is based on 
the concepts of state-dependent shear resistance, 
Wood (2004), dilatancy, Dafalias and Li (2000) and 
generalized plasticity, Pastor et al. (1990). The model 
also takes into full account the effects of ratchetting 
due to cyclic loading of soil. 

 
 
 
 
 
 
  

Apart from fully fledged 3D FE analysis the model can 
be also used to define the strength envelope of soil 
undrained behaviour which can be used in practical 
design to replace the unreliable and, generally, unsafe 
concept of the undrained shear strength. Initial 
results of this work and the potential applications are 
shown in Figures 1-2. 
 
2. The analysis of soil-structure interaction of 
close-fitted flexible liners for rehabilitation of 
sewers. 
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Figure 1: Modelling of undrained triaxial test based on state-dependent model of soil behaviour. 
K=3000, G=18000, M=1.25, k=3.5, e=1.7, Γ=1.8, a=5 10-4 
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Figure 2: Simulation of contractant monotonous undrained behaviour based on state-dependent 
model of soil behaviour. 
K=3000, G=18000, M=1.25, k=3.5, e=1.7, Γ=1.8, a=5 10-4 
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Introduction 
I completed a Bachelors in Engineering (BEng)(Cum 
Laude) at the University of Pretoria in South Africa in 
1997 and started working for AFRICON, a large civil 
engineering and infrastructure company in South 
Africa, in 1998. During the 4.5 years I have been 
working for AFRICON I have been involved in a 
number of large transportation and building projects. 
It was however particularly the geotechnical face of 
these projects that fascinated me. I enrolled part time 
for an Honours Degree in Geotechnical Engineering 
at the University of Pretoria and achieved a 
BHons(Geotechnical Engineering)(Cum Laude), in 
2001. After working for 4.5 years in civil engineering 
practice I started my PhD at The University of 
Cambridge during October 2002. My project, The 
Effect of Tunnelling on Buried Pipelines, is funded by the 
Cambridge MIT Institute (CMI) and aims to 
contribute to one of CMI's flagship projects to 
investigate the sustainable operation and maintenance 
of ageing infrastructure.  
 
Research Objective 
Most large cities in the world contain an intricate 
web of pipelines, subways and other services, which 
complicates any assessment of existing design life of 
existing utilities. In conjunction with issues such as 
corrosion, it is frequently almost impossible to 
provide a sound judgement on the effect of third 
party influences on specific utilities. For this reason 
utility owners may impose stringent restrictions on 
development of infrastructure near existing utilities. 
In the same vein, developers do not always have the 
design tools to properly show that a proposed 
development is safe.  
 
My research project aims to provide utility 
companies, engineers and developers with a means of 
understanding the mechanisms at work during soil-

pipeline-tunnel interaction. On completion of the 
project we hope to provide guidelines for assessing 
the risk of soft ground tunnelling near existing 
pipelines and provide additional tools to incorporate 
in design. We also aim to provide contractors with 
indicative guidelines on safe problem geometries (e.g. 
distance between a new tunnel and existing utilities), 
risk zones and other applicable means of ensuring 
safe construction for the given problem. From a 
monitoring point of view, we aim to provide 
qualitative contributions toward assessing potential 
ranges of monitoring, applicable variables to monitor 
and actual positions of monitoring to enable assessing 
the problem effectively.  
 
Research: A Phased Approach 
The project is undertaken in three stages, some of 
which have run parallel over the last two-and-a-half 
year period between October 2002 and April 2005: 
 
• During the first stage a series of eleven centrifuge 
model tests have been performed whereby three 
model pipes depicting three large diameter prototype 
pipelines, varying over three orders of magnitude 
bending stiffness (EI) and two orders in axial stiffness 
(EA), were subjected to volume loss by means of a 
model tunnel. The model pipelines represented 
similar bending stiffnesses to 28" and 48" cast iron 
and 2.7 m steel pipelines at prototype scale.  Both 
continuous and jointed pipelines have been tested.  
The experiments were carried out in sand, during 
which time subsoil settlement of the soil far away 
from the model pipeline, surface settlement, pipeline 
settlement, earth pressure, pipe bending moments 
and axial strain (in the last test) were recorded.  
Among other things, the centrifuge stage of the work 
helped identify the mechanisms at work when 
continuous and jointed pipelines interact with the 
surrounding soil during tunnel-induced ground 
movement.  It indicated the development of relative 
pipe-soil rigidity and was used to validate the 
numerical modelling in Stage 2. 
  
• Stage 2 was carried out concurrently with the 
centrifuge tests in Stage 1. Pipe-soil interaction was 
modelled in a two-dimensional elastic continuum 
spring system and a design method was formulated 
based on elasticity.  Modelling results were validated 
by means of centrifuge test results.  This phase also 
provided better understanding of the importance and 
development of pipe-soil rigidity and the impact it has 
on the analysis and data gathering phases of design.  
Guidelines were formulated whereby the balance of 
gathering data about the expected greenfield ground 
movement (which is the load induced to the pipe) v 
the interaction analysis effort could be established 
when investigating the effect of tunnelling on 
continuous pipelines. 
 
• Stage 3 entailed testing and further developing 
hypotheses and findings made during the first two 
stages by means of a field case.  Field monitoring of 
the effect of a pipe jack operation on an existing, 



decommissioned, 30” lined cylinder water main at 
Chingford, North London was conducted between 
January and March 2005, employing both 
conventional settlement rods and novel fibre optic 
sensors using Brillouin Optical Time-Domain 
Reflectometry (BOTDR) technology.  Although pipe 
jacking was performed in London Clay, good 
agreement with centrifuge test results were found 
and enabled formulating design guidelines for jointed 
pipelines. 
•  
Industry Involvement 
To maintain a practical perspective this CMI project 
works in close association with London Underground 
Limited (LUL) and RWE Thames Water. Our 
collaboration with MIT led to the development of a 
sensor system for the monitoring of longitudinal 
settlement in the Victoria Line. Working closely with 
RWE Thames Water we were also able to 
successfully employ BOTDR fiber optic technology 
for pipeline monitoring.  
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Recently, three-dimensional finite element analysis 
has become popular as a tool for predicting and 
analysing problems related to tunnelling.  
 
Most of the finite element analyses carried out have 
assumed undrained conditions and therefore could 
only represent the short-term ground response. This 
research extends the analyses to the consolidation 
phase, which allows the flow of pore water to be 
taken into account during and after tunnel 
construction, and hence predicts the long-term 
ground response. 
 
A sophisticated critical state soil model has been 
implemented with a subloading surface which allows 
the behaviour of overconsolidated soil to be 
modelled more accurately. Its ability to model plastic 
strain within the yield surface shows a more accurate 
prediction of changes in the pore water pressure 
when modelling triaxial tests.  Change in pore water 
pressure is an importance source of the long-term 
ground response; hence it is thought that the soil 
model will predict better the ground response in the 
long-term.  
 
Many published laboratory tests have shown that 
London Clay is an anisotropic material, and therefore 
should be modelled using an anisotropic soil model. 
Hence a transversely anisotropic subloading surface 
soil model is being implemented in order to 
investigate the effect of soil anisotropy on the short 
and long-term ground response due to tunnelling. 
 
The research currently involves carrying out 
consolidation-linked three-dimensional finite element 



analyses with isotropic and anisotropic subloading 
surface soil models, using the geometry of St. James’s 
Park greenfield site to evaluate the capability and 
limitations of three-dimensional finite element 
analysis. At this site the tunnels were constructed 
with the aid of an open face shield machine. 
Comparison with the detailed field data obtained 
from the site will be made and discussed. Parametric 
studies are also carried out to look at the influence of 
the stiffness anisotropy, coefficient of earth pressure 
at rest, magnitude of permeability, excavation speed 
and the depth of the tunnel on the short-term 
ground response. The analyses are then carried out 
further into the consolidation period to look at the 
long-term ground deformations and the variation in 
tunnel lining load. The following parameters are 
investigated for the long-term analysis: magnitude of 
excess pore  pressure caused by excavation, pattern 
of excess pore pressure, and the relative permeability 
of lining and soil including soil anisotropic 
permeability.  
 
Having carried out some parametric studies above, 
the next aim is to try to see whether it is possible to 
create a design chart for tunnel excavation with an 
open face in London Clay. If so, the magnitude and 
mechanism of ground deformation in short and long-
term, and the expected tunnel lining load, could easily 
be determined from the design chart. 
 
Publications in 2004: 
 
1. Wongsaroj, J., Soga, K., Yimsiri, S. and Mair, R.J. 

(2004). Stiffness anisotropy of London Clay and its 
modelling: Laboratory and Field. Advances in 
Geotechnical Engineering, The Skempton 
Conference, Thomas Telford, London, Vol. 2, 
pp.1205-1216. 

 
2. Wongsaroj, J., Borghi, X.F., Soga, K. and Mair, R.J. 

(2005). Effect of TBM driving parameters on ground 
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published. 
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