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Prof. R.J. Mair 
 
Professor of Geotechnical Engineering 
Head of the Geotechnical and 
Environmental Engineering Research 
Group 
 
The Geotechnical and Environmental Research 
Group is home to about 75 staff and 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 160 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 2003 was 
fully occupied by 37 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 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 
13, and the number of graduate students in 
residence rose from about 20 to 39.  The post-
docs have included outstanding Research Fellows 
such as Dr Andy Take, (now an Assistant 
Professor at Queen’s University in Canada), Dr 
Lis Bowman (an RAE Fellow), and Dr Barnali 
Ghosh (an 1851 Exhibition Fellow). 
  
During 2003 a total of 5 PhDs and 6 MPhils were 
successfully examined, and we hosted 11 
international academic visitors. Dr David White 
was appointed to a University Lectureship, 
bringing the total number of academic staff to 7, 
and Dr Kenichi Soga was promoted to a 
Readership. More than 60 articles were published 
by the group in 2003, and we were awarded more 
than £0.5 million of project funding by the 
EPSRC. 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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Prof. M.D. Bolton 
Professor of Soil Mechanics 
Director of the Schofield Centre 
 
The Schofield Centre was opened on 11 
November 2001 by Mark Whitby, the President 
of the Institution of Civil Engineers. The 
University gave its permission to name the 
building after Emeritus Professor Andrew 
Schofield FRS under whose leadership the 
Geotechnical Centrifuge Centre had burgeoned on 
the adjacent site from 1971-1998.  I moved into 
the new Schofield Centre in November 2001 to 
become its first Director, having previously been 
Director of the Geotechnical Centrifuge Centre 
since 1995.  
 
The mission of the Centre is: 
 
to advance the understanding of soil mechanics 
and the science of geotechnical modelling, so as to 
facilitate industrial collaborations leading to an 
improved appreciation of geotechnical processes, 
and thereby to innovations in design and 
construction. 
 
By the end of 2003 the new building was fully 
occupied.      The technical staff of the Centre on 
1 January 2004 were Chris Collison (Senior Chief 
Technician), and his team: Chris McGinnie (Chief 
Electronics Technician), John Chandler 
(Authorised Centrifuge Technician), Kristian 
Pether (Senior Technical Technician), Tom 
Johnston (Electronics Technician) and Frank 

Sixsmith (Logistics Technician). Our 
administrator is Anama Lowday. Anama works 
closely with the Director, and the Assistant 
Director Dr Gopal Madabhushi, to manage the 
Centre as a facility, to track people, projects and 
priorities, and to identify a flow of funds which 
can guarantee our continuous operation.  
 
The academic staff of the Geotechnical and 
Environmental Group each have an element of 
their research group working in the Schofield 
Centre. Professor Mair’s group works in the 
Centre in collaboration with Dr Kenichi Soga on 
underground construction processes. My group 
works on piles and penetrometers, pipelines, slope 
stability, and earth retaining systems. Dr 
Madabhushi has a large team studying earthquake 
geotechnics and liquefaction countermeasures.  Dr 
Kenichi Soga’s group works in the Centre on 
contaminant migration and clean-up processes, 
and Dr Abir Al-Tabbaa’s group conducts 
experiments on sustainable remediation, waste 
minimisation and re-use and soil mixing. Dr 
David White is involved in research into 
foundations, pipelines and image analysis 
methods. 
 
By the end of 2003, the building and equipment 
provided by the £2 million JIF funding were in 
place and fully operational, research projects 
worth more than £1 million were underway, and 
the Centre was fully occupied by 38 staff and 
students.  
 
The large increase in research turnover and 
manpower has been achieved through the funding 
of projects in a broad span of geotechnical 
applications concerned with processes, 
construction operations, infrastructure monitoring 
and maintenance, and environmental 
geotechnology – with a strong industrial 
component.  
 
Having significantly increased the size and 
strength of our research group due to the 
additional space for research and the enhanced 
equipment, we are now recognised as one of the 
most active geotechnical groups in the world.  We 
are the UK representative on ELGIP (European 
Large Geotechnical Institute Platform), and we 
have formal collaborations with sister groups at 
MIT, Georgia Tech, UWA, LCPC and IIT 
Bombay.  
 
I hope you enjoy reading this year book. It 
provides a brief overview of the work of our 
thriving research group during 2003. 





 
 

Abir Al-Tabbaa 
Senior Lecturer 
 
Dr Al-Tabbaa leads a research group consisting of 
two post-doctoral research associates and seven 
research students. Her current areas of research 
are sustainable remediation of brownfield sites, 
waste minimisation and re-use and 
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 site 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 the 
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 brownfields, (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. 
Further details are on www.subrim.org.uk. 
 
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 over 120 industrial members. Dr Al-
Tabbaa is one of the three Research Managers 
responsible for managing the research activities of 
Mini-Waste. This includes managing the £1m core 
funded projects, 6 annual CASE students and 
other related research initiatives. She is also the 
principal investigator of a £242k project selected 
for the Mini-Waste core funding. The project is 
entitled ‘Waste minimisation through applications 
in land reclamation’ and will be carried out in 
collaboration with Forest Research, Institute of 
Food Research, Reading University and College of 
Estate Management. Further details can be found 
on www.mini-waste.com. 
 
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, Shell Global Solutions, May 
Gurney, Viridis, MJCA, CIRIA, CL:AIRE, Lafage 
cement, Buxton Lime, SITA, EDGE Consultants, 
Grundon, ARCADIS GMI and BNFL. 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. 
Collaborative research initiatives are being 
developed and an international conference is 
planned for 13-14 April 2005 at Cambridge 
University. More details can be found on www-
starnet.eng.cam.ac.uk. 
 
New initiatives on the development of novel 
materials and processes for civil and 
environmental engineering have been initiated. 
This includes (i) the in situ stabilisation of peat by 
soil mixing (funded by the US FHA), (ii) the 
incorporation of zeolites, which are not used in 
the construction industry, in grouts (funded by US 
FHA), (iii) pelletisation of cold bonded wastes, 
and in particular oil drill cuttings, to form 



artificial aggregates (sponsored by BP Egypt), (iv) 
and the validation and exploitation of the much 
publicised newly developed environmentally 
friendly cement based on magnesium oxide which 
also included large quantities of ash (collaboration 
its Australian inventor and MIT). 
 
Two EPSRC grants just completed investigated 
the time-related performance of cement-treated 
contaminated and uncontaminated soils from the 
MoD research agency location in West Drayton. 
The soils on the West Drayton site were treated 
back in 1994 and their real-time behaviour up to 
5 years after treatment has been established. 
Accelerated ageing using elevated temperature was 
employed to age samples in order to predict the 5-
year behaviour in the laboratory. A four part 
series of papers have been published in the 
Proceedings of the ICE, Journal of Geotechnical 
Engineering.  
 

 

 
 

Francis Turner at the presentation of the Philip 
Turner prize to the 2003 winner, Gary Choy. 

 

 
 

Rod Lynch 
Senior Technical Officer in 
Environmental Geotechnics 
 
Current research projects are: 
 
 In situ clean-up of groundwater by 

photocatalysis. 
Incidence of light on a semiconductor catalyst 
can decompose organic pollutants such as the 
petrol additive MTBE to mainly CO2 and 
water. There is a possibility of using solar 
energy for this. Other team members: May 
Chan and Dr Steve Rolt, and in Chemistry 
Dept: Prof Richard Lambert, and Alex Orlov. 

 
 Remediation and containment of 

contaminated land by electrokinetic fields 
In one project we are using electric fields to 
contain the spread of heavy metal pollutants 
under the influence of a local hydraulic 
gradient.  (4th yr student Katie Winfield, Prof 
Aldo Muntoni and Romano Ruggeri, 
University of Calgiari, Sardinia). We are also 
investigating 2-dimensional clean-up using 
electrokinetics (4th yr student Rob Thomson) 

 
 Devices for the in situ detection and 

monitoring of pollutants. (jointly with Prof   
Sasaki, Wakayama College of Technology) 
Movement of copper pollutant through 
Japanese residual soils has been measured 
with simple fibre-optic probes. 

 
 An investigation into a possible avalanche 

detector (4th Year student Henry Jeens, and 
Prof P Williams, Scott Polar Res. Inst.) An 
investigation of the type of snow that causes 
slab avalanches, with a view to making a 
suitable probe to detect these crystals. 



 
 Novel bioremediation of contaminated land 

(4th yr student Manousos Syngellakis, jointly 
with Dr Kenichi Soga, Dr Ian Ross, Dr Bill 
Whelan, Dr Nathan Reid) 

 
Recent publications / presentations: 
 
1. P Sentenac, R J Lynch and M D Bolton, 

“Measurement of the side-wall boundary 
effect in soil columns using fibre-optics 
sensing", International Journal of Physical 
Modelling and Testing in Geotechnics, 2001, 
4, 35-41. 

 
2. S F Catney and R J Lynch, “Experimental 

investigations of air sparging to control 
contaminated groundwater”, Proc. Inst. Civ. 
Eng. Geotechnical Engineering, 2001, 149, 
pp253-258. 

 
3. R J Lynch, H Allersma, H Barker, A 

Bezuijen, M D Bolton, M Cartwright, M C R 
Davies, N Depountis, G Esposito, J Garnier, 
J de Almeida Garrett, C Harris, C  
Kechavarzi, O Oung, P Sentenac, M G da 
Silva, C Santos, P Sentenac, K Soga, S Spiessl, 
R N Taylor, A C J Treadaway, F Weststrate,  
“Development of sensors and imaging 
techniques for pollutant monitoring in geo-
environmental model tests”, International 
Journal of Physical Modelling and Testing in 
Geotechnics, 2001,4, 17-27. 

 
4. M S M Chan, R J Lynch, and D J Ilett, Use 

of cation-selective membrane and acid 
addition for pH control in two-dimensional 
electrokinetic remediation of copper, 
Proceedings of EREM 2001, 3rd Symposium 
on Electrokinetic Remediation, Karlsruhe, 
2001, C Czurda, R Haus, C Kappeler and R 
Zorn (Eds), Schr. Angew. Geol. Karlsruhe, 
pp 33-1 to 33-12. 

 
5. M S M Chan, R J Lynch, C Carr, B R 

Masterson and N Read, Rapid measurement 
of heavy metals in soil by XRF, NICOLE 
Meeting: Cost-effective site characterisation, 
Pisa, April 2002. Poster 

  
6. M. S. M. Chan and R. J. Lynch, 2003, 

Photocatalytic Remediation of MTBE in 
Groundwater, Proceedings of ConSoil 2003 - 
8th International Conference on 
Contaminated Soil, Gent, Belgium, pp 3521-
3528. 

 
7. M. S. M. Chan and R. J. Lynch, 2003, 

Photocatalytic Remediation of Petroleum 
Oxygenates in Water, Proceedings of 
International Conference on Pollution in the 
Metropolitan and Urban Environment 

(POLMET 2003), Hong Kong, China, 
Section 4A. 

 
8. M. S. M. Chan and R. J. Lynch, 2003, 

Photocatalytic degradation of aqueous 
methyl-tert-butyl-ether (MTBE) in a 
supported-catalyst reactor, Environmental 
Chemistry Letters, Vol. 1(3), pp 157-160. 

 
9. M. S. M. Chan and R. J. Lynch, 2003, 

Photocatalytic Remediation of Petroleum 
Oxygenates in Water, 1st European 
Conference on MTBE, Dresden, Germany, 
Poster  

 
10. A Muntoni, R Ruggeri and R J Lynch, An 

electrokinetic barrier against heavy metal 
contamination in fine-grained soils, Battelle 
Conference on Remediation of Contaminated 
Sediments, Venice  Sep-Oct 2003. 

 
1111..  IInnvveessttiiggaattiioonn  ooff  aann  eelleeccttrrookkiinneettiicc  ffeennccee  ffoorr  

pprrootteeccttiioonn  aaggaaiinnsstt  hheeaavvyy  mmeettaall  
ccoonnttaammiinnaattiioonn  iinn  ssooiillss,,  A Muntoni, R J 
Lynch, R Ruggeri, and E Fenude,  EREM - 
Fourth International Electrokinetic 
Remediation Conference – Mol, May, 2003 

 
12. Orlov, A., Lynch, R., Lambert, R. 

"Development of new photocatalysts for the 
enhanced removal of chlorophenol from 
water." Proceedings of 6th International 
Symposium on Environmental 
Contamination in Central & Eastern Europe 
and CIS, Prague, 2003. 

 
13. 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. 

 



 

 
 

Gopal Madabhushi 
Senior Lecturer 
Assistant Director of The Schofield 
Centre 
 
Dr Gopal Madabhushi leads a research group on 
geotechnical earthquake engineering consisting of 
three 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 can be viewed at 
http://www2.eng.cam.ac.uk/~mspg1/pub~1.html. 
Dr Madabhushi’s research has been funded by 
EPSRC, EU, NSF USA, Newton Trust, Santa 
Clara University, USA, Mott MacDonald, UK, 
Shimizu Corporation, Japan. 
 
Dr Madabhushi, working with Prof 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 the 
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. Many 
boundary value problems have been studied 
ranging from liquefaction induced lateral flow 
past piles supported by Shimizu Corporation, 
plastic buckling of piles, liquefaction-induced 
settlement of rock fill dams, etc. In a recent 
project the dynamic soil-structure interaction of 
foundations of heavy structures such as Nuclear 
Reactor Buildings that are founded on stratified 
soi has been investigated. Dr Madabhushi has a 
strong interest in Finite Element analyses of 
liquefaction problems. The FEA have been used to 
investigate many boundary value problems 

including the sheet pile walls, dynamic SSI 
problems with heavy foundations, etc.  
 
The geotechnical interest in liquefaction problems 
also extends to the counter measures that are 
currently being used worldwide to mitigate 
damage. In this area Dr Madabhushi has 
researched into the in situ densification as a 
liquefaction mitigation measure at bridge 
foundations in a £170k project supported by 
EPSRC and Mott MacDonald. Similarly the 
efficacy of field drains in dissipating the excess 
pore water pressures generated during liquefaction 
was investigated. A new EPSRC proposal will be 
submitted in collaboration with Nilex 
Corporation, USA and Mott MacDonald, UK to 
look at the combined effects of in situ 
densification and drainage. 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 last 
five years is the seismic behaviour of waste 
containment structures. The work in this area has 
been supported by Santa Clara University, 
California that has led to a research proposal to 
NSF, USA. Exciting new data on load distribution 
on landfill components such as geomembrane 
layers following earthquake loading with or 
without liquefaction are coming to light. A new 
model waste has been developed that mimics the 
MSW under static and dynamic loading.  
 
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.  
 

http://www2.eng.cam.ac.uk/~mspg1/pub~1.html
http://www.solatanche-bachy.com/nemisref
http://www.solatanche-bachy.com/nemisref


 
 

Kenichi Soga 
Reader in Geomechanics 2003 
 
The year 2003 was my ninth year at Cambridge 
since joining the Group in November 1994. Mei 
Cheong submitted her MPhil thesis on “Influence 
of underground excavation on compaction 
grouting in soft clay” in February and now works 
at Mott McDonald as a geotechnical consultant. 
Piau Cheong (not related to Mei!) submitted his 
MPhil thesis on “Three dimensional finite element 
analysis of soil-pipeline interaction” in August 
and decided to continue his study for a PhD. Anil 
Waduge submitted his PhD thesis on “Physical 
and numerical modelling of source zone 
remediation by air sparging” in December 2003 
and is waiting for his viva in March 2004. He will 
be working at ARCADIS Geraghty and Miller 
International as a remediation expert. Ana Carla 
Mesquita of the Federal University of Rio de 
Janeiro COPPE spent a year at Cambridge 
working on NAPL remediation using in situ 
chemical oxidation and biosurfactant. She went 
back to Brazil in March to complete her PhD at 
COPPE. Professor Susan Burns of the University 
of Virginia spent part of her sabbatical at 
Cambridge from October to December as a 
visiting researcher, developing new ideas in the 
area of geoenvironmental engineering. Dr Assaf 
Klar of Technion University in Israel joined the 
group in July as a numerical expert in earthquake 
geotechnical engineering and working on the EU 
funded NEMISREF project. I had various overseas 
trips. I visited MIT in March and Virginia Tech 
and the Colorado School of Mines in August. The 
week long stay at Virginia Tech was most notable 
working with Professor Jim Mitchell on the third 
edition of “Fundamentals of Soil Behavior”, 
which is planned to be completed in early 2004 
(hopefully!). Other trips include Okayama, Lyon 
and many other places to present papers at 
international conferences. I continue to serve as an 
editorial board member of Geotechnique, ASCE 
Geotechnical and Geoenvironmental Journals and 

JGS Soils and Foundations. I was promoted to 
Reader in October.  
 
1) Tunnel construction processes and its 

influence to adjacent underground 
infrastructure (with Ming Wongsoraj, Eduard 
Vorster, Kensuke Date and Professor Robert 
Mair) 

The work of underground construction continues. 
Ming Wongsoraj is conducting 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 is then extended to 
develop design methods for estimating long-term 
performance of tunnels. The investigation includes 
the effects on construction processes, soil 
properties and drainage conditions of the tunnel. 
He is also performing numerical analysis of the 
Channel Tunnel Rail Link 220 tunnelling for 
Nishimatsu Construction, the contractor of the 
CTRL 220. Eduard Vorster is conducing 
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 is also 
developing a design method to evaluate the 
interaction effects and plans to perform finite 
element analysis to verify the method. His work is 
supported by Cambridge-MIT Institute project 
(see below). Kensuke Date joined the group in 
October from Kajima Technical Research Institute 
and will be working on tunnel face stabilisation 
using fore-poling method. He is now designing a 
centrifuge model to simulate the construction 
processes of the method and plans to find an 
optimum geometry for various tunnelling 
scenarios.   
 
2) Grouting processes (Mei Cheong and Khalid 

Gafar) 
Long-term effects of grouting for settlement 
control (compensation grouting) have been the 
centre of the investigation in the past few years. 
So far the work has been limited to injection of 
grout into clays without modelling the excavation 
process. Mei Cheong extended this work to 
examine the interaction of open excavation (cavity 
collapse) and grouting (cavity expansion). She 
performed laboratory scale model tests to examine 
whether it is preferable to injection grout close to 
the opening or not. Both short-term effects (in 
terms of additional pressure applied to the 
opening) and long-term effects (consolidation 
induced ground deformation) were investigated. 
Results show that injecting grout at the same time 
of the opening gives the best compensation 
grouting efficiency and limited additional pressure 
to the opening. Khalid Gafar joined the group in 
October and plans to perform grouting in sandy 



materials and to assess the use of dynamic 
injection to control the movement of injected 
grout in the soil. Currently he is designing a large 
soil consolidation chamber to perform grouting at 
multiple locations both statically and dynamically.  
 
3) Monitoring and Assessment of Ageing 

Infrastructure (Dr SW Jacobsz, Eduard 
Vorster, Gary Choy, Dr Peter Bennett and 
Professor Robert Mair) 

This three-year project is in collaboration with 
MIT and is supported by Cambridge-MIT 
Institute. It is in the second year and the 
achievement in the first year was the installation 
of a wireless deformation sensor system into a 
London Underground tunnel. The deformation of 
the LUL tunnel was monitored during 
construction of the new Channel Tunnel Rail Link 
tunnel (Contract 220). The measured deformation 
data were sent by a wireless link inside the tunnel 
and then transferred to a MIT server by a digital 
mobile phone line in order to show the data in 
real time. Dr SW Jacobsz, Eduard Vorster and 
Gary Choy spent many nights in London to install 
the sensors and to ‘monitor’ the performance of 
data connection (their sleepless efforts should be 
acknowledged!) Dr Peter Bennett, who is a fibre 
optics expert, joined the group recently to 
investigate the use of fibre optics technologies to 
monitor the deformation of ageing infrastructure. 
The second year of the project will focus on fibre 
optics in collaboration with Thames Water and 
London Underground Ltd. 
 
4) Soil-pipeline interaction (Piau Cheong) 
This work investigates 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 was examined by Piau 
Cheong as part of his MPhil research using three 
dimensional finite element analysis. The effects of 
embedment depth and soil density (medium to 
dense conditions) were investigated and a design 
chart was developed. Piau also simulated the full 
scale soil-elbow pipe loading tests performed at 
Cornell University. His preliminary analysis gave 
some encouraging results. He decided to continue 
this work as his PhD research. The work is 
supported by Tokyo Gas. 
 
5) Modelling of soil liquefaction (Dr Aleksandar 

Spasojevic, Dr Assaf Klar, Dr Gopal 
Madabhushi and Professor Malcolm Bolton) 

The EU funded NEMISREF project is lead by Dr 
Madabhushi and I am involved in the 
development of finite element program that 
simulates the initiation of soil liquefaction. The 
actual implementation work is lead by Dr 
Aleksandar Spasojevic. We hope that the work 
will be completed in early 2004. Dr Assaf Klar is 
investigating various soil improvement methods to 
reduce the risk of soil liquefaction under existing 

buildings using numerical analysis. In this project, 
separate centrifuge work is conducted by 
researchers under the guidance of Dr Madabhushi 
and Professor Bolton.  
 
6) Assessment of In situ Remediation 

Technologies Using Mass Flux Approach 
(with Anil Waduge, Indu Kulasooriya, John 
Page) 

Field data shows that the efficiencies of various in 
situ source zone removal technologies are rather 
limited. Accepting this limitation, this research 
investigates the amount of contaminant mass flux 
generated from post- remediation source zones. 
The selected remediation technologies include (a) 
air sparging for LNAPLs near water 
table, (b) surfactant washing (both chemical and 
biological) for DNAPLs and (c) in situ chemical 
oxidation for DNAPLs. The mass flux from 
source zones remediated at different levels is 
measured at different groundwater flow velocities 
in different scales (column and tank experiments). 
A mass flux model is developed for risk 
assessment of contaminated sites after 
remediation. The effects of soil and source zone 
heterogeneities are examined by creating soil 
models with stochastic random permeability 
field. 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 Cambridge 
Commonwealth Trust, EPSRC and Kajima 
Technical Research Institute.  
 
7) Heterogeneity Effect on Contaminant Source 

Zone Characterisation (with John Page) 
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. 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. Heterogeneous soil models are created 
both in the tank models and numerical models. 
Partitioning interwell tracer tests are also 
performed to relate the tracer data to mass flux 
data. The work is supported by EPSRC and 
Kajima Technical Research Institute. 
 
8) In situ 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. The current 
UK practice involves casting samples from the 



fluid slurry during construction and carrying out 
permeability, strength and deformation 
measurements in the laboratory. However, those 
laboratory samples may not be representative of 
the actual material within the finished wall due to 
the different stress conditions during setting and 
the existence of fissures and heterogeneity due to 
soil inclusions. In addition, these engineering 
properties can change over time due to ageing of 
the material and chemical reactions from contact 
with the contaminants. Hence in-situ testing is a 
preferable alternative as it allows for testing a 
substantial volume of material in as undisturbed a 
state as possible as well as the evolution of its 
properties over time. 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. 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 work is 
done in collaboration with Cambridge Insitu and 
Building Research Establishment and is funded by 
EPSRC. 
 
9) Long-term Performance of Contaminant 

Containment Systems (with Dr Cedric 
Kechavarzi and Ken Sutherland  

In developing technical guidelines for in situ 
testing and design specifications for containment 
systems it is essential to understand the long term 
behaviour of the materials used for their 
construction. 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. Hence a new laboratory testing 
program using a flexible wall permeameter is 
being designed to investigate the effect of ageing 
on cement-bentonite including wetting and drying 
cycles as well as chemical attacks. The comparison 
between the permeability of 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 should 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.  
 

10) Natural Cap Layers for Contaminated Sites 
(with Claire Nally) 

This is a new research initiative to investigate the 
interaction of surface and subsurface waters, 
to understand contaminant mass flux from the 
source zone in the unsaturated zone and 
ultimately to develop a design method of natural 
cap layers for contaminated sites. The work is in 
collaboration with Silsoe Research Institute (Dr 
Richard Whalley) and funded by BBSRC. 
Field testing is planned in collaboration with 
ARCADIS Geraghty&Miller International. 
 
11) In situ Remediation of DNAPL Source Zone 

in Deep Aquifers Using Water Jet 
Technologies (with Henry Ji) 

This is a new research initiative to develop an in 
situ remediation technology to remove DNAPLs 
from deep aquifers. The current in situ source 
zone removal technologies such as surfactant 
enhanced remediation have limited removal 
efficiencies. In this research, an innovative water 
jetting technology, which allows working in deep 
aquifer environments, is used to either (a) remove 
the source zone to a much higher degree 
compared to the existing technologies or (b) 
injecting treatment agents. Both column and tank 
experiments are planned to study the feasibility of 
removing contaminants using jetting and grouting 
and to evaluate the influence zone under 
various operational conditions.  
  

Publications in 2003 

1. Soga, K., Kawabata, J., Kechavarzi, C., 
Coumoulos, H. and Waduge, W.A.P. (2003) : 
"Centrifuge modelling of nonaqueous phase 
liquid movement and entrapment in 
unsaturated layered soils," Journal of 
Geotechnical and Geoenvironmental 
Engineering, American Society of Civil 
Engineers, Vol. 129, No. 2, pp. 173-182 

2. Au, S.K.A., Soga, K., Jafari, M.R., Bolton, 
M.D. and Komiya, K. (2003) : "Factors 
affecting long-term efficiency of compensation 
grouting in clays," Journal of Geotechnical 
and Geoenvironmental Engineering, American 
Society of Civil Engineers, Vol. 129, No. 3, 
pp. 254-262 

3. Ratnam, S., and Soga, K. (2003) : "An 
evaluation of geometric factors used in the 
two stage borehole test (ASTM D6391-99) 
using the finite element method," ASTM 
Geotechnical Testing Journal, American 
Society of Testing Method, Vol. 26, No. 2, pp. 
228-234 

4. Soga, K., Au, S.K.A. and Bolton, M.D. (2003) 
: "Effect of injection rate on soil-grout 
behavior for compensation grouting," ASCE 
Geotechnical Special Publication No. 120, 
Vol. 1, pp. 845-856 



5. Gunzel, F.K., Craig, W.H., Cranon, P., 
Cottineau, L-M., Kechavarzi, C., Lynch, R.J., 
Merrifield, C.M., Oung, O., Schenkeveld, 
F.M., Soga, K., Thorel, L. and Westrate, F.A. 
(2003) : "Evaluation of probes and techniques 
for water content monitoring in geotechnical 
centrifuge models” International Journal of 
Physical Modelling in Geotechnics, Vol. 3, 
No. 1, pp. 31-44 

6. Kobayashi, I., Soga, K., Iizuka, A. and Ohta, 
H. (2003) : “Numerical interpretation of a 
shape of yield surface obtained from stress 
probe tests” Soils and Foundations, Vol.43, 
No. 3, pp. 95-104  

7. Bowman, E.T. and Soga, K. (2003) : “Creep, 
ageing and microstructural change in dense 
granular materials,” Soils and Foundations, 
Vol. 43, No. 4, pp. 107-118 

8. Waduge, W.A.P., Soga, K. and Kawabata, J. 
(2003) : “Effect of subsurface heterogeneity 
on remediation of source zone by air sparging 
with soil vapour extraction,” Consoil 2003, 
8th International Conference on 
Contaminated Soil 

9. Page, J.W.E. and Soga, K. (2003) : 
“Heterogeneous source zone characterization 
and remediation evaluation: a risk based mass 
flux approach” Consoil 2003, 8th 
International Conference on Contaminated 
Soil 

10.Soga, K., Kulasooriya, I.H., Mesquita, A.C., 
Page, J.W.E. and Waduge, W.A.P. (2003) : 
“Evaluating risk after remediation for NAPL 
contaminated sites,” Invited paper, 
Groundwater Engineering, Kono, I., 
Nishigaki, M. and Komatsu, M. (eds), 
Balkema, pp.75-87 

11.Page, J.W.E., Soga, K. and Gowers, N.S. 
(2003) : “DNAPL contaminant mass outflux 
rate and its relation to remediation cleanup 
level,” Groundwater Engineering, Kono, I., 
Nishigaki, M. and Komatsu, M. (eds), 
Balkema, pp. 359-365 

12.Soga, K., Page, J.W.E. and Kulasooriya, I.H. 
(2003) : “A risk based mass flux approach for 
source zone remediation evaluation,” 
European Conference on Soil Mechanics and 
Geotechnical Engineering, Prague, Vol. 1, pp. 
475-480 

13.Barla, M., Borgi, X., Mair, R.J. and Soga, K. 
(2003) : “Numerical modelling of pipe-soil 
stresses during pipejacking in clays,” 
European Conference on Soil Mechanics and 
Geotechnical Engineering, Prague, Vol. 2, pp. 
453-458 

14.Yimsiri, S. and Soga, K. (2003) : "Small strain 
stiffness anisotropy: relationship between 
continuum model and micromechanics 
model" IS-Lyon Deformation Characteristics 
of Geomaterials. 

15.Yimsiri, S., Soga, K., Yoshizaki, K., and 
Dasari, G. R. (2003), "Soil-Pipelines 
Interaction in Sand under Upward Movement 

at Deep Embedment Condition", Proc. of the 
12th Asian Regional Conference on Soil 
Mechanics and Geotechnical Engineering, 
12ARCSMGE, Singapore, Eds. Leung et al., 
Vol. 1, pp. 891-894 

 
Publications to appear in 2004 
 
16.Soga, K., Au, S.K.A., Jafari, M.R. and Bolton, 

M.D. (2004) : "Laboratory investigation of 
multiple injection into clay," accepted for 
publication in Geotechnique.

17.Yimsiri, S., Soga, K., Yoshizaki, K., Dasari, 
G.R. and O'Rourke, T.D. (2004) : "Lateral 
and upward soil-pipeline interactions in sands 
for deep embedment conditions," accepted for 
publication in the Journal of Geotechnical and 
Geoenvironmental Engineering, American 
Society of Civil Engineers 

18.Soga, K., Page, J.W.E and Illangasekare, T.H. 
(2004) : "A review of source zone remediation 
efficiency and the mass flux approach," 
accepted for publication in the Journal of 
Hazardous Materials 

19.Waduge, W.A.P., Soga, K. and Kawabata, J. 
(2004) : "Effect of LNAPL entrapment on air 
sparging efficiency," accepted for publication 
in the Journal of Hazardous Materials 

20.Teetes, G.R., Soga, K. and Mrugala, M.J. 
(2004) : "Field instrumentation and back 
analysis of an elliptical shaft construction for 
the Texas Superconducting Super Collider 
Project," accepted for publication in Soils and 
Foundations.

21.Ratnam, S., Soga, K. and Whittle, R.W. (2004) : 
"A field permeability measurement technique 
using a conventional self-boring 
pressuremeter," tentatively accepted for 
publication in Geotechnique

 



 

 
 

Dave White 
Lecturer 
 
The period February to September 2003 was spent 
working in Cambridge on a variety of projects. 
The piling collaboration with Giken Seisakusho 
has continued, with Giken-sponsored students 
David Rockhill and Gulin Yetginer completing 
award-winning final years before leaving for 
industry. A programme of full-scale pipeline 
testing kicked off, keeping myself and Johnny 
Cheuk occupied over the summer. Meanwhile, 
Andy Take and I have disseminated our image 
analysis system to colleagues around the UK and 
abroad. I spent the beginning and end of 2003 at 
the University of Western Australia enjoying the 
weather, the Rugby World Cup, and 
collaborations with colleagues at the Centre for 
Offshore Foundation Systems at UWA. 
 
1) Image-based deformation measurement  
 
In collaboration with Dr Andy Take, the image-
based deformation measurement system we 
developed during our PhD research has been 
applied to a variety of geotechnical modelling 
projects both in Cambridge and elsewhere. Our 
Particle Image Velocimetry (PIV) software is now 
in use at 12 universities and research institutes 
worldwide. I presented a short course on ‘image 
analysis in geotechnics’ at the University of 
Dundee in June 2003, and have contributed to 
further publications describing the system and 
presenting applications[1,2,3,4,5,6]. The application 
of PIV for the measurement of construction-
induced ground movements has been explored in 
collaboration with Rail Link Engineering, during 
construction of the Channel Tunnel Rail Link. 
 
2) Piled foundation behaviour 
 
Previous research examined the deformation 
mechanisms that govern pile capacity in sand. 
Plane strain calibration chamber tests quantified 
the deformation around the tip of a foundation 

pile, and the response of the interface layer 
adjacent to the shaft during further penetration [2]. 
The observed mechanisms highlighted the wisdom 
of using CPT data to predict pile base resistance. 
A review of field measurements of pile base 
resistance supports this conclusion [7].  
 
The underlying mechanisms governing pile shaft 
resistance remain more elusive. The load-transfer 
behaviour at the pile-soil interface has been 
examined more closely through Constant Normal 
Stiffness (CNS) interface shear box testing [3,4].  
The new imaging techniques were combined with 
a transparent-sided interface shear box apparatus 
to allow direct measurement of the developing 
shear zone. The tests successfully replicated the 
degradation of pile shaft friction with cyclic 
loading. This research aims to improve upon 
current τ-z methods for modelling pile-soil 
interface response, by acknowledging the strong 
influence of volume change in the shear zone on 
the normal stress, and hence shear stress and shaft 
friction.  
 
To examine the influence of installation method 
on pile capacity without the expense of mobilising 
multiple piling rigs at a single test site, a 
programme of drum centrifuge testing was 
conducted during a research visit to the University 
of Western Australia. The performance of jacked 
and cyclically-installed piles was compared under 
monotonic and cyclic loading. An instrumented 
pile equipped with lateral total stress cells allowed 
the degradation of shaft friction to be measured. 
Analysis of these results has demonstrated the 
strong influence on shaft friction of cyclic 
displacement, whether during installation of the 
pile or subsequent loading. Parallels have been 
drawn between the on-pile measurements and the 
CNS data described above. The analysis indicates 
the potential design economies offered by non-
cyclic pile jacking installation methods, but warn 
of the weakening effects associated with cyclic 
working loads[8,9].  
 
This research is being conducted in collaboration 
with A/Prof J.T. DeJong (University of 
Massachusetts), A/Prof. B. Lehane (University of 
Western Australia) and Prof. M.F. Randolph 
(University of Western Australia). Recent progress 
in this research area was aided by my three-month 
visit to sunny Western Australia during October-
December 2003, kindly funded by St John’s 
College and the Australian Research Council’s 
Special Research Centre for Offshore Foundation 
Systems. 
 
During July 2003, myself and Prof. Bolton visited 
piling contractor Giken Seisakusho (in Kochi 
Japan), to discuss recent research progress, 
accompanied by Giken-sponsored undergraduates 
Gulin Yetginer, Andrew Deeks and Melvin 
Hibberd.  
 
Gulin Yetginer was awarded the ICE Prize for her 
final year MEng project, which arose from full-
scale load testing conducted during July 2002 in 
collaboration with Giken Seisakusho. She 



examined the strength and stiffness efficiency of 
groups of jacked piles, conducting a back-analysis 
of her field data using Prof. Randolph’s RATZ 
load-transfer software. The observed load-
settlement response of the jacked piles was 
notably stiff compared to predictions based on 
experience with driven and bored piles. Her back-
analysis demonstrated the strong influence of 
residual base load, locked-in by the jacking 
process, on pile head stiffness[10]. Gulin left CUED 
to work for Fugro UK Ltd. 
 
David Rockhill was awarded the Roscoe Prize for 
his performance during the 2002/2003 academic 
year. He and Gulin presented their MEng project 
work in papers published at the International 
Conference on Foundations in Dundee[10,11]. 
David’s project examined the ground vibrations 
created by jacked pile installation. David travelled 
to 11 job sites in Japan and the UK, monitoring 
ground vibrations using a set of triaxial 
geophones. His time series analysis of the 
geophone data identified key vibration sources 
during the piling procedure. His report contains 
guidelines for designers concerned with possible 
vibrations from jacked piling, and useful 
information for machine operators aiming to 
operate their ‘press-in’ piling rigs with minimal 
disturbance[11]. David now work for Buro 
Happold. 
 
Earlier research into novel H-pile caisson 
foundations has reached publication[12], and I 
presented an invited lecture at the ‘International 
Press-in Piling Symposium’ in Tokyo during 
October 2003, summarising our recent piling 
research. 
 
3) Seabed pipeline behaviour 
 
The stability of seabed pipelines depends on the 
support offered by the seabed soil and the applied 
thermal and environmental loading, due to the 
transmission of hot oil and the action of waves 
and current. Scaling effects between small-scale 
(centrifuge) modelling of pipe behaviour and the 
full-scale response have been investigated. A 
theoretical model for the brittle post-localisation 
response of soil has been used to demonstrate the 
possibility of a scaling effect on the mobilisation 
distance of pipe uplift resistance arising through 
progressive failure [13]. This observation has 
implications for the length-scale similitude of 
small-scale models (or element tests) of soil in 
which shear bands have formed. 
 
Laboratory testing of seabed pipelines has been 
undertaken as part of a joint industry project 
(SAFEBUCK) and for TotalFinaElf. The resistance 
encountered during lateral and axial excursions 
across the seabed caused by temperature cycles of 
a longitudinally-restrained pipeline has been 
studied and compared with predictions based on 
plasticity theory. The process of buckling through 
a series of temperature cycles causes the pipe to 

dig berms at the extremity of the cycle. These have 
a strong influence on the lateral resistance 
encountered by the pipeline, which is overlooked 
in conventional design methods. Simple models 
for berm formation have been proposed, in order 
to aid design. 
 
4) Particle Size Measurement 
 
A new Single Particle Optical Sizing (SPOS) 
instrument for the measurement of Particle Size 
Distribution (PSD) is available at the Schofield 
Centre. Theoretical analysis has been conducted 
to establish the equivalence of this modern 
technique and conventional sieving methods. A 
series of validation tests have been reported and 
precise measurements of particle degradation in 
element and model tests can now be made[14]. 
 
5) Mudmat foundation behaviour 
 
Dominic Joray visited from ETH Zurich to 
complete his Diploma project at the Schofield 
Centre. His work examined the behaviour of 
mudmat foundations, which typically comprise a 
steel grillage and are widely used to support small 
or temporary seabed structures. In collaboration 
with Technip Offshore, a series of model tests 
were planned to investigate appropriate 
modifications to conventional design methods in 
order to account for the reduced plan area of a 
perforated shallow foundation. Dominic arrived 
too late to help with the preparation of his tank of 
seabed mud, but completed a long series of tests, 
beyond his original project scope.
 

 
 
Preparation of the large-scale seabed test tank 
 
MEng projects students: 
 
Gulin Yetginer  “Press-in piling” (Distinction, 
ICE Best Project Prize) 
David Rockhill  “Ground vibrations due to 
construction operations” (Distinction, Roscoe 
Prize) 
 



Publications: 
 
1. White D.J., Take W.A. & Bolton M.D. 2003. 

Soil deformation measurement using Particle 
Image Velocimetry (PIV. and 
photogrammetry. Géotechnique 53 7:619-
631 

 
2. White D.J. & Bolton M.D. 2004. 

Displacement and strain paths during pile 
installation in sand. Accepted for publication 
in Géotechnique 

 
3. DeJong J.T., Randolph M.F. & White D.J. 

2003. Interface load transfer degradation 
during cyclic loading: a microscopic 
investigation. Soils & Foundations 43 4:81-
93 

 
4. DeJong J.D., White D.J. & Randolph M.F. 

2003. Effect of cementation on cyclic soil-
structure interface behaviour. Proc. 16th 
ASCE Engineering Mechanics Conference, 
Seattle  4p. 

 
5. White D.J., Richards D.J. & Lock A.C. 2003. 

The measurement of landfill settlement using 
digital imaging and PIV analysis. Proc. 9th 
Int. Waste Management and Landfill 
Symposium, Sardinia  

 
6. O’Loughlin C., Lehane B.M. & White D.J. 

2003. Optical measurement of soil 
movements beneath shallow foundations on 
sand. Proc. XIIIth Eur. Conf. Soil Mech. & 
Geotech. Engng., Prague 

 
7. White D.J. & Bolton M.D. 2004. Field 

measurements of CPT and pile base 
resistance in sand. Accepted for publication 
in ICE Proc. Geotechnical Engineering (also 
CUED Technical Report, D-SOILS-TR327. 

 
8. White D.J., Ong D.S. & Lehane B.M. 2003. 

Drum centrifuge modelling of displacement 
piles in sand: data report. Cambridge 
University Engineering Department Tech. 
Report, D-SOILS-TR325  

 
9. White D.J. & Lehane B.M. 2004. Friction 

fatigue on displacement piles in sand. 
Submitted for publication 

 
10. Yetginer A.G., White D.J. & Bolton M.D. 

2003. Press-in piling: field testing of cell 
foundations. Proc. BGA International 
Conference on Foundations, Dundee 

 
11. Rockhill D.J., Bolton M.D. & White D.J. 

2003. Ground vibrations due to piling 
operations. Proc. BGA International 
Conference on Foundations, Dundee 743-
756 

 
12. White D.J., Bolton M.D. & Wako C. 2003. A 

novel urban foundation system using pressed-
in H-piles. Proc. XIIIth Eur. Conf. Soil Mech. 
& Geotech. Engineering, Prague 2:425-432 

 
13. Palmer A.C., White D.J., Baumgard A.J., 

Bolton M.D., Powell T.  2003. Scale effects 
in the uplift resistance of buried submarine 
pipelines. Géotechnique 53 10:877-883 

 
14. White D.J. 2003. PSD measurement using the 

single particle optical sizing (SPOS) method. 
Géotechnique 53 3:317-326  

 
 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
The researchers 
 
Each research worker in the 
Geotechnical and Environmental 
Research Group has prepared a 
short description of their activities 
during 2003. 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 
Research Associate, Wolfson College 
 
Supervisor: Dr Gopal Madabhushi 
PhD Topic: The Effectiveness of vertical drains as 

a treatment against earthquake-induced 
liquefaction 

 
This year the bulk of my work has been a series of 
dynamic centrifuge tests for the EU funded 
NEMISREF project, aiming to improve the 
seismic response of existing foundations. In 
addition to the liquefaction work carried out by 
Helen Mitrani, my two areas of interest have 
been: 
 
i) Reducing earthquake-induced acceleration 

levels in dry sands. This is being carried out in 
collaboration with the large shaking table at 
Bristol University, and numerical modellers in 
Thessaloniki and Paris. Work has led to the 
development, at Soletanche-Bachy, of a new 
polymer for creating low-stiffness layers 
beneath structures which should filter out 
damaging components of earthquake shear 
waves.  

ii) Quantifying and reducing damage to structures 
at slope crests where acceleration levels are 

higher during earthquakes. Part of this has 
involved developing a model masonry structure 
for the centrifuge, which consists of Linka 
modular plaster walls and a steel modular 
roof. 

 
I have also been working with the design engineer 
to create a new dynamic centrifuge container built 
from very light, freely moving frames that pose no 
resistance to soil movement during shaking and 
therefore satisfy boundary conditions for a wider 
range of problems than is currently possible. 
 
In October, I took up a Junior Research 
Fellowship at Wolfson College. 
 
Publications during the year: 
 
1. Brennan, A.J. & Madabhushi, S.P.G. (2003) 

Physical and Numerical Modelling of 
Drainage in Liquefied Soils. Proceedings of 
the Fourth International Conference of 
Earthquake Engineering and Seismology, 
Tehran, Iran, May 2003. 

 
 

 
 

Paulo Lopes de Coelho 
 
Supervisor: Dr Gopal Madabhushi 
Year: 2nd 
PhD Topic: Densification as a Liquefaction 

Resistance Measure for Bridge Foundations 
 
I started my PhD at Cambridge University 
Engineering in April 2002, in the field of 
earthquake-induced liquefaction and the use of 
densification to mitigate its effects in bridge 
foundations. The research is funded by a Research 
Grant from the Engineering and Physical Sciences 
Research Council (EPSRC) and is also financially 
and technically supported by Mott MacDonald, 
UK. 
 



The research project, entitled “Densification as a 
Liquefaction Resistance Measure for Bridge 
Foundations”, aims to combine the use of 
centrifuge and numerical modelling to investigate 
the behaviour of bridges founded on liquefiable 
deposits and to enhance the use of densification as 
a liquefaction resistance measure for these 
structures. As a result, guidelines and procedures 
for use in design practice in order to increase the 
resistance of bridges built on liquefiable deposits 
are expected to be established.  
 
Until now, 7 centrifuge tests have been performed 
in the Schofield Centre 10 m beam centrifuge at 
50g on models enclosed in an ESB (equivalent 
shear beam) container. The models, built with 
Leighton Buzzard fraction-E silica sand, aimed to 
evaluate: 
 
1. the behaviour of uniform deposits of saturated 

sand with different relative density (ranging 
from 50 to 80 %) under similar strong 
shaking; 

 
2. the effects of a seismic event on a bridge deck 

built on liquefiable ground; 
 
3. the improvement of performance achieved with 

densified zones under the bridge footing having 
different geometries. 

 
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, the behaviour of the bridge, 
including its accelerations and deformations 
during and after the shaking, were also recorded. 
Some additional centrifuge tests will be carried 
out in the near future. All the experimental results 
will be compared with numerical simulations, 
which can also be used to extrapolate conclusions 
for a wider range of geometries of the zone of 
ground improvement. The results will also be 
analysed in relation to the common design 
practice, based on triaxial test experiments. 
 
Publications during the last year: 
 
1. Coelho, P.A.L.F., Haigh, S.K. & 

Madabhushi, S.P.G. (2003) Boundary effects 
in dynamic centrifuge modelling of 
liquefaction in sand deposits. 16th ASCE 
Engineering Mechanics Conference, Seattle, 
Washington, July 2003. 

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

S.P.G. & O'Brien, A.S. (2003) On the use of 
densification as a liquefaction resistance 
measure. BGA International Conference on 
Foundations, Dundee, Scotland, September 
2003. 

 

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

 
 

Barnali Ghosh 
Research Fellow 
 
Supervisor: Dr Gopal Madabhushi 
PhD Topic: Behaviour of rigid foundation on 

layered soil during seismic liquefaction 
 
This year has been very fruitful year for me. I 
submitted my PhD thesis in the month of 
December and am now waiting for my oral 
examination. 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. 
 
I was also awarded the 1851 research fellowship 
awarded by the Royal Commission for the 
Exhibition of 1851. This is a two year post 
doctoral award which enables me to travel and 
research anywhere in the world. 
 
I was also successful in establishing a research link 
with my previous employer in India. I visited 
Bhabha Atomic Research Centre (BARC) during 
August and presented my work to the senior 
scientists and they supported my decision for 
further research. 



 
This year was also good in terms of publications. I 
wrote a couple of papers which were accepted in 
International Conferences. The list of the papers 
accepted for publication are: 
 
1. Ghosh B. & Madabhushi S.P.G. (2003), “A 

numerical investigation into effects of single 
and multiple frequency  earthquake input  
motions”, Journal of Soil Dynamics and 
Earthquake Engineering.  23(8), 691-704.  

 
2. Ghosh, B. & Madabhushi, S.P.G. (2003), 

“Physical modelling of failure of raft 
foundations during earthquake liquefaction”, 
FONDSUP 2003, International symposium 
on shallow foundations, November 5-7, 
Paris. 

 
3. Ghosh B. & Madabhushi S.P.G. (2003), 

“Effects of Localised soil inhomogenity in 
modifying seismic soil structure interaction”, 
Proceedings of the 16th Engineering 
Mechanics Conference, 16th -18th July, 
Seattle, 60-65. 

 
 

 
 

Stuart Haigh 
Research Fellow, Girton College 
 
Since finishing his PhD in early 2002, Stuart has 
been working as a Research Associate on an 
EPSRC funded project investigating the 
effectiveness of vibro-densification as a 
liquefaction remediation method for shallow 
foundations. This project involves both dynamic 
centrifuge tests, largely carried out by Paulo 
Coelho, and both class A and C finite element 
analyses using SWANDYNE, carried out by 
Stuart. 
 
By picking constitutive parameters using class C 
analyses of dynamic centrifuge tests on level soil 
beds, very good performance has been achieved in 
class A analyses of bridge foundations on 
liquefiable soil. 
 

Stuart has also been involved in supervising two 
MEng projects, which involve the use of high-
speed digital imaging and PIV to monitor seismic 
failures of shallow foundations and retaining 
walls using a 1-g shaking table. He has also been 
involved in teaching part of the graduate module 
“Advanced Experimental Methods in 
Geomechanics”. 
 
Publications: 
 
1. Coelho, P.A.L.F., Haigh, S.K., Madabhushi, 

S.P.G. & O'Brien, A.S. (2003) On the use of 
densification as a liquefaction resistance 
measure. BGA International Conference on 
Foundations, Dundee, Scotland, September 
2003. 

 
2. Coelho, P.A.L.F., Haigh, S.K. & 

Madabhushi, S.P.G. (2003) Boundary effects 
in dynamic centrifuge modelling of 
liquefaction in sand deposits. 16th ASCE 
Engineering Mechanics Conference, Seattle, 
Washington, July 2003. 

 
 

 
 
Jonathan Knappett 
 
Supervisor: Dr Gopal Madabhushi 
Year:  1st 
PhD Topic: Liquefaction induced buckling of 

pile groups 
 
I’m a new face as far as the yearbook is 
concerned, having only started work for my PhD 
in October.  However, many of you may have 
seen me up at the Schofield Centre earlier in the 
year while I was finishing my MEng project on 
seismic bearing capacity of shallow foundations, 
for which I used the new Phantom 5 fast camera 
and PIV. 
 
After graduating with my BA/MEng with 
distinction in June, I went on a short tour of 
Malta with my College choir (with whom I have 
sung for 4 years), before returning to my 
hometown of Kettering which is (literally) just 



down the road in Northamptonshire.  There, I 
worked during the summer vacation as the 
administrator for the psychotherapy department 
of my local NHS hospital for a bit of a change 
before returning to Cambridge. 
 
For my PhD, I am studying liquefaction-induced 
buckling of pile groups, including the effects of 
lateral spreading on the buckling load, taking up 
where Dr Subhamoy Bhattacharya finished earlier 
this year.  This work is supported by funding from 
EPSRC.  Aside from earthquakes, my interests 
include choral singing with Magdalene College 
Chapel Choir, ballroom dancing and 
photography.   
 
Publications during 2003: 
 
1. “Dynamic Bearing Capacity.”  Fourth Year 

report submitted in partial fulfilment for the 
degree of Master of Engineering, University 
of Cambridge.   

 
 

 
 

Helen Mitrani 
 
Supervisor: Dr Gopal Madabhushi 
Year:  2nd 
PhD Topic: Grouting schemes to counter 

liquefaction: a centrifuge model study 
 
I started a PhD at Cambridge in October 2002, so 
am now in the middle of my second year. I am 
working on the NEMISREF project, investigating 
ways of using grout to modify existing 
foundations and hence protect existing structures 
against damage due to liquefaction during 
earthquakes. Since starting my PhD, I have carried 
out five centrifuge tests, including two benchmark 
tests and two tests with ground improvement. 
 
The first benchmark test used a single degree of 
freedom structure founded on a homogeneous bed 
of saturated sand, which was subject to 
earthquake shaking. The second test was identical, 
except that a two degree of freedom structure was 
used. In both tests, accelerations of the soil and 

structure, pore pressures in the soil and 
displacements of the soil and structure were 
measured. These results are being compared to 
those from two tests carried out using the same 
structures but with the addition of an 
arrangement of inclined ‘needles’, or grout 
inclusions beneath the foundation. 
 
Following meetings with the other partners 
involved in the NEMISREF project, it has been 
decided that two more ground improvement 
methods will be modelled and tested over the 
coming year. 
 
Publications: 
 
The paper ‘Seismic behaviour of a Two-Storey 
Structure and its Foundation’ by S.P.G 
Madabhushi and H. Mitrani has been accepted by 
the e-conference ‘Modern Trends in Foundation 
Engineering: Geotechnical Challenges and 
Solutions’, hosted by the Indian Institute of 
Technology, Madras. 
 
 

 
 

Assaf Klar 
Technion-Churchill College Post-Doctoral 
Exchange Researcher 
 
The objective of the European NEMISREF (New 
Methods For Mitigation Of Seismic Risk of 
Existing Foundation) project, in which the group 
takes part, is to reveal and develop foundation 
types which can alter the ground motion, and 
hence reduce costs of superstructure upgrade. 
Since new foundation types are involved, back to 
back numerical analysis and physical modelling 
are required, to both positively identify behaviour 
pattern and to indicate on what to look for in the 
physical modelling.  Assaf is conducting numerical 
analysis for different foundation types suggested 
in the project.  
 
Also, he is working on pile installation related 
problems, such as increasing capacity of piles with 
time due to excess pore pressure dissipation. 
 



 

 
 

Thushy Thusyanthan 
 
Supervisor: Dr Gopal Madabhushi 
Year: 2nd 
PhD Topic: Behaviour of landfill systems under 

monotonic and earthquake loading 
 
I am in my second year of PhD, 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. Cracking in clay 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. Both Japan and 
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. 

 

 
The settlements in the foundation soil of a landfill 
can lead to clay liner cracking. Experiments are 
being carried out in order to understand the 
stress-strain criteria for crack initiation in clays. 
 
Recent Publications: 
 
1. N.I.Thusyanthan, S.P.G. Madabhushi, and 

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

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

Singh (2004b), “Development of a model 
municipal solid waste for use in centrifuge 
testing”, submitted to ASTM Geotechnical 
Testing Journal.  

 
3. N.I.Thusyanthan, S.P.G Madabhushi & S. 

Singh (2004c), 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 
 
Supervisor:  Dr. Abir Al-Tabbaa 
Year:  2nd 
PhD Topic: Stabilisation/Solidification (S/S) and 

Pelletisation of Petroleum Drilling Waste to be 
used as Sustainable Construction Aggregates 

 
The total waste arising from the UK industrial 
sites is estimated to be 240 million tonnes per 
annum. After imposing both the UK Landfill Tax 
in 1996 and Aggregate levy in 2002, the re-use of 
waste materials as raw resources for the 
manufacture of construction products; 
particularly aggregates, is considered a more 
economically viable solution than waste disposal 
option. Moreover, the utilisation of secondary 
aggregates to replace virgin/primary aggregates 
demonstrates high calibre in coinciding with the 
sustainability 'triple bottom line' of economic, 
environmental and social developments. 

 
My research is investigating the possibility of 
converting wastes and contaminated soils which 
contain high percentages of hydrocarbons, heavy 
metals, and chlorides into value-added 
construction products; particularly secondary 
aggregates. Oil drill cuttings are one example that 
will be concentrated on. Oil drill cuttings are 
wastes that are generated during the oil drilling 
process. The UK Continental Shelf (UCKS) is 
estimated to produce between 50,000 to 80,000 
tonnes wet weight of oily drill cuttings annually. 
Currently, the cuttings piles are around 1.3 
million cubic meters that has been built up on the 
North seabed in different locations. After the 
OSPARCOM decision 92/2, drill cuttings cannot 
be discharged at sea. Consequently, potential re-
use application had to be explored whenever 
technically feasible.  
 
My research studies two situations: the North Sea 
and Ras-Shukier, Gulf of Suez – Egypt.  My PhD 
work is divided into three major parts.  Firstly, S/S 
technique has been applied to different model 
samples of drill cuttings with different percentage 
combination of hydrocarbons, heavy metals and 
chlorides.  A number of conventional as well as 
novel binders with various percentages were 
utilised. S/S is utilizing waste-to-waste treatment, 
as most of the binders are industrial by-
products/wastes. Evaluation of the stabilised 
mixture was examined by different testing 
techniques. Namely: physical tests, chemical tests 
and micro-structural examination.   
 
Secondly, based on the physical and mechanical 
properties of the stabilised mixes, trials to convert 
the mixes into aggregates will be attempted. The 
technique of pelletisation will be utilised in my 
second year to convert the stabilised waste 
materials into secondary aggregates. Evaluation of 
the performance of the aggregates will be 
conducted to determine the general properties, the 
geometrical properties and the thermal and 
weathering properties of aggregates. 
 
Thirdly, life cycle analysis of the secondary 
aggregates produced from the drill cuttings will be 
studied.  The life cycle analysis will be evaluated 
by use of a relevant modelling tool. The embodied 
energy technique will be employed where all 
inputs are converted to a numerical energy inputs 
that are comparable in order to assess the 
environmental implication of each stage in the life 
cycle of the secondary aggregates produced from 
drill cuttings. 
 
 



 
 

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

organics in groundwater 
 
May's current 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 actually 
degraded, 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 supported-
catalyst photocatalytic reactor to degrade MTBE 
and also the design and evaluation of an in situ 
remediation scheme. 
 
Publications: 
 
1. M. S. M. Chan and R. J. Lynch, 2003, 

Photocatalytic Remediation of MTBE in 
Groundwater, Proceedings of ConSoil 2003 - 
8th International FZK/TNO Conference on 
Contaminated Soil, Gent, Belgium, pp 3521-
3528. 

 
2. M. S. M. Chan and R. J. Lynch, 2003, 

Photocatalytic Remediation of Petroleum 
Oxygenates in Water, Proceedings of 
International Conference on Pollution in the 
Metropolitan and Urban Environment 
(POLMET 2003), Hong Kong, China, 
Section 4A. 

 
3. M. S. M. Chan and R. J. Lynch, 2003, 

Photocatalytic degradation of aqueous 
methyl-tert-butyl-ether (MTBE) in a 
supported-catalyst reactor, Environmental 
Chemistry Letters, Vol. 1(3), pp 157-160. 

 
 
 

Burden Chitambira 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 5th 
PhD Topic: Accelerated Ageing of cement 

stabilised/solidified contaminated soils with 
elevated temperatures 

 
Although stabilisation/solidification has been 
described as one of the Best Demonstrated 
Available Technology (BDAT) in the USA, in the 
UK there is a general reluctance to adopt the 
technology. This is caused partly by uncertainties 
pertaining to the long-term stability of the treated 
materials due to lack of adequate field 
performance data. Most validation work carried 
out so far has focused on testing waste forms 
rather than soils, cured at ambient temperatures 
for periods up to 28 days. There is therefore a 
need to develop predictive methods using 
accelerated ageing techniques. 
 
The objective of this research was to assess the 
potential use of elevated-temperature accelerated 
ageing to provide an insight into the long-term 
stability of S/S treated contaminated soils. The 
work reported here details the laboratory 
experiments performed using model soils to 
“simulate” the contaminated soils at the Ministry 
of Defence, West Drayton site. It was found that 
the effectiveness of cementitious 
stabilisation/solidification lies in the ability of the 

http://www.ch.cam.ac.uk/
http://www.ch.cam.ac.uk/
http://www.epsrc.ac.uk/


cementitious materials to harden over time, 
creating the required hydration products which 
immobilise the contaminants. Some of the 
characteristics of the hydration products are 
known to change with time, for example, the 
degree of silicate polymerisation and pH. The 
literature review showed that elevated 
temperatures can reproduce some of these effects. 
Accelerated ageing tests using elevated 
temperatures were therefore conducted up to 3 
months, to investigate the various 
physicochemical characteristics of both un-aged 
and aged treated soils.  
 
The UCS, permeability, durability and leaching 
properties of the materials were studied and were 
generally found to improve as a function of 
temperature and time. Although microstructural 
examinations using X-ray diffraction and 
scanning electron microscopy demonstrated few 
hydration products in the multiple-contaminant 
mixes, there was evidence from the UCS and 
durability tests that normal hydration was taking 
place at 3 months. Mineral oil and lead nitrate 
alone were found to have an insignificant effect on 
the development of strength. In freeze-thaw 
durability tests some multiple-contaminant mixes 
performed better than the uncontaminated mixes. 

 
The results showed that it is possible to predict 
the service life of S/S materials based on the 
Arrhenius equation. The correlation with the field 
results produced mixed results with deviations 
attributed to differences in soil heterogeneity 
between the model and the site soils. 
 
 

 
 

Uchechukwu Duru 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 1st 
PhD Topic: In situ remedial solutions for heavy 

metal and hydrocarbon soil contamination 
 
Soil contamination leads to extended spatial and 
temporal toxicity effects on surrounding 

ecosystem. The development and deployment of 
remedial technologies is however retarded by 
paucity of knowledge on their performance in 
relation to desired end results.  
 
Such technologies involve the use of microbes and 
novel binders to minimise risk emanating from 
these contaminants through various pathways 
involving bio-catalysed degradation, active and 
passive biosorption, bioprecipitation, chemical 
and physical adsorption and complexation of 
these contaminants. Opportunities may exist for 
the possible integration of these various processes 
towards achieving maximal remediation potentials 
 
My research is towards designing in situ remedial 
solutions for heavy metal and hydrocarbon soil 
contamination. It will investigate the long term 
functionality of different novel materials(compost, 
pulverised fuel ash, zeolite)  in conjunction with 
microbial strains as soil amendments for 
remediation of contaminated soils under 
dissimilar environmental conditions such as 
changes in groundwater flow, seasonal climatic 
fluctuations, soil heterogeneity, which will be 
simulated in laboratory batch, column and tank 
setups. Treatments would be assessed based on a 
battery of physicochemical and biological tests 
evaluating contaminant degradation, 
bioavailability, and mobility.  
 
Results from this research would find applications 
in a sustainable multi-pronged approach for the 
reclamation of contaminated land. 
 
 

 
 

Francisco Hernandez-Martinez 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 2nd 
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 
understanding 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, the dry and the 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: 
 
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. (Accepted to publication) 

 

 
Scale columns of peat-cement 

 
 

 
 
Peat-Cement after 90 days of curing time 
 



 

 
 

Michael Harbottle 
Research Associate 
 
My research is part of the SUBR:IM consortium 
(www.subrim.org.uk), investigating the 
sustainability of remediation technologies. 
 
Initially, the primary objective is to obtain 
substantial information on many different 
remediation projects from the UK and overseas.  
The data will cover technical, economic and social 
aspects of brownfield clean-up.  This information 
will be used to compare sustainable performance 
of different projects and technologies, helping to 
identify technical areas where sustainability might 
be improved.  Laboratory investigations will then 
assess the feasibility of solutions to several of 
these problems.  Successful technologies may then 
be further considered using field trials. 
 
 

 
 

Heng Ji 
 
Supervisor: Dr Kenichi Soga 
Year: 1st 
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 water jet 
is proposed as an efficient and cost-effective 
solution to the problem. Water jet is used to cut 
and replace the contaminated soil. Alternatively, 
treatment material such as Zero-Valent Iron (ZVI) 
can be injected through 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. 
 
 

 
 

Cedric Kechavarzi 
Research Associate 
 
Current 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 

http://www.subrim.org.uk/


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. 
 
Related Publications: 
 
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. 

 
3. K. Soga, J. Kawabata, C. Kechavarzi, H. 

Coumoulos, A. Waduge (2003). Investigation 
of NAPL movement and entrapment in 
unsaturated layered soils using Geotechnical 
Centrifuge. ASCE Journal of Geotechnical 
and Geoenvironmental Engineering, 129 (2), 
173-182 

 
4. C. Kechavarzi, K. Soga (2002). 

Determination of water saturation using 
miniature resistivity probes during 
intermediate scale and centrifuge multiphase 
flow laboratory experiments. ASTM 
Geotechnical Testing Journal, 25 (1), 95-103 

 
5. C. Kechavarzi, K. Soga, P. Wiart (2000). 

Multispectral image analysis method to 
determine dynamic fluid saturation 
distribution in two-dimensional three-fluid 
phase flow laboratory experiments. Journal 
of Contaminant hydrology, 46, 265-293 

 
6. C. Kechavarzi, K. Soga, T. Illangasekare 

(2000). Laboratory investigation of LNAPL 
migration in a homogeneous unsaturated 
sand. Proceedings of the International 
Symposium on Physical Modelling and 
Testing in Environmental Geotechnics, 15-17 
May 2000, La Baule, France. 285-292. 

 
7. K. Soga, C. Kechavarzi, H. Coumoulos, S. 

Shu, G.M. Esposito, H.G.B. Allersma (2000). 
Centrifuge modelling of water drainage and 
LNAPL infiltration in unsaturated soil 
deposits. Proceedings of the International 
Symposium on Physical Modelling and 
Testing in Environmental Geotechnics, 15-17 
May 2000, La Baule, France. 293-300. 

 
8. G.M. Esposito, H.G.B. Allersma, K. Soga, C. 

Kechavarzi, H. Coumoulos (2000). 
Centrifuge simulation of LNAPL infiltration 
in partially saturated porous granular 
medium. Proceedings of the International 
Symposium on Physical Modelling and 
Testing in Environmental Geotechnics, 15-17 
May 2000, La Baule, France. 277-284. 

 



 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. 

 
 

Indu Kulasooriya 
 
Supervisor: Dr Kenichi Soga 
Year: 4th 
PhD Topic: Remediation of DNAPL using 

surfactant flushing 
 
 

  

 



 
 

 
 
 

Claire Nally 
 
Supervisor: Dr Kenichi Soga 
Year: 1st 
PhD Topic: Application of the Mass Flux 

Approach for Designing Contaminated Land 
Cover Systems 

 
Claire started a PhD at Cambridge in October 
2003, after gaining a BSc degree in environmental 
science from the University of East Anglia, 
Norwich. She is supervised jointly by Dr Kenichi 
Soga and Dr Richard Whalley (Silsoe Research 
Institute) to investigate mass flux of LNAPL 
contaminants in the unsaturated zone and from 
this optimise natural cover systems for 
contaminated land.  
 
Cover systems are used as a contamination 
remediation technique to break pollutant 
pathways to receptors at the surface, and to 
prevent infiltration and further mobilisation of 
contaminant into groundwater. Natural cover 
systems use vegetated soil layers to retain water 
until it is either evaporated from the soil surface 
or transpired through vegetation. These covers 
rely on the storage capacity of the soil layer rather 
than low hydraulic conductivity (as for traditional 
covers) to minimise percolation. 
 
The objectives are: 
 
1. To understand contaminated vapour 
migration affected by water table fluctuation and 
surface water infiltration in LNAPL contaminated 
sites. 
 
2. Understand the dissolution behaviour of 
LNAPL affected by water table fluctuation and 
surface water infiltration.  
 
3. Model the surface and subsurface 
interactions of contaminated vapour and 
infiltration. 

 
4. Optimise natural cover systems by taking the 
above processes into consideration. 
 
 

 
 

Abir Osman 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year:   2nd 
PhD Topic: Almost twenty centuries ago, the 

Greeks and the Romans used lime to protect 
their roads. Early in this century, cement, 
bitumen, and chemicals were mixed with or 
injected into geomaterials to enhance their 
properties (e.g. to increase strength or to lower 
permeability). Due to current needs for waste 
storage sites and the containment of 
contaminants, further developments in soil 
stabilisation are required to meet these new 
demands. 

 
In the case of cut-off walls, slurries serve two 
functions: to stabilise trench walls and to act as 
cut-off barriers. The construction of slurry cut-off 
walls pioneered in order to alter the soil 
properties, more specifically the strength and the 
hydraulic conductivity of soil. The interest is 
currently devoted to mixed bentonite cement 
aqueous slurries, in view of simplifying some 
operation procedures, which previously involved 
the successive use of bentonite on the one hand 
and cement paste on the other. Cement-bentonite 
walls are advantageous when there is a lack of 
suitable soil for backfill, a steep slope on site in 
landfills, or when a very strong wall is required. 
 
Experimental work was 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 in order to 
satisfy both the permeability and the strain 
requirements for slurry cut-off walls, 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 mixtures (such 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 zeolite‘s unique property of absorbing some 
molecules into their porous structure. The 
resistance to chemical attack increased while 
increasing the zeolite content after 28 days. 
 
As for future work, the same tests should be 
repeated with confinement conditions similar to 
the in situ stresses in order to duplicate the field 
conditions. The range of aggressive chemicals is 
not limited to inorganic systems but also include 
complex organics in landfill leachates. Therefore it 
is necessary to try to identify those contaminants 
that are most likely to limit the long-term 
effectiveness of the material. X-ray diffraction 
technique maybe used to investigate the chemical 
components of the mixtures after subjecting them 
to different extreme conditions. 
  
Additional SEM analysis is required to enable 
more understanding of the effect of different 
aggressive environments on the microstructure of 
the samples especially those containing zeolite. 
The presence of sulphur needs to be spotted in the 
zeolite structure. Chemical analysis of the effluent 
resulting from permeability tests by means of the 
atomic absorption spectrometer (AAS) and the ion 
chromatograph (IC) is also necessary. More 
research on the mechanical properties of cement-
bentonite mixtures is needed to investigate 
whether these mixtures behave in the same 
manner as soils or not. The effect of curing time 
has to be studied while leaching the mixtures with 
the pollutants to examine the durability of the 
walls. 
 
Different ratios for mixtures containing zeolite are 
needed in order to obtain the optimum zeolite 

content. Also different types of zeolite should be 
tried. New material, such as eco-cement should be 
used in cement-bentonite mixtures. Such material 
is characterised by a greater durability, lower and 
more stable pH which increase its resistance to 
sulphate attack. 
 
Soft clay soils can be mixed with cement-bentonite 
mixtures with different moisture content and 
applied in different soil:grout ratios as 
encountered with real soils and commercial soil 
mixing application. Walls of overlapping soil-
mixed columns can be constructed and subjected 
to severe environments to provide a reflection of 
the behaviour of the material mixed in situ.  
 
 

 
 

John Page 
 
Supervisor: Dr Kenichi Soga 
Year: 3rd 
PhD Topic: A combined risk-based mass flux and 

partitioning tracer approach for DNAPL source 
zone characterization and remediation 
evaluation. 

 
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: 
 
1. Heterogeneous source zone characterization 

and remediation evaluation: a risk-based 
mass flux approach (2003).  Page, J.W.E. and 
Soga, K.  Presented at ConSoil 2003. 
Proceedings of the 8th International 
Conference on Contaminated Land.  12-16 
May, 2003. 

  
2. DNAPL contaminant mass outflux rate and 

its relation to remediation cleanup level 
(2003).  Page, J.W.E., Soga, K. and Gowers, 
N.  Presented at IS-Okayama2003.  
Proceedings of the International Symposium 
on Groundwater Problems related to Geo-
Environment, Okayama, Japan.  28-30 May, 
2003. 

  
3. NAPL source zone remediation-mass flux 

approach (2002). Soga, K., Page, J.W.E. & 
Gowers, N.S. Proceedings of the 4th 
International Congress on Environmental 
Geotechnics, de Mello and Almeida (Eds.), 
Balkema, Vol. 2, pp. 1069-1081. 

  
4. Evaluating risk after remediation for NAPL 

contaminated sites (2003).  Soga, K., 
Kulasooriya, I.H., Mesquita, A.C., Page, 
J.W.E. and Waduge, W.A.P.  Proceedings of 
the International Symposium on 
Groundwater Problems related to Geo-
Environment, Okayama, Japan.  28-30 May, 
2003. 

  

5. A risk-based mass flux approach for source 
zone remediation evaluation (2002).  Soga, 
K., Page, J.W.E. and Kulasooriya, I.H.  
Proceedings of the XIIIth European 
Conference on Soil Mechanics and 
Geotechnical Engineering, Prague, 25-28 
August, 2003. 

  
6. The impact of remedial actions on 

heterogeneous source zone PCE mass 
transfer: using partitioning tracers to 
characterise the DNAPL distribution (2003). 
Page, J.W.E. and Soga, K.  Submitted to 4th 
BGA Geoenvironmental Engineering 
Conference, 28-30 June 2004. 

  
7. A review of NAPL source zone remediation 

efficiency and the mass flux approach (2003). 
Soga, K., Page, J.W.E. and Illangasekare, 
T.H. Accepted for publication in Journal of 
Hazardous Materials. 

 
8. 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. 

  
A dual-flow mass flux conceptual approach for 
characterising mass transfer and aquifer 
discretization – In preparation. 
 
 

 
Ramesh Perera 
 
Supervisor: Dr. Abir Al-Tabbaa 
Year: 4th 
PhD Topic: Accelerated ageing of Stabilisation 

and Solidification 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, are 
prepared and subjected to various combinations 
of the aforementioned two mechanisms. These are 
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 together with some numerical 
modelling, which will be undertaken, will be 
useful in predicting the performance of S/S treated 
material over time. 
 
The studies have now been completed on the 
grouts, except for the long-term 2-year samples, 
and several publications have been prepared based 
on these. Also a major part of the studies 
involving soil-grouts have been completed and 
further publications will be prepared based on 
these.  
 

 

 
 

Steve Rolt 
Research Associate 
 
 In–Situ Clean-Up of Organics Contamination in 
Groundwater by Photocatalysis 
(Principal Investigator:  Dr Rod Lynch) 
 
With a background in optical engineering in 
industry, I recently joined this project to help 
design and implement the optics for proposed 
field trials in photocatalytic remediation of 
groundwater contamination. 
 
Groundwater contamination by water soluble 
pollutants is a serious problem, particularly where 
it may affect drinking water supplies.  This 
research project has focussed on the removal of 
MTBE  (Methyl Tertiary Butyl Ether) from 
groundwater by photo-catalytic oxidation into 
harmless end products.  MTBE is used by the 
petroleum industry as an oxidant and a 
replacement for lead tetraethyl.  It is particularly 
water soluble and, due to persistent leakage from 
underground petroleum storage facilities, 
groundwater contamination is a particularly 
serious concern. 
 
To tackle this problem, a highly multi-disciplinary 
approach has been adopted, involving close 
collaboration between the Engineering and 
Chemistry Departments. Over the past 3 years, a 
wide range of laboratory trials carried out in the 
Engineering Department by PhD student, May 
Chan, have demonstrated the feasibility of photo-
catalytic breakdown of MTBE.  These trials used 
titanium dioxide coating as the catalyst and 
mercury lamps as the UV source.  Novel, high 
efficiency catalysts are currently being developed 
in the Chemistry Department. 
 
Optical Engineering Objectives of the Project: 
 
One of the primary objectives of the field trial is 
to develop a remediation process than can be 
carried out in situ, i.e. (preferably) down a 
borehole.  As well as engineering an in situ 



reactor, the photo-catalytic process requires the 
delivery of a high flux of UV radiation (λ < 
370nm) to the reactor.  Availability of UV light is 
likely to be a limiting factor in the reaction rate, 
so any meaningful trial must maximise the use of 
this scarce resource.  In particular, one part of the 
project will address the use of solar radiation to 
supply UV radiation at remote sites. 
 
The first part of this activity will involve 
establishing the requirements for an in situ reactor 
and a number of optical designs will be set out.  
Following consultations with site owners, a 
limited number (2-3) designs will be chosen for 
implementation in the field. 
 
Current Status: 
 
The feasibility of using solar radiation as the UV 
source has been evaluated in detail.  For this 
purpose, models of atmospheric transmission of 
UV radiation were extensively reviewed and 
statistical data used to account for the stochastic 
effects of aerosol scattering and available 
sunshine.  These data were then used to estimate 
the average solar UV intensity (λ < 370nm) for a 
local site.  The available UV dosage is critical in 
determining the feasibility of in situ remediation.  
The maximum available dosage (in the summer) 
amounts to about 2Wm-2, and accounts for only 
1.3% of the available solar power.  Figure 1 sets 
this out graphically and demonstrates clearly that 
significant UV doses are only available during the 
summer months. 
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Figure 1: Available UV Dosage 
 
For a true in situ process, the total UV power 
delivered down a borehole is fundamentally 
limited by the angular dimensions of the borehole 
and the source characteristics.  The design 
scenario for the field trials assumes a borehole 
depth of 2m and a diameter of 20cm.  In this case, 
average (solar) UV power is limited to no more 
that 7W at the bottom of the borehole. Allowing 
for uncertainties in the photo-catalytic reaction 

kinetics, this dosage is sufficient to treat between 
100 – 1000 m3 of contaminated soil over a 6 
month period. 
 
Figure 2 shows a schematic for a design of a solar 
driven reactor trial where UV light is delivered to 
the bottom of the borehole.  Other scenarios 
under consideration are the use of uv (mercury) 
lamps to replace the solar source and to perform 
the reaction above ground by pumping 
groundwater to a longitudinal reactor at the 
surface.  In the latter case, many of the constraints 
on available UV power are removed, although the 
pumping of groundwater may raise additional 
issues.  This is currently being investigated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Light 
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Figure 2: Schematic of Proposed In situ Cleaning 
Trial 
 
Publication: 
 
M. Chan*, S. Rolt*, R. Lynch*, A. Orlov† and R. 
Lambert†: In–Situ Clean-Up of Organics 
Contamination in Groundwater by 
Photocatalysis,   Presented at the EPSRC/ICE 
Research Showcase on Contaminated Land 
Remediation, Institute of Civil Engineers, London, 
Wednesday 14th January 2004. 
 
*Dept of Engineering 
† Dept of Chemistry 
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Sinéad Smith 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 1st 
PhD Topic: Impacts of Climate Change on 

Pollutant Linkages 
 
Sinéad joined the Geotechnical Research Group in 
October 2003. 
 
Following her graduation from Edinburgh 
University in 2002 with a 1st class M.Eng. in Civil 
Engineering, she worked for consultants Mouchel 
Parkman on a number of industrial waste water 
treatment schemes in the UK, developing 
innovative, sustainable and economic designs. 
 
Her research interests were very much shaped by 
this work and she is now working on an 
important sustainable brownfield urban 
regeneration project as a PhD student, within the 
interdisciplinary consortium SUBR:IM, supervised 
by Dr Abir Al-Tabbaa. The title of the work is 
'Impacts of Climate Change on Pollutant 
Linkages', currently in its preliminary stages of 
information collation and literature review. 
 
 

 
 

Kenneth J. Sutherland 
 
Supervisor: Dr. Kenichi Soga 
Year: 2nd 
PhD Topic: In situ assessment of contaminant 

containment systems 
 
Cement-Bentonite and clay liner systems are used 
as components of containment systems by the 
environmental industry to control the lateral 
migration of pollution. In the interest of public 
safety, following construction, there is a 
requirement to test these structures in order to 
assess if they meet the design criteria. At present 
this is done only indirectly via laboratory testing 
on samples obtained from the material used in 
construction. This could be from the slurry mix or 
from the clay material prior to placement.  
Typically strength, stiffness and permeability 
parameters are measured in the laboratory using 
triaxial testing techniques. 
 
Field investigations are being conducted in order 
to develop an accurate method for determining 
the strength, stiffness, and permeability of cut-off 
walls in order to perform tests for quality 
assurance purposes as well as for long-term 
performance monitoring.  Techniques being 
studied include the use of piezocone testing, 
packet tests, as well as a self-boring 
pressuremeter. 
 
Of these investigated parameters, permeability is 
often the most critical and the most difficult to 
measure. While laboratory testing is often 
sufficient for some geotechnical investigations, 
there are reasons why in situ testing is preferable 
for slurry walls. For instance, the samples are not 
representative of the actual barrier material due to 
the different stress conditions during setting and 
ageing, and the existence of fractures or non-
homogeneity by contamination from the adjacent 
ground. 
 



However, the understanding of the disturbance 
effects caused to the in situ material when various 
devices are inserted/drilled into these barriers is 
limited. There are several techniques that need 
further investigation. A new, custom-made 
instrumented device will be used to evaluate the 
extent of soil disturbance during drilling. 
Following a comparison of the measured results 
and the effect of the insertion technique on the 
various methods evaluated, an acceptable method 
for testing containment systems will be developed, 
giving particular consideration to material 
disturbance effects. 
 
Recent Publications: 
 
1. Sutherland, K.J., Kechavarzi, C., Soga, K., 

Whittle, R., Dalton, C., and Tedd, P. (2004).  
In situ Assessment of a Cement-Bentonite 
Containment System. Submitted to the 4th 
BGA Geo-environmental Engineering 
Conference, Stratford-on-Avon, United 
Kingdom, 2004 

 
2. Grabinsky, M., and Sutherland, K. (2003). 

Evaluating segregation in granular filters for 
earth dams. 56th Canadian Geotechnical 
Conference, Winnipeg, 2003 

 
3. Sutherland, K., and Grabinsky, M. (2003). 

Segregation of granular materials in earth 
dams. Submitted to the Canadian 
Geotechnical Journal. 

 
 

 
 

Anil Waduge 
 
Supervisor: Dr Kenichi Soga 
Year: 5th 
PhD Topic: Physical and Numerical modelling of 

Source Zone Remediation by Air Sparging 
(submitted in December 2003) 

 
Non aqueous phase liquids (NAPLs), which exist 
as a separate phase in the subsurface, have 

become a major environmental threat. They are of 
particular interest because of their high toxicity 
and persistence. Therefore, global attention has 
been directed to remediate non-aqueous phase 
liquids, which can be characterised as source zone, 
in order to create a pleasant environment for 
humans.  
 
The lack of knowledge in source zone remediation 
increases the need for the investigation of source 
zone behaviour with remediation techniques in 
order to design an effective treatment technology. 
Therefore, this dissertation performed physical 
and numerical modelling of source zone 
remediation by air sparging to investigate the 
interaction between air sparging and light non-
aqueous phase liquids (LNAPL), entrapped in the 
subsurface. Toluene was used as the LNAPL in 
this research. 
 
A series of 16 one-dimensional column 
experiments were performed to investigate the 
effects of flow interruption, flow rate and 
different entrapments on source zone mass 
removal. The column experiment results were 
used to understand the variation of mass removal 
efficiency with LNAPL saturation in the soil. 
Furthermore, the column experimental results 
were extended to develop a phenomenological 
model for the mass transfer coefficient from 
pooled LNAPL to the gaseous phase.  
 
Seven well-controlled two-dimensional tank 
experiments were conducted to examine the effect 
of different entrapments, fluctuation of water 
table and subsurface heterogeneity on mass 
removal efficiency from a LNAPL source zone by 
air sparging. In this study, two scenarios were 
considered; (i) a coarse sand lens in a fine sand 
matrix and (ii) a fine sand lens in a coarse sand 
matrix. The tank experimental results reveal that 
the subsurface heterogeneity greatly controls mass 
removal from the source zone by air sparging. It 
governs the pattern of the air plume in the 
subsurface that determines the degree of air-NAPL 
contact area across which mass transfer occurs. 
Finally, a comparison between column and tank 
experimental results allows the issue of up scaling 
on physical modelling to be addressed. 
 
The reduction of contaminant concentration and 
percentage of mass removal may not be good 
measurements for evaluating the effectiveness of a 
treatment method. The mass flux approach, which 
evaluates the post-remediation risk, can be used to 
address the removal efficiency instead. Therefore, 
variation of gaseous and aqueous concentrations 
in the soil model before and after remediation was 
monitored. Results clearly show that phase 
concentrations increase from the value at the end 
of the treatment, and the level of increase varies 
according to the LNAPL pool entrapments. 
Furthermore, a finite element code, FEMLAB, was 



used to model the mass partitioning before and 
after remediation, and hence typical mass 
partitioning coefficients were determined for 
different configurations of NAPL entrapments.  
 
Finally, the prediction capability of a multiphase 
flow numerical code, TOUGH/T2VOC, was 
evaluated by simulating several tank experiments. 
Simulation results show that the predictions for 
drainage and LNAPL entrapments display a 
reasonable agreement with experimental 
observations. However, the numerical simulator 
which was developed on the classical multiphase 
transport and local equilibrium interface mass 
transfer theories overpredicted the actual mass 
removal during the experiments. Several 
modifications were proposed to improve 
predictions of mass removal by air sparging. 
 
 



 
 
 
 
 
 
 

Research area:  
Soil mechanics 
 
 
 
 
 
 
 
 
 
 

 

Helen Cheng 

Research fellow, Pembroke College 
 
Supervisor: Professor Malcolm Bolton 
Year:            5th 

PhDTopic:   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 ø, correlated with 
dilatancy rate. At zero dilation, a critical state 
friction angle øcrit was observed. It also coincided 
with the position of a critical state line on a e, log 
p’ plot. The peak angle (øpeak) developed in a 
variety of tests showed a unique correlation, 
reduced by progressive grain crushing as log σ1 
increased.  
 
Related publications: 
 
1. Cheng Y. P., Bolton M.D. & Nakata Y. 

(2004) Crushing and plastic deformation of 
soil simulated by DEM. Geotechnique  [in 
press]. 

 
2. Cheng Y. P., Nakata Y. & Bolton M. D. 

(2003) Discrete element simulation of 
crushable soil. Geotechnique 53, No. 7, 633-
641.   

 
3. Cheng Y. P., Bolton M.D. & Nakata Y. 

(2002) The modelling of soil 
plasticity. Numerical modelling of 
discontinua: 3rd international conference on 
Discrete Element Methods. Santa Fe, New 
Mexico USA. 23-25 Sept 2002 Ed. Benjamin 
K. Cook and Richard P. Jensen. 283-287 

 
4. Bolton M. D. & Cheng Y. P. (2001) Micro-

geomechanics Proceedings of the workshop 
on constitutive and centrifuge modelling: 



Two extremes, Monte Verita, Switzerland. 8-
13 July 2001. Ed. Springman S. 59-74.  

 
5. Cheng Y. P., White D. J., Bowman E. T., 

Bolton M. D. & Soga K. (2001) The 
observation of soil microstructure under 
load. Powers and Grains 2001: Proceeding of 
the 4th international conference on 
micromechanics of granular media. Sendai, 
Japan 21-25 May 2001. Ed. Kishino Y. 69-
72.  

 
 
 

 
 

Yow Loong Kok 
 
Supervisor: Dr J R Standing 
Year: 3rd 
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.   

 
 

George Marketos 
 
Supervisor: Professor Malcolm Bolton 
Year: 1st 
PhDTopic: 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. 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 the Particle Image 
Velocimetry technique to the study of problems in 
Geotechnical Engineering (see relevant publication 
which summarises Cambridge M.Eng. Thesis: An 
Investigation of the Failure Mechanism of a 
Cantilever Retaining Wall Under Earthquake 
Loading, Marketos G.,Madabhushi S.P.G., 
submitted to the International Journal for Physical 
Modelling in Geotechnics for review). 
 
 

 
 

Ashraf Osman 
 

Supervisor: Professor Malcolm Bolton 
Year: 3rd 
PhD Topic: Geotechnical design for serviceability 
 
The objective of structural design is to avoid states 
beyond 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 identification 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 are then 
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 analyse the displacement behaviour 
of some case histories. The MSD predictions 
conform well to the measured data 
 
Related Publications: 
 
1. Osman, A. S. (in progress), “Geotechnical 

Design for Serviceability” PhD dissertation, 
University of Cambridge. 
 

2. Osman, A. S. (2002), “Mobilisable soil 
strength for geotechnical design of retaining 
walls.” MPhil dissertation, University of 
Cambridge. 
 

3. Osman, A. S., and Bolton, M. D. (2003), “A 
New Design method for retaining walls in 
clay”, accepted for publication in Canadian 
Geotechnical Journal. 
 

4. Osman, A. S., and Bolton, M. D. (2003), 
“Plasticity based method for predicting 
settlement of shallow foundations”, 
submitted to ASCE Journal of Geotechnical 
and Geoenvironmental Engineering for 
review. 
 

5. Osman, A. S., and Bolton, M. D. (2003), 
“Design of shallow foundations using the 
MSD method”, to be submitted to Soils and 
Foundations for review. 
 

6. 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 2004 (in press). 
 

7. Osman, A. S., and Bolton, M. D. (2004), “A 
new design approach to limit ground 
deformations around retaining walls”, 
International conference on Geotechnical 
Engineering, Beirut, Lebanon, 19-22 May 
2004 (in press). 

 
8. Osman, A. S. and Bolton, M.D., (2003), 

“Mobilisable Strength Design (MSD) 
method”, technical note submitted to Arup 
Geotechnics. 
 

9. Osman, A. S., and Bolton, M. D. (2003), 
“End of construction settlement of shallow 
foundations on London clay : A commentary 
to Arup Geotechnics’ report ‘End of 
Construction (Undrained) Settlement of 
Structures on Overconsolidated Clays”, 
report submitted to Arup Geotechnics.  

 
 

 
 

Marcus Sidler 
Visiting Student Researcher 
 
To obtain my degree in Civil Engineering at the 
Swiss Federal Institute for Technology in Zurich I 
was required to write a Diploma Thesis over a 
time period of 12 weeks. 
  
Professor Sarah Springman (ETHZ) and Xavier 
Borghi (CUED) made it possible for me to write 
the Thesis in Cambridge.  The project was a part 
of Xavier Borghi’s PhD. I investigated the 
influence of potassium formate on the swelling 
behaviour of E-grade kaolin in a triaxial 
apparatus.  After undrained shearing all the 
manageable pressures stopped  at a constant level. 
Afterwards the strains were measured. 
 
The friendly atmosphere created by all the 
members of the Geotechnical Group was very 
helpful for me to make this event successful. 
Everybody in the group has been extremely nice. 
Thank you all. I will never forget this wonderful 
time. 
 
 



 
 

Marcelo Silva 
 
Supervisor: Professor Malcolm Bolton 
Year: 3rd 
PhD Topic: Effect of penetration rate on 

layered saturation or by compaction process.  
 
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. The pore pressure 
effect due to the piezocone penetration rate can be 
observed in different soil conditions. The degree 
of drainage during a penetration process can only 
be observed by: 
 
(1) changing the penetration rate, or 
(2) measuring the ambient pore pressure within 
the soil layer. So far, most of the attempts to find 
the pore pressure effect were restricted to the 
dynamic pore pressure measurement of fine-
grained soils due to different penetration rates.  
The common trend is that increasing the 
penetration rate, the pore pressure and the cone 
resistance also increase. 
 
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 
testings are industrial silica flour, with grain size 
less than 53 micrometer. The clay content is not 
more than 5% in mass of total material. The silica 

flour is well-graded distributed, 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, two 
centrifuge tests was performed, each test having 4 
penetration tests at different speed. In total, 8 
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: 
 
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 
(paper under review). 
 



 
 
 
 
 
 
 

Research area:  
Slopes and Landslides 
 
 
 
 
 
 
 
 
 
 

 
 

Elisabeth T. Bowman 
RAEng Research Fellow 
 
Background: 
 
I completed my PhD on the "Ageing and Creep of 
Granular Materials" in July 2002. From August 
2002 I have been investigating the “Mechanics of 
Granular Landslides” and am supported by the 
Royal Academy of Engineering as a Postdoctoral 
Research Fellow. 
 
Research focus: 
 
My research is using physical modelling with high 
speed Particle Image Velocimetry (PIV) to examine 
debris flows and avalanches at 1g and on the 
centrifuge. The aim is to determine the underlying 
micro- and macro- mechanisms, and thereby to 
improve methods of prediction and prevention of 
granular slides. 
 

Particular issues currently under examination 
include: 
 
• slide-to-flow phenomena  
• particle size distribution and shape effects  
• volumetric and stress level effects on the 

influence of: 
o runout 
o event speed 
o particle fracture 

 
• topography influences on slide / flow extent. 
 
Several apparatus are being designed and 
constructed for this purpose. The first is a 1 g 
instrumented “flume” tank which will enable 
otherwise identical slides to be examined in a sub-
aerial and a submerged environment. A high-
speed camera is set to look through a large glass 
window on the side of the flume. PIV analyses will 
be performed on the test results to examine issues 
such as influence of water, particle size 
distribution and volume on runout. 
 
The second apparatus is designed to examine the 
same type of debris flow events on a drum 
centrifuge. This research is being undertaken in 
collaboration with ETH Zurich. A curved channel 
(with the same curvature as that of the ETHZ 
drum base) is being designed to allow the 
influence of stress level on debris flow behaviour 
to be examined. 
 
The third apparatus is designed to enable an 
examination of avalanche mechanics, both at 1g 
and on the beam centrifuge at Cambridge. A 
“drop box” will release material (sand, gravel, 
coal) to fall down a slope onto a base. The high-
speed camera mentioned above will be placed on 
the centrifuge arm, either looking directly 
downwards onto the surface of the base, or 
looking at the side by using a mirror placed at 45 
degrees. Impact and flow mechanics will be 
examined from the resulting images. The results 
will be compared with the many hypotheses that 
have been generated since avalanches became of 
serious geological interest in 1881. 
 
Other interests: 
 
In March 2003 I travelled to the Tsukuba in 
Japan to spend a month at the National Institute 
of Rural Engineering. Here my colleague Mr 
Toshi Hori and I (and about 10 technicians!) 
constructed a couple of large-scale sandy 
embankment dam experiments. Sandy 
embankment dams are very common in Japan 
(numbering approximately 20,000 in total) and 
tend to be at risk of failure during periods of 
heavy rainfall. Hence, these experiments were 
design to determine the relative importance of 
dam reservoir level, intensity of rainfall and time 
with respect to progressive failure. In particular, 



Toshi was interested to see if one could predict the 
time taken to breach the crest of the dam from the 
point at which the toe began to show instability. 
This was a very interesting trip for me, in view of 
my own physical model experiments, which I had 
just begun to design. 
 
From the beginning of 2003 till May I assisted Dr 
Kenichi Soga with the supervision of an MEng 
student, Baidrul Ishak Aziz in his project on the 
properties of silty sands prepared by different 
methods. This project highlighted the difficulty in 
preparing sands mixed with silt, particularly at 
loose states for triaxial testing. It gave us a 
number of ideas of what and what not to do with 
respect to obtaining meaningful data for this 
“difficult” material. 
 
From October to December 2003 I assisted with 
the project supervision for a student, Marcus 
Sidler, from ETHZ. Marcus was interested in 
examining the properties of E grade kaolin with 
and without injected formate solution (a soil 
lubricant in pipe jacking and tunnelling projects) 
in the triaxial cell. For this we updated the 
equipment, so that it is controlled using GDSLAB 
software, in conjunction with high-speed 
datalogging via Dasylab, if required. New local 
strain sensors and a high-accuracy backpressure 
controller have been added to the triaxial cell. The 
aim is to allow researchers to be able to easily and 
competently access this equipment and obtain 
high-quality stress-strain data with the minimum 
of fuss. 
 
I have helped with lecturing the 5R5 and 5R7 
graduate courses in “Advanced experimental 
methods in geomechanics” and “Advanced 
numerical methods in geotechnical engineering”. 
I’m also a Fellow of Newnham College and as 
such, supervise 1st and 2nd year students in 
structural mechanics. 
 
Recent publications: 
 
1. Bowman, E.T. & Soga, K. (2003) Creep, 

ageing and microstructural change in dense 
granular materials, Soils & Foundations 43 
(4), 107-117 

 
2. Hori, T., Bowman, E.T., Mohri, Y., Soga, K. 

(2004, in press) “Model Test for Progressive 
Failure of a Sandy Embankment Dam by 
Seepage” Proceedings of IX International 
Symposium on Landslides, Rio de Janeiro, 
28th June – 2nd July, A.A. Balkema. 

 
 

 
 

Andy Take 
Research Fellow, Churchill College 
 
Supervisor: Professor Malcolm Bolton 
Year: 6th 
PhD Topic: Influence of seasonal moisture cycles 

on clay embankments 
 
Over the past few years, a new deformation 
measurement technique combining Particle Image 
Velocimetry (PIV) with close range 
photogrammetry has been developed in 
collaboration with Dr D J White for use in 
geotechnical testing. Since PIV operates on the 
image texture, intrusive target markers need not 
be installed in the observed soil. The resulting 
displacement vectors are converted from image-
space to object-space co-ordinates using a non-
linear photogrammetric transformation. 
Validation experiments have demonstrated that 
the precision, accuracy and resolution of the 
system are an order of magnitude higher than 
previous image-based measurement methods, and 
are comparable to local instrumentation used in 
element testing. This performance is achieved 
concurrent with an order of magnitude increase in 
the number of measurement points that can be 
fitted in an image. This technique significantly 
improves the utility of geotechnical model tests, 
allowing behaviour to be observed in greater 
detail and to a higher precision than was 
previously possible. No longer must measurement 
points be defined before the event happens. This 
allows strains to be calculated with complete 
flexibility on element size, shape, and location. 
Applications of this system to model testing, 
element testing and field measurement are 
currently being explored. 
  
White D.J., Take W.A. & Bolton M.D. 2004. 
Discussion on: Sadek S., Iskander M.G. & Liu J. 
(2003) Accuracy of digital image correlation for 
measuring deformations in transparent media. 
ASCE J. Computing in Civil Engineering 17(2):88-
96. Accepted 
 
White D.J., Take W.A. & Bolton M.D. 2003. Soil 
deformation measurement using particle image 
velocimetry (PIV) and photogrammetry. 
Geotechnique 53 7:619-631 
 



Previous research on the development of high-
capacity tensiometers (i.e. those which measure 
absolute tensions) has focussed on achieving the 
maximum attainable suction value using rather 
bulky, high pressure-range devices saturated under 
large positive pressures. Using the new saturation 
techniques, the need for the very high saturation 
pressures has been reduced, thereby allowing the 
use of more sensitive devices (i.e. lower pressure 
range). Such a device has been used to develop a 
new miniature high-capacity tensiometer 
specifically for use in physical modelling. Finally, 
in collaboration with the manufacturer, the design 
of the Druck PDCR-81 has been revisited to 
improve the mechanical integrity of the device 
under tensile loading, allowing its more 
widespread application as a tensiometer. 
 
Take, W.A., and Bolton, M.D. 2003. Tensiometer 
saturation and the reliable measurement of matric 
suction. Geotechnique 53(2):159-172. 
 
Recently, the climatic effect of seasonal moisture 
cycles has been hypothesised to be the force 
driving progressive failure in embankment slopes. 
However, little experimental or field data exists 
which documents this long-term failure 
mechanism. An experimental investigation has 
been conducted using the accelerated time-scaling 
for seepage flow provided by centrifuge modelling 
to observe the behaviour of clay slopes subjected 
to many "years" of seasons. Seasons were created 
using an atmospheric chamber in which the 
relative humidity boundary condition above the 
surface of the model embankment is controlled. 
This boundary condition was translated by the 
soil into seasonal pore water pressure variations - 
predominately negative during the dry season and 
positive (or nearly positive) during the rainfall 
infiltration of the wet season which were observed 
to cause the soil to undergo strain cycles. In the 
dry season, the embankment shrinks under the 
action of soil suction, whereas swelling is driven 
by the elevated pore water pressures of the wet 
season. These observations, made possible by the 
development of the new tensiometer and image 
analysis systems, provide detailed experimental 
evidence that seasonal pore pressure cycles 
produce irrecoverable downslope movements. 
Furthermore, average stress paths calculated by a 
modified Spencer analysis indicate that super-
critical strengths are always accompanied by 
irrecoverable damage to the slope during the wet 
portion of both seasons. Repeated excursions 
within this region of super-critical effective stress 
ratios cause the peak strength envelope to reduce 
until catastrophic failure occurs. 
 
Take, W.A., and Bolton, M.D. 2004. 
Identification of seasonal slope behaviour 
mechanisms from centrifuge case studies. 
Accepted for publication, Skempton Memorial 
Conference. 
 

Take, W.A.  2003. The influence of seasonal 
moisture cycles on clay slopes. University of 
Cambridge PhD dissertation, Cambridge, UK. 
 
Hong Kong has the two required ingredients to 
make the city particularly susceptible to landslides 
– a natural topography which includes steep 
slopes in weathered rocks and soils, and a wet 
season that can produce storms with a daily 
rainfall in excess of 500mm. Further, the 
development of Hong Kong in the first half of the 
20th century led to the cutting of benches and the 
end-tipping of spoil to create loose fill slopes. 
These fill slopes often failed, sometimes with 
severe consequences owing to the population 
density. A commonly used fill material 
(completely decomposed granitic soil) was 
acquired from Hong Kong to investigate the 
mechanism of landslide initiation after intense 
rainfall. Despite being subjected to very heavy 
rainfall, loose model fill slopes were observed to 
undergo a wetting collapse which did not result in 
the most popular candidate mechanism, static 
liquefaction. Uniform slopes of this common 
Hong Kong fill material were found to be too free 
draining to experience failure under rainfall 
infiltration. Further model tests demonstrated that 
it was only when the groundwater flow was 
constrained by impermeable bedrock or by soil 
layering that failure could be achieved, initiating a 
fast landslide with a low angle run-out. 
 
Bolton, M.D., Take, W.A., Wong, P.C.P, and 
Yeung, F.J. 2003.  Mechanisms of failure in fill 
slopes after intense rainfall. Keynote Paper, Int. 
Conf. on Slope Engineering, Hong Kong, China. 
Vol. 1: 1-25 
 
It has long been recognised that the rapid 
drawdown of a reservoir is an unfavourable 
scenario for the stability of dams. However, some 
types of dams built for water storage (irrigation 
dams, etc) are emptied and filled several times a 
year. Although none of the resulting stress cycles 
are sufficient to initiate monotonic failure, the 
observation that effective stress cycles can drive 
progressive failure in embankments has important 
ramifications for the long term stability of 
irrigation dams. Unlike the seasonal stress cycles 
described earlier, the upstream slope of a dam will 
be subjected to a much more complicated partially 
drained stress path determined by the speed of 
drawdown with respect to the speed of the 
material. The long term significance of the 
accumulated damage of many of these stress cycles 
has been investigated in centrifuge model tests 
performed as contract research for the Japanese 
National Institute for Rural Engineering. 
 



 
 
 
 
 
 
 

Research area:  
Foundations and 
Pipelines 
 
 
 
 
 
 
 
 
 
 

 
 

Masoud Hajialilue Bonab 
Research Associate 
(Principal Investigator:  Malcolm Bolton) 
 
Research topics: 
  
1.      Pipeline Buckling in seabed  
  
Following previous soil-pipeline interaction 
research at the Schofield Centre, full-scale tests 
will be 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) West African clay in a tank The 
desired soil strength will be achieved by applying 
vacuum. The major focus of the study is the 
interaction between the soil and the pipeline. The 
pipeline is prone to thermal buckling in either 
vertical or horizontal direction.  Similar tests will 
also be performed in sand. 
  
2.     Catenary Riser 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. A suction 
force may develop at the riser-soil interface if a 
riser is pulled upwards from a resting position. 
This may move the pipe beyond its serviceability 
limits. A series of experimental tests in half scale 
will be undertaken to study about different 
aspects of this topic. A new tank and a new force-
controlled actuator are going to be made. 
 
 

 
 

Tzi Piau Cheong 
 
Supervisor: Dr Kenichi Soga 
Year: 2nd 
PhD Topic: Three Dimensional Finite Element 

Analysis of Pipe-Soil Interaction 
 
Our community needs energy to produce essential 
goods and service as well as sustenance of life, 
especially in cold weather.   Gas pipelines play an 
important role in this matter, because they 
transmit energy to society.  The gas pipeline 
transmission system can be assumed as a linear 
system which traverses a large region, and thus 
may encounter various types of seismic hazards as 
well as soil conditions.  An understanding of pipe-
soil interaction modelling problems therefore is 
essential in order to prevent any failure or 
breakage of the pipeline.    
 
Numerical studies on the deformation behaviour 
of a buried gas pipeline in dry medium and dense 
sands are being studied. The main objectives of 
this research work are to improve the structural 
modelling of buried pipelines and looking 
seriously the aspects of soil/pipe interaction 
modelling subjected to lateral and upward ground 
loading. The specific goals of this study are to 
determine the maximum forces, pipe displacement 
and the critical embedment depth on a buried 
pipeline. Finally the outcome should be a 
force/displacement chart for design purposes.  
 



Implementation work on the soil/pipe interaction 
model is anticipating the use of ABAQUS as the 
finite element analysis software. The numerical 
modelling will be focused on the simulation of the 
elbow pipeline with different constitutive soil 
models in three dimensions, within which the pipe 
will have different bending angles. The approach 
to the soil/pipe structural modelling is to simulate 
the pipe as a shell element and the surrounding 
soil as a distributed discrete spring element. Two 
types of soil model have been used in the 
simulation: Mohr-Coulomb and Nor-Sand soil 
model. 
 
Finally the finite element analysis results will be 
compared with the experimental results as well as 
with those published studies. 
 
 

 
 

Johnny Cheuk 
 
Supervisor: Professor Malcolm Bolton 
Year: 3rd 
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. With Dave White, a 
series of tests were 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 a 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 being tested on the mini-
drum centrifuge and the results will be 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 are also of great 
interest as it sheds further light on the scaling of 
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: 
 
1. Bolton, M.D., Cheuk. C.Y. and White, D.J. 

(2003). Modelling of soil-pipeline interaction 
for large amplitude deflections. Report 
submitted to Boreas Consultants Ltd. 

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

(2003). Lateral and axial resistance of 
pipelines on Moho Bilondo clay. Report 
submitted to TotalFinaElf E & P Congo. 

 



 
Johnny Cheuk getting down to work 
 
 

 
 

Dominic Joray 
Visiting Research Student 
 
This February I am expecting to receive my degree 
in Civil Engineering at the Swiss Federal Institute 
for Technology in Zurich. For this I had to write a 
Diploma Thesis over a time of about 14 weeks. 
Professor Sarah Springman (ETHZ) and Professor 
Malcolm Bolton (CUED) made it possible for me 
to work on a project here in Cambridge and write 
my Diploma Thesis about it.  Thank you very 
much. 
 
The project concerns the bearing capacity of 
perforated mudmats used as temporary offshore 
foundations. Physical modelling of the behaviour 
of the mudmats was undertaken in a test tank at 
the Schofield Centre on a soil imported from the 
West African coast. Different mudmats were used 
to investigate the effect of different perforation, 
scale, shape and penetration rate. Additionally 
digital image processing was used to visualise the 
failure mechanisms during penetration and 
extraction.  
 
All in all I have been in Cambridge for four 
months and because of all the nice people I was 
able to meet and work with here it has been a 

wonderful time and experience I’ll happily 
remember. Thank you all. 
 
 

 
 

Yueyang Zhao 
 
Supervisor: Professor Malcolm Bolton 
Year: 1st 
PhD Topic: Bored Piles 
 
In 2003 with the generous sponsorship from my 
former employer Skanska and COT, I have just 
started a PhD on bored piles under Professor 
Bolton’s supervision. I am interested in interaction 
among pile shaft and base and piles in sand and 
clay. I am new to the group, as a 1st year, so may I 
attempt to introduce myself. 
 
I was born in 1980 and  was raised in Shan Xi, Da 
Tong, before moving to Beijing at 11 years old, 
after a government policy allowing the ‘Red 
Guards’ to return home, after many years of ‘self 
education among peasants’ (I was not, but mother 
was one). In 1996 I was given a generous 
scholarship from the Hong Kong William SD 
Louey Educational Foundation, upon the 
returning of Hong Kong to China, to study A-
Level at Millfield School in Somerset and 
subsequently MEng at Magdalene College, 
Cambridge. For my MEng, I worked on the 
problem of pile setup in sand after two summer’s 
experience in Kochi, Japan conducting large scale 
load test, as a Giken Scholar, with much 
encouragement from Professor Malcolm Bolton. I 
graduated with distinction in 2002 and worked 
one year as a design engineer with the piling 
contractor Cementation Foundations Skanska 
Ltd. Among many projects a retaining wall for a 
Tesco in Wales and an excavation for a high-rise 
in Dublin were my first experiences with real life 
foundation design. 
 
Finally, my family home/flat is just 100m away 
from the new Olympic Village in Beijing. If you 
think of visiting Beijing, it will be my pleasure to 
introduce you to this wonderful city and culture. 



 
 
 
 
 
 
 

Research area: 
Underground 
construction 
 
 
 
 
 
 
 
 
 
 

 
 

Xavier Borghi 
 
Supervisor: Professor Robert Mair 
Year: 3rd 
PhD Topic: Soil conditioning and lubrication for 

tunnelling and pipe jacking 
 
This research on soil conditioning is funded by the 
EPSRC and the UK Pipe jacking Association. It 
addresses two applications of soil conditioning 
agents in tunnelling and pipe jacking 
 
Soil conditioning is commonly used in earth 
pressure balance machines to improve the 
machine performance and the control of the 
excavation process. A variety of foam and 
polymer conditioning agents can be injected at 
various points in the tunnelling machine to change 
the properties of the excavated ground and make 
them suit the machine requirement. The 
interactions between the excavated ground, the 
conditioning agents and the machine are at 
present not properly understood and, as a result, 
limited guidance is currently available as to what 

conditioning treatment should be applied for 
different ground conditions. 
 
Laboratory and fieldwork is carried out to 
investigate the effects of soil conditioning on the 
performance of earth pressure balance machine. 
Tests comparing properties of foams generated 
from different foam agent products as well as 
index tests measuring the undrained shear 
strength of London clay cutting samples 
conditioned with a range of foam and polymer 
solution treatments have been carried out. The 
results of these tests have been used to provide 
some guidance to Nishimatsu for the application 
of soil conditioning during the excavation of the 
Channel Tunnel Rail Link Tunnel in London. The 
performances of four earth pressure balance 
machines of this project are extensively monitored 
and the data is back analysed in the light of the 
results obtained from the experimental 
investigations described above. 
 
In pipe jacking, soil conditioning is routinely used 
to lubricate the pipe-soil interface during 
installation. There, the aim is to control the 
required jacking forces by preventing excessive 
ground pressures from building up onto the pipes 
during construction. Problems are often 
encountered in clays, where the ground adjacent 
to the pipe swells after the unloading of the cavity 
due to the excavation. This results in large stresses 
building up on the pipes.  
 
Lubrication then becomes counterproductive in 
that it provides free water that can be readily 
absorbed by the swelling clay around the pipes. 
To overcome this problem, various chemical 
agents may be added to the lubricant slurry in 
order to change its properties and the way it 
interacts with the clay.  
 
A laboratory test series is carried out, in which the 
effect of the chemicals on the pipe-soil stresses can 
be quantified to compare the effects of additive 
products with different chemistry. The 
experimental apparatus shown in Figure 1 
involves an instrumented pipe that can be inserted 
into a clay model. Lubricant can be injected 
around the pipes in a controlled manner and pore 
pressures, pipe-soil stresses as well as the 
convergence of the contracting cavity are 
measured at the locations depicted in Figures 2 
and 3. The results will help understand and 
compare the effect of chemically enhanced 
lubricants on the magnitude of jacking forces. 
 



 

 
Figure 1: Pipe jacking test apparatus 

 
Figure 2: Cross section 

 
 
Figure 3: Longitudinal section 
 
 
 
 
 

 
 

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

on adjacent piled foundations 
 
Demand for underground space in the urban 
environment for infrastructure schemes has 
increased drastically in recent years. Diaphragm 
walls are often implemented to support the sides 
of deep excavations and it is becoming increasing 
necessary to install these close to existing 
structures. This type of cast-in situ permanent 
retaining structure installation can result in 
substantial soil deformations and also cause 
damage to adjacent structures. A better 
understanding of this soil-structure interaction 
problem is urgently needed so that safe and 
economic designs can be achieved. 
 
Due to the complex three-dimensional nature of 
the problem, it is very difficult to obtain accurate 
predictions based on analytical and numerical 
approaches. Therefore, the investigation of 
diaphragm wall installation effects on nearby 
piled foundations is undertaken by using small-
scaled models tested within the geotechnical 
centrifuge apparatus. 
 
The installation effects of a diaphragm wall on a 
nearby piled foundation in dry dense fine sand are 
studied. A model construction system has been 
developed to simulate the construction sequence 
of a diaphragm wall panel. An instrumented 
model pile is driven in-flight and a constant force 
is maintained at the pile head to simulate an 
axially loaded driven pile. The influence of the 
construction on soil and pile movements, and 
axial load, radial stress and bending moment 
distributions along the pile is recorded. 
 
A new instrumented model pile has been designed 
and constructed to improve the quantitative 
insight gained from model tests. This new model 



pile can measure end-bearing resistance, shaft 
friction, bending moment and radial stress 
distributions. It can be considered to be the most 
highly instrumented model construction currently 
in use in geotechnical modelling. All this 
information is crucial to the development of a 
better understand of the pile behaviour during 
adjacent wall construction. 
 
The simulation of casting a diaphragm wall panel 
at a very high acceleration level is very difficult. A 
new technique has been developed to simulate the 
concreting process. This involves using a mixture 
of stainless steel powder and coarse sand, and 
they are bonded together by an anaerobic 
threadlocker. This provides a way to study the 
installation effects of a row of panels and could 
help in optimising the existing wall construction 
sequence and method. Another advantage is that 
centrifuge modellers could easily adopt this new 
technique and model the installation effects of any 
geotechnical structures in the centrifuge.  
 
The three-dimensional failure surfaces for 
different system configurations have been 
identified and a generalised failure mechanism has 
been proposed. A simplified three-dimensional 
limit equilibrium analysis has been carried out and 
a good agreement between the predictions and the 
centrifuge test results is found. This provides a 
way to assess the failure load of a pile installed at 
different offset distances away from the trench, of 
which the length also varies.  
 
Two papers relating to the diaphragm wall 
installation effects on adjacent piled foundations 
have been written: 
 
1. Choy, C. K. (2002). The effects of a slurry 

wall excavation on an adjacent piled 
foundation. Proc. 7th BGA Young 
Geotechnical Engineers’ Symposium, 
Dundee, UK. 

 
2. Choy, C. K., Standing, J. R. & Mair, R. J. 

(2002). The installation effects of a 
diaphragm wall on an adjacent piled 
foundation. Proc. 3rd Int. Symposium on 
Geotechnical Aspects of Underground 
Construction in Soft Ground, Toulouse, 
France.  

 
 

 
 

Yen Chua 
 
Supervisor: Professor Malcolm Bolton 
Year: 2nd 
PhD Topic: Horizontal arching of earth pressures 
 
Yen is investigating the horizontal arching of 
earth pressures on retaining structures. This aspect 
of soil-structure interaction is under-developed 
and it is believed that there is more room for 
further detailed studies. This particular research 
topic focuses on diaphragm-type retaining walls, 
consisting of panels of different thicknesses and 
widths. Yen is researching the variations in earth 
pressure produced based on this geometry effect. 
Centrifuge tests will be run at a nominal level of 
50g, on a model “basement” comprising panels 
300mm high, of different lengths and thicknesses. 
Comparative analysis will then be carried out to 
determine the significance of panel geometry on 
the horizontal arching phenomenon.  
 
Continuing studies will also be carried out on the 
“re-entrant corner” effect, where panel joints are 
at their most problematic.  
 
Since earth pressures are the main subject of 
research, Yen is also delving into the 
unpredictable world of earth pressure 
measurements using miniature earth pressure cells.  
The Entran EPL-D1 series of earth pressure cells, 
which are used by research students in the 
Schofield Centre, have been thought to be far less 
accurate than advocated. To clarify this issue, 
centrifuge and 1-g tests will be performed on the 
earth pressure cells.  
 
 



 
 

Kensuke Date 
 
Supervisor: Professor Robert Mair 
Year: 1st 
PhD Topic: Optimum arrangement of forepoling 

in urban tunnelling 
 
In recent years, open-face tunnelling has been 
adopted even in urban ground with little cohesion. 
In urban tunnelling, we surely face the problem of 
face stability and ground movements, etc.  In 
order to eliminate them, a number of methods for 
ground treatment have been developed and 
applied to actual construction. However, they 
have been installed based on local and empirical 
designs, which might lead to a serious accident. 
Therefore, it is of great importance to investigate 
the best reinforcement for a variety of tunnelling 
conditions and finally establish a rational design 
criterion. 
 
Ken is interested in the optimum arrangement of 
Forepoling, a method for ground treatment, in 
which steel pipes are installed ahead of face in an 
arch shape. This method is quite useful, but its 
mechanism of reinforcement has not been made 
clear. Ken is going to evaluate the effects of some 
parameters about Forepoling through the 
centrifuge modelling tests. It could be the first step 
of the final goal as mentioned above.  
 
References: 
 
1. Kitamoto, Y. Date. K, 2001.6, Evaluation of 

forepiling supporting mechanism based on 
the cylindrical shell theory, Rock Mechanics 
a challenge for society; ISRM Regional 
Symposium EUROCK2001: 579-584. Espoo: 
Balkema. 

 
 

 
 

Mohammed Z B El Shafie 
 
Supervisor: Professor Robert Mair 
Year: 1st 
MPhil Topic: Investigation into the interactivity 

between the excavation-induced displacements 
and structures 

 
Mohammed El Shafie graduated in 2002 from the 
University of Khartoum, Sudan, with a BSc. (First 
Class Honours) in Civil Engineering. He was 
awarded the University of Khartoum Prize for best 
academic performance and the Department prizes 
for best performance in soil mechanics and fluid 
mechanics. After graduation he joined the Civil 
Engineering Department in the University of 
Khartoum as a teaching assistant. He joined the 
Cambridge Geotechnical Research Group in 
October 2003 as an MPhil student supervised by 
Professor Robert Mair. He is a member of Hughes 
Hall College.    
 
Research Profile: 
 
In recent years, increasing attention is being given 
to the movement control in urban areas. The 
increasing demand of new infrastructure in urban 
areas has lead to a great number of deep 
excavations. The construction of these 
excavations with all the accompanied processes of 
dewatering, wall installation and excavation result 
in displacement profiles in the soil mass behind 
the wall. The assessment of the influence of these 
construction processes including the excavation 
geometry on buildings and other structures has 
become an important and costly environmental 
issue. There is, therefore, a pressing need for 
research in the performance of structures 
subjected to excavation-induced displacements. 
Mohammed is trying, through a series of finite 
element analyses, to investigate the interactivity 
between the excavation-induced displacements 
and structures, i.e Is the problem an interactive 
problem? Do existing structures affect 
displacements? And if this is so,  is it possible to 
give initial estimates of likely building damage? 
 
 



 
 

Khalid Gafar 
 
Supervisor: Dr Kenichi Soga 
Year: 1st 
MPhil Topic: Fundamental Study of Grout 

Behaviour in Sands and Silty Sands 
 
Grouting is a sustainable solution to many of the 
problems encountered during the excavation 
activities. However, the application of the 
grouting is limited due to the uncertainties in its 
mechanical behaviour.  Namely: fracture initiation 
and propagation, fracture orientation, and grout 
deformations. Therefore, extensive research to 
explore the grouting mechanical properties under 
different circumstances and soil conditions has to 
be conducted. My research will be focused in 
studying and analysing the mechanical properties 
of grout in Permeation and Compensation 
grouting. Two types of grouts will be utilised: 
cement-bentonite and sodium silicates. 
Experimental work will involve injection of grouts 
into a modified consolidometer of an 85 cm 
diameter containing sand and silty sand. After 
consolidation, soil will be dug out and grout 
distribution will be explored. Single and multiple 
injections will be conducted to include the effect 
of boundary conditions. In addition to normal 
Static Injection, Dynamic Injection will be tried. 
The main application of this kind of grouting is in 
rock grouting, and it involves an additional 
oscillating injecting pressure in addition to the 
constant one. Moreover, the research will employ 
a numerical modelling technique in order to 
simulate the actual grout behaviour in soil. 
Particle Flow Code in Three Dimensions, PFC3D 

software will be used for this purpose. 
 
 

 
 

Andrew Merritt 
 
Supervisor: Professor Robert Mair 
Year: 5th 
PhD Topic: Conditioning of clay soils for earth 

pressure balance tunnelling machines 
 
Soil conditioning is commonly used during 
tunnelling with earth pressure balance (EPB) 
machines. This involves injecting conditioning 
agents into the excavated soil to modify the 
properties to improve the performance of the 
tunnelling machine. Effective soil conditioning 
leads to improved control of the EPB excavation 
process, reductions in the machine driving 
parameters, and reduced wear of the machine. 
However, there are many soil conditioning agents 
available with varying application parameters, 
and their effects on the properties of different soils 
and the machine performance are not well 
understood. This makes specification of effective 
soil conditioning treatments for various ground 
conditions difficult. This research has been 
investigating the effects of various conditioning 
agents on the properties of clay soils and EPB 
machine-soil interactions through laboratory 
testing. The project is in collaboration with work 
at Oxford University, and is supported by the UK 
Pipe Jacking Association, the EPSRC, and 
Nishimatsu Construction Company. 
 
Recent research has involved a series of tests with 
a model EPB machine screw conveyor system that 
was designed and commissioned at Cambridge. 
This apparatus, pictured below, is instrumented to 
monitor the soil flow rates, pressure gradients, 
interface shear stresses, and screw torque. A series 
of tests with a model clay soil and natural clay 
soils conditioned with various polymer and foam 
treatments was performed. These tests investigated 
the screw conveyor mechanics, and the effects of 
varying soil properties, screw geometry and 
conveyor operating conditions on the 
performance. The tests have shown that effective 
conditioning of clay soils allows controlled 
operation of the screw conveyor. A theoretical 
model of the screw conveyor operation allowing 



prediction of the pressure gradient and screw 
torque has also been developed. 
 
Recent publications presenting some of this 
research are: 
 
1. Mair, R.J., Merritt, A.S., Borghi, X., 

Yamazaki, H., and Minami, T. ‘Soil 
Conditioning for Clay Soils’. Tunnels and 
Tunnelling International, April 2003. 

 
2. A.S. Merritt, F.X. Borghi and R.J. Mair. 

Conditioning of clay soils for earth pressure 
tunnelling machines. Underground 
Construction 2003, London, September 
2003. 

 

strumented model EPB screw conveyor system. 
 
In
 

 
Schematic of instrumented model EPB screw 
conveyor. 
 
 
 
 
 
 

 
 

Dimitrios Selemetas 

Supervisor: Dr Jamie Standing 
Year:           3rd 

Topic:         The response of full-scale piles 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 advent of tunnelling techniques has made the 
construction of metro systems within urban cities 
a viable option, but has also given rise to new 
challenges, as many of these metros have to be 
constructed close to piled foundations. The 
interaction mechanisms between tunnelling, the 
ground and piled foundations are currently not 
well understood and consequently engineers are 
forced to adopt very conservative and hence costly 
solutions when invited to assess the potential 
impact of tunnel excavation on piled structures. In 
view of the scarcity of well-documented field case 
studies it was clear that a new research quality 
field study would be of great value provided the 
appropriate site could be identified. Such a field 
programme would also complement the earlier 
excellent experimental work carried out by S. W. 
Jacobsz using centrifuge modelling at Cambridge. 
The construction of the northern section of the 
new Channel Tunnel Rail Link (CTRL) provided 
that unique opportunity. 
 
During the last year an extensive programme of 
field monitoring has been 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: 
 



• The installation, loading and monitoring of 
four instrumented piles along the CTRL route. 
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 4 LVDTs at the top of each 
pile cap. 

 
• The three-dimensional monitoring of a three-

storey piled building situated along the CTRL 
route and close to the instrumented piles. This 
was achieved by means of total station surveys 
and precise levelling. 

 
• 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. These measurements of the 
‘greenfield’ ground response are to be 
compared with the corresponding behaviour of 
the instrumented piles and the nearby piled 
structure in order to assess the role of 
structural stiffness in this complicated soil-
structure interaction problem.  

 
At the time of writing all the scheduled fieldwork 
has been completed. The analysis and 
interpretation of the results of this field study will 
shed light onto the response of piled structures to 
tunnelling. This research will be of benefit to 
various parties, including Rail Link Engineering 
(RLE), the CTRL contractors and the Client, 
Union Railways (UR), who will indirectly pass on 
the benefit to the public through reduced costs. 
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. Finally, building owners will have 
greater confidence and be more aware of the 
potential impact of tunnelling on their structures. 
This will also prove fruitful for the general public, 
as it will promote the viability of future tunnelling 
projects for improving urban infrastructure and 
transport systems, thus providing better services 
to the community.  
 
Publications: 
 

1. Selemetas, D. (2003). The Geotechnical 
Aspects of CTRL Section 2. Ground 
Engineering, vol. 36, No. 11, 43-45. 

 
2. Selemetas, D., Standing, J. R., Mair, R. J., 

Sharrocks, D. M., Parker F. and Allen, R. 
(2002). The response of a piled structure to 
tunnelling and jacking. Proc. 3rd Int. 
Symposium on Geotechnical Aspects of 
Underground Construction in Soft Ground, 
Toulouse. 

 
3. Selemetas, D. (2002). Field Investigation of 

pile response to tunnelling. First Year Report, 
Cambridge University, Department of 
Engineering. 

 
 

 
 
Aleksandar Spasojevic 
Research Associate 
 
[1] Pipes & soil-structure interaction 
(Robert Mair, Aleksandar Spasojevic) 
 
In 2003 I finished the experimental work on 
centrifuge modelling of flexible liners for 
rehabilitation of deteriorated pipes, the project I 
have been working on for last 2.5 years. Model 
experiments have been devised using a 
geotechnical centrifuge to simulate the loading 
sequence and possible deterioration mechanisms 
of a buried rigid sewer pipe and its soil surround, 
both before and after renovation with a flexible 
lining. The experimental techniques developed 
have allowed, for the first time, direct 
measurement of the deformation and strains 
induced in a close-fitting model liner pipe due to 
the subsequent deterioration of the host pipe and 
due to the collapse of voids in the surrounding 
ground. The influence of moving, high intensity 
traffic loading on the ground surface has also been 
investigated. 
 
Centrifuge tests in sand (14 of them) have shown 
that the soil efficiently redistributes its loading 
during host pipe deterioration to the surrounding 



soil; transferring relatively small ground loading 
to the flexible lining. The self-weight of the host 
pipe is very important part of transferred loading, 
Figure 1. The imposed deformations are easily 
absorbed by the lining. The traffic loading, even at 
very shallow soil cover, produces only small 
effects. 
 

Figure 1. Vertical diameter changes of the model 
flexible liner as a function of volume loss in the 
void at the invert. 
 
Related publications: 
 
1. Gumbel, J.E., Spasojevic, A and Mair R.J. 

(2003) “Centrifuge modelling of soil load 
transfer to flexible sewer liners”. 
Proceedings, ASCE Pipelines 2003 
Conference, New Pipeline Technologies, 
Security and Safety, Baltimore Maryland, 
July 13-16 

 
2. Gumbel, J.E., Spasojevic, A and Mair R.J. 

(2004) “Experimental studies of soil load 
transfer to flexible sewer liners: latest results 
and implications for design”. ASCE Pipelines 
2004 Conference, San Diego CA, August 1-
4[2] Liquefaction 

 
[2}(Professor Malcolm Bolton, Dr Gopal 
Madabhushi, Dr Kenichi Soga) 
 
The second project on which I am working at the 
moment deals with the numerical modelling of 
liquefaction in finite element code ABAQUS. I am 
trying to implement u-p and u-w formulation of 
poro-dynamics into ABAQUS with kinematical 
hardening model of soil mechanical behaviour. 
The kinematical hardening constitutive model is 
seen as a natural extension of a macro model of 
friction into the domain of continuum mechanics.  
Two implementations are being considered and 
tested: 
 
a. The first based on the consolidation algorithm 
already implemented in ABAQUS and d-form of 
Newmark algorithm of dynamic equations. This 
coupling results in essentially static model in 
which the dynamic, inertial effects of soil-water 
mixture are introduced by the springs at each 
node of the finite element mesh. “Spring” 

constants depend on a mass lumped at the node, 
time step and Newmark β  factor. 
 
b.  The second implementation is based on the 
concept of overlapping continuum, in which the 
solid (granular) phase and a fluid phase are 
modelled as two interacting continuums. The 
interaction between the two phases is provided by 
the coefficients of permeability matrix and fluid 
and granular compressibility. This formulation 
makes extensive use of the advanced constraint 
and interaction modelling, available in ABAQUS 
and very robust implementation of slightly 
compressible materials. One version of the 
implementations also makes use of fluid surface 
elements. 
 
 

 
 

Eduard Vorster 
 
Supervisor: Professor Robert Mair 
Year: 2nd 
PhD Topic: The influence of tunnelling on buried 

pipelines 
 
After working for 4.5 years in geotechnical 
practice in South Africa I started my PhD at The 
University of Cambridge during October 2002.  
My project is funded through the Cambridge MIT 
Institute (CMI) and aims to contribute to one of 
their flagship projects to investigate the 
sustainable operation and maintenance of ageing 
infrastructure. 
 
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 from the utility company’s 
point of view. 
 
The research project entitled The Influence of 
Tunnelling on Buried Pipelines 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 be in a 
position to provide guidelines for assessing the 
risk of soft ground tunnelling near existing 
pipelines and provide them with some 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. 
 
The project is undertaken in three stages which 
may run parallel over the three year period 
between October 2002 and October 2005. 
 
1. During the first stage a series of centrifuge 

model tests will be performed whereby three 
model pipes depicting three large diameter  
prototype pipelines (28 inch and 48 inch cast 
iron and 2.7 m steel), varying over three orders 
of magnitude bending stiffness (EI), are 
subjected to volume loss by means of a model 
tunnel.  The experiments are carried out in 
sand, during which time subsoil settlement of 
the soil far away from the model pipeline, 
surface settlement, pipeline settlement, soil 
pressure and pipe bending moments are 
recorded.  This stage is approximately half-
way done, with five centrifuge tests having 
been completed.  This stage is expected to be 
completed by the end of 2004.  During this 
stage it is aimed to obtain insight into the 
mechanism at work on continuous pipelines. 

 

Fig 1: The centrifuge package used 
 

2. Stage 2 is carried out concurrently with Stage 
1’s centrifuge tests and aims to simulate the 
results of centrifuge tests by means of simple 
force-displacement models and later by means 
of 3D finite element modelling.  Simple force-
displacement relationships have been 
investigated for some the centrifuge tests 
conducted so far and will be followed shortly 
by 3D modelling. 
 

 
Fig 2: Diagrammatic view of the problem 

 
3. The final stage of the research aims to test 

hypotheses made during centrifuge testing and 
finite element testing on a field case.  I have 
been closely involved in monitoring settlement 
along the Victoria Line (Northbound) tunnel at 
Highbury and Islington Station in London and 
will aim to apply my work to this field case. 

 
To maintain a practical perspective the CMI 
project works in close association with London 
Underground Limited (LUL) and Thames Water. 
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PhD Topic: Three-dimensional finite element 
analysis of short and long-term ground 
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Recently Three-dimensional finite element analysis 
has increasingly been used as a tool for predicting 
and analysing problems related to tunnelling.  
 
Most of the finite element analyses carried out 
have been assumed undrained condition and 
therefore could only represent a short-term 
ground response. This research extends the 
analyses to consolidation ones, which allow the 
flow of pore water pressure to be taken into 
account during and after tunnel construction, and 
hence long-term ground response. 
 
A sophisticated critical state soil model with a 
subloading surface, which allows the behaviour of 
overconsolidated soil to be modelled more 
accurately, has been implemented. Its ability to 
model plastic strain within the yield surface shows 
a more accurate prediction of change in the pore 
water pressure when model triaxial tests.  Change 
in pore water pressure is an important source of 
the long-term ground response.  Hence it is 
thought that the soil model would predict the 
ground response better in the long-term.  
 
Many published laboratory tests have shown that 
London Clay is an anisotropic material, and 
therefore should be modelled using anisotropic 
soil model. Hence the transverse anisotropic 
subloading surface soil model is being 
implemented in order to investigate the effect of 
soil anisotropy in short and long-term on ground 
response due to tunnelling. 
 
The research currently involves carrying out 
consolidation three-dimensional finite element 
analyses with isotropic and anisotropic subloading 
surface soil model using the geometry of St. 
James’s Park greenfield site to evaluate the ability 
and limitation 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 or immediate ground 
response. The analyses are then carried out further 
into the consolidation period and a look at the 
long-term ground deformation and 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, relative 
permeability of soil including soil anisotropic 
permeability and lining.  
 

Having carried out some parametric studies 
above, then the aim is to try to see whether it is 
possible to create a design chart for excavation 
with an open face in London Clay. So that 
magnitude and mechanism of ground deformation 
in short and long-term, and expected tunnel lining 
load can be easily determined from the design 
chart. 
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