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The Geotechnical and Environmental Research 
Group is home to  7 academic staff, 7 technicians, 1 
computer officer and 3 administrative staff, 6 post 
graduate researchers and 37 graduate students 
engaged in research covering the whole spectrum of 
geotechnical and environmental engineering. Since its 
formation more than 50 years ago, the group has 
produced over 170 PhDs.  
 
2005 was another extremely active year for the 
group. The current interests of the group are wide, 
encompassing construction processes, infrastructure, 
environmental engineering, earthquakes, and the 
fundamental mechanics of soils. The group has 
extensive facilities for laboratory testing, centrifuge 
modelling, and numerical analysis. 
 
We operate both in the main Engineering 
Department building, where we have the 
Geotechnical Research Office and the Geotechnical 
and Geoevironmental Laboratory, and at the 
Schofield Centre in West Cambridge. 
 

The Group was successful in winning £2M of JIF 
funding in 2000. The aim was to create a Centre for 
Geotechnical Process and Construction Modelling 
“focussed on the key questions of construction and 
environmental technology, where field, computational 
and physical modelling studies can be integrated in 
collaboration with industry”. The new building 
(named the Schofield Centre after Emeritus Professor 
Andrew Schofield) was completed in 2001, and by 
October 2004 was fully occupied by 39 staff and 
research students. 
 
This new facility has provided us with enhanced space 
and research equipment, allowing existing research 
areas to expand and new opportunities to be 
developed. These enlarged experimental facilities 
currently host research collaborations with Thames 
Water, Technip-Offshore, Giken Seisakusho, 
Geotechnical Consulting Group, Kajima, Nishimatsu, 
Boreas, BP, Arup, Highways Agency, Crossrail, Rail 
Link Engineering, Fugro, Skanska and others. 
 
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. Field monitoring with new 
BOTDR optical fibre technology has been undertaken 
on a number of piling projects and on a major 
tunnelling project in London.  
 
 
During 2005 a total of 11 PhDs and 1 MPhil were 
successfully examined, and we hosted 7 international 
academic visitors. Research generated more than 100 
publications by the group in 2005, and we were 
awarded more than £1 million of project funding by 
the EPSRC and other research funding bodies. In 
addition, we received considerable support from 
industry both as direct funding and through 
collaborative activity in the field. 
 
The purpose of this yearbook is to summarise the 
activity of the Geotechnical and Geoenvironmental 
Research Group. Each researcher has written a short 
article about their recent research. 
 
 
 
 
 
 
 
 
 
 
 
 



 



    

 
“Andrew Schofield deserves to be regarded 
as one of the geniuses of soil mechanics of 
the latter half of the 20th century” Professor 
Mark F. Randolph, The University of Western 
Australia, Perth 
 
This book describes the developments leading to 
the Original Cam Clay model, focusing on 
fundamentals of the shearing of soil. The aim is to 
lay the groundwork of understanding that should 
form the basis of geotechnical design, guiding 
engineers towards the class of behaviour to be 
expected under different combinations of effective 
stress and water content. In this book there are a 
few equations, but simple ones; much greater 
challenge rests in the arguments put forward 
regarding soil behaviour and the intellectual effort 
needed to keep pace with the author.  
 
The book is divided into six chapters, which 
progress from the simple planar sliding of soil 
towards plastic design in geotechnical engineering. 
A modest ambition for the book might be to see 
the words 'cohesion' and 'adhesion' excised from 
our soil mechanics vocabulary, replacing them 
with, respectively, 'shear strength' at a given water 
content and effective stress level and on the rather 
rare occasions where it is appropriate, 
'cementation'. 
 
 

 
 
 
 
 
 
 
 
 
 
 

Andrew Schofield remains active at the 
Schofield Centre. His first book “Critical State 
Soil Mechanics”, published with Peter Wroth 
in 1968 is now available on-line for free 
download at www.geotechnique.info. He has 
now published a second book, “Disturbed Soil 
Properties and Geotechnical Design” which is 
outlined below.   It is available from Thomas 
Telford Publishing. 

 
 
Once armed with the simple concept of wet and 
dry of the critical state line, readers will fully 
understand whether a sample will wish to contract 
or dilate, whether pore pressures generated 
during undrained shearing will tend to the positive 
or negative, and conditions where ductile plastic 
deformation might change to brittleness and 
fracture. The ability of the model to quantify these 
states is immediately appealing to modern readers, 
rather than having to digest purely qualitative 
explanations. 
 
Full of technical and personal insights, this is a 
rewarding book that reinforces ideas described in 
some of the authors’ earlier works. For the 
unconverted, it is an invitation to re-examine your 
basic understanding of soil behaviour. For the 
converted it is a call to ensure that our teaching 
and the vocabulary and nomenclature we use in 
describing strength models for soil, reflect 
accurately the underlying concepts. 
 
 
 
 
 
ISBN: 0727729829 
Publish Date: 23/12/2005 
Publisher: Thomas Telford Ltd 
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Malcolm D Bolton 
Churchill College 
 
Professor of Soil Mechanics 
Director of the Schofield Centre 
 
By the end of 2005 the Schofield Centre was as busy 
as ever, accommodating 23 research workers, six 
technicians and three academic staff, brought 
together into a coherent and sociable community 
through the continuing efforts of our manager, 
Anama Lowday.  We have been working on 11 
projects using the Turner Beam Centrifuge, one on 
the Schofield Mini-drum Centrifuge, and another 8 on 
the laboratory floor or the bench, including projects 
to develop fibre-optic monitoring technology which is 
now being deployed in the field. As ever, these 
projects have depended on experimental rigs and 
devices brought into being by Chris Collison, John 
Chandler, Chris McGinnie, Kristian Pether, Tom 
Johnston and Frank Sixsmith. Following the 
retirement of Chris Collison in September, Steve 
Chandler came over from the main site to manage 
both the laboratory here and the soils laboratory at 
Trumpington Street. New facilities include two large 
test tanks within which soil-pipeline interaction tests 
can be carried out using a two-axis actuator driving 
pipe sections via a multi-axis load cell. 
 
My research group is pushing forward in four areas: 
offshore geotechnics, geotechnical design to limit 
ground movements, geotechnical and construction 
processes, and micro-geomechanics. 

In offshore geotechnics, Senthil Arasu joined in 
January 2005 as a PhD student to carry on the 
pipeline industry research work previously being 
performed by Dr Johnny Cheuk, who is now a 
lecturer at City University Hong Kong and Dr 
Masoud Bonab who left to take up a position as 
Assistant Professor at Tabriz University in Iran. New 
styles of pipe-soil interaction testing are contributing 
to the Joint Industry Project SAFEBUCK, which is 
seeking to define design guidelines for the safe 
control of thermal buckling of hot on-bottom 
pipelines currently being proposed for offshore West 
Africa and the Gulf of Mexico. 
 
The development with Dr Ashraf Osman of the 
Mobilisable Strength Design (MSD) methodology is 
providing a general tool by which designers can 
ensure that new works do not create unwanted 
ground movements. Published applications now 
include retaining walls, braced excavations and 
shallow foundations. New plastic deformation  
mechanisms have been shown to make excellent 
predictions all the way from negligible ground 
movements through to ultimate collapse. 
Presentations by Malcolm Bolton and Ashraf Osman 
were made in five different sessions of the 16th 
International Conference on Soil Mechanics and 
Geotechnical Engineering in Osaka in September 
2005, and all were well received. 
 
Regarding geotechnical processes, Ricky Lee 
successfully completed his MPhil on rainfall-induced 
landslides, Yen Chua completed her PhD thesis on 
horizontal arching on retaining structures due to 
excavation, Marcelo Silva completed his PhD thesis 
on the effects of transient flow during Cone 
Penetration Tests, and centrifuge model studies by 
Yueyang Zhao continue to explore the different 
behaviour of bored and jacked piles in sand.  
 
Work on micro-geomechanics continues. Dr Helen 
Cheng made new discoveries on the role of grain 
crushing in relation to critical states, which she 
presented to the Powders and Grains Conference in 
Stuttgart in July 2005. She had joined UCL as a 
Lecturer in April. George Marketos is successfully 
modelling in DEM the formation of compaction bands 
in weak sandstones due to grain crushing, also 
presented in Stuttgart. This work has potential 
applications in the management of oil reservoirs and 
the problems of well-bore instability and the 
inadvertent production of sand.  Fiona Kwok is using 
DEM to model some of the various creep and rate 
effects that are seen in soil tests on sands and clays, 
and that lead to considerable uncertainties for 
designers. These studies contribute to the growing 
interest in geotechnical micromechanics. Once again 
we were able to co-organise a UK Workshop on 
fundamental soil mechanics, that was held in 
University College London in December 2004. We 
also hosted an NSF-EPSRC Workshop in the Moller 
Centre in April 2005 for 50 top research workers.  



 
 
Abir Al-Tabbaa 
Sidney Sussex College 
 
Reader in Geotechnical Engineering 
 
Dr Abir Al-Tabbaa leads a research group consisting 
of three post-doctoral research associates and ten 
PhD students. Her current areas of research are 
ground improvement, deep soil mix technology, 
sustainable remediation of brownfield sites, waste 
minimisation and reuse, stabilisation/solidification and 
novel construction materials and processes. Her 
research has been funded by EPSRC, DTI, US Federal 
Highway Administration and industry. 
 
In the area of sustainable remediation of brownfield 
site Abir is the leader of the Cambridge team heavily 
involved in the £1.92m EPSRC funded consortium 
entitled: Sustainable Urban Brownfield Regeneration: 
Integrated Management (SUBR:IM). The consortium 
involves the collaboration with a number of research 
organisations namely Sheffield University (Lead 
Institution), Oxford Brookes, Kings College London 
Reading University, Forest Research, College of 
Estate Management, Surrey University, Manchester 
University and BRE. The aim of the consortium is to 
provide an integrated technical and social science 
approach to the problem of brownfield regeneration. 
The consortium has over 20 industrial collaborators 
including May Gurney, CIRIA, Environment Agency, 
CL:AIRE, Forestry Commission and English 
Partnership. The consortium consists of 16 work 
packages on which 18 researchers are employed. 
Abir and her team are involved in four of those work 
packages: (i) WP E: Robust sustainable technical 
solutions to contaminated brownfield sites, (ii) WP F: 
Integrated remediation and greening, (iii) WP I: 
Impacts of climate change on pollutant linkage and 
(iv) WP K: Novel special-purpose compost for the 
sustainable remediation of brownfield sites. WP E has 
developed a methodology for the assessment and 
comparison of the sustainability of remediation 
techniques and is currently looking at improving the 
sustainability of stabilisation/ solidification by 
combining it with bioremediation. One of the means 
by which this is being addressed is in the 

development of novel low pH cements. Further 
details are on www.subrim.org.uk. SUBR:IM is now in 
its third year. 
 
In waste minimisation and re-use Abir was a main 
player in the establishment of the £2.2m Faraday 
Partnership on Industrial Waste Minimisation (Mini-
Waste) funded by DTI, EPSRC and NERC. The other 
four core members are C-Tech Innovation (Lead 
organisation), Imperial College London, Birmingham 
University and Intellect. The aim of Mini-Waste is to 
provide novel technologies, processes and strategies 
to minimise industrial wastes through: (i) Improved 
production efficiency, (ii) conversion of waste into 
new beneficial product and (iii) on-site regeneration 
of resources from waste. Wastes from four 
industries are specifically targeted. These are (i) 
construction, demolition and minerals, (ii) organic 
food, (iii) metal and metal finishing and (iv) electronic. 
Mini-Waste activities include strategic research, 
training, consultancy, project management, 
dissemination, exploitation, technology and 
knowledge translation. Mini-Waste now has over 160 
industrial members. Abir is one of the three Research 
Managers responsible for managing the research 
activities of Mini-Waste and bringing over £6m worth 
of research funding to the partnership. This includes 
managing the £1m core funded projects, 10 annual 
Industrial CASE students and other related research 
initiatives. Further details on Mini-Waste can be 
found at www.mini-waste.com. Mini-Waste has 
recently become the Resource Efficiency Knowledge 
Transfer Network. 
 
Abir is the principal investigator of a £266k EPSRC 
Mini-Waste core funded project entitled ‘Waste 
minimisation through sustainable magnesium oxide 
cement products’ which is carried out in 
collaboration with Imperial College London, MIT and 
11 industrial collaborators including Forticrete, 
International Power, Ballast Phoenix and BRE. The 
recent emergence of MgO cements such as the 
much-publicised ‘Eco-cement’ provides a unique 
opportunity to develop durable novel and sustainable 
cement-based construction products that incorporate 
a large proportion of waste materials. MgO cements 
use ‘reactive’ magnesia that is manufactured at much 
lower temperatures than Portland cement and 
contains a large proportion of by-product pozzolans. 
One range of these cements hardens by sequestering 
atmospheric CO2 and is expected to have a much 
higher propensity for binding with waste than 
Portland cement resulting in far more sustainable 
products.  Another range provides improved 
durability and resistance to chemical attack compared 
to Portland cement. This project investigates the 
fundamental properties and behaviour of MgO 
cement formulations and MgO cement-waste mixes 
and their potential application in the development of 
construction products, e.g. blocks, bricks and tiles, 
that contain large quantities of waste yet have either 
comparable or even improved durability and/or 
reduced leachability when compared to Portland 
cement-based products. Related work is also looking 



at the conversion of cement-waste material into 
artificial aggregates, using the process of pelletisation, 
and comparison with commercially available 
aggregates. The project is now in its second year. 
There is considerable interest in this work from 
industry and international collaborations are also 
currently being set up. 
 
The stabilisation/solidification treatment and 
remediation network (STARNET) completed its 
funded activities in 2005. Abir was the co-ordinator 
of the network. The other core members are from: 
Imperial College, University College London, the 
universities of Surrey, Greenwich, Birmingham and 
Newcastle, BCA, EA, Shell Global Solutions, May 
Gurney, Viridis, MJCA, CIRIA, CL:AIRE, Lafage 
cement, Buxton Lime, SITA, EDGE Consultants, 
Grundon, ARCADIS, BNFL, Enverity and S/S 
Remediation. The aim of the Network was to 
provide a forum for discussion and collaboration 
between academic, industry and regulators to take 
the technology forward. The Network activities 
included state of practice reports and a newsletter. A 
workshop was hosted in July 2002 at which research 
priorities were established. A book chapter ‘Chapter 
11: Testing and performance criteria for 
stabilised/solidified waste forms’ was published in 
‘Stabilization and Solidification of Hazardous, 
Radioactive and Mixed Wastes’ edited by Spence and 
Shi (CRC Press, ISBN 1566704448, pp 481-525, 
December 2004). The grand finale of the STARNET 
activities was the hosting of the international 
conference on Stabilisation/Solidification Treatment 
and Remediation – Advances in S/S for Waste and 
Contaminated Land in Cambridge on 12-13 April 
2005. The conference was sponsored by BCA, May 
Gurney, Bachy Soletanche, INERTEC, Lhoist, Edge 
Consultants and BGA. The conference was attended 
by 180 delegates from 15 countries and over the two 
day event 34 papers were presented. Keynote 
lectures were given by Marie-Claire Magnie 
(INERTEC), Goran Holm (SGI), Hans van der Sloot 
(ECN) and Jan Gronow (EA). The conference 
proceedings, edited by Abir together with Julia 
Stegemann (University College London), are 
published by Balkema. Copies of the presentations at 
the conference and other STARNET material can be 
found on www-starnet.eng.cam.ac.uk. Another major 
outcome of the STANET activities is the funding of 
an £800k project by DTI and industry entitled 
‘Process envelope for cement-based 
stabilisation/solidification’. The project is led by Julia 
Stegemann at UCL in collaboration with Cambridge 
University, Imperial College London, Surrey 
University and Birkbeck College and 16 industrial 
collaborators including BCA, BLA, UKQAA, Grundon 
Waste Management, Onyx Environmental Group and 
Sita UK. The aim of the project is to develop 
envelopes for generic S/S of the most common and 
problematic residual waste types. The three-year 
project is due to start in early 2006. 
 
Work on ground improvement continues on the 
application of deep soil mix technology to ground 

improvement, contaminated land remediation and the 
development of novel and more durable additives. 
Work completed in 2005 includes three research 
projects funded by the US National Deep Mixing 
(NDM) Research Program. These are projects 
related to soil mixing of peat and organic and soft 
clays and addressed the following particular topics: (i) 
behaviour of cement treated clays in aggressive 
environments which incorporate bentonite and 
zeolite in the grout, (ii) mechanical properties of wet 
soil-mixed peat and organic clay and (iii) accelerated 
ageing of cement treated inorganic and organic clays. 
This included an extensive experimental programme 
of mechanical and laboratory-scale auger mixing. Field 
trials of deep soil mixing applications for both ground 
improvement and the remediation of contaminated 
land are being planned in collaboration with May 
Gurney. 
 
Publications in 2005: 
 
1. Harbottle, M. J., Smith, S. E., Al-Tabbaa, A. and 

Guthrie, P. M. (2005). Technical sustainability of 
brownfield land remediation. CL:AIRE SUBR:IM 
Conference – Regeneration and Remediation of 
Contaminated Land, March, Natural History 
Museum, London, pp 87-105. 

 
2. Osman, A. and Al-Tabbaa, A (2005). Behaviour of 

cement-stabilised soft clays in aggressive environments 
– Laboratory Study. Final Project Report to the 
National Deep Mixing Research Program, US 
Federal Highway Administration, March, 203pp. 

 
3. Hernandez-Martinez, F. and Al-Tabbaa, A. (2005).  

Mechanical properties of laboratory-scale wet-soil 
mixed organic soils – Laboratory Study. Final Project 
Report to the National Deep Mixing Research 
Program, US Federal Highway Administration, 
March, 123pp. 

 
4, Al-Tabbaa, A, Hernandez-Martinez, F., Perera, 

A.S.R and Chitambira B. (2005). Accelerated ageing 
of cement treated soils with elevated temperature – 
Laboratory study. Final Project report to the 
National Deep Mixing Research Program, US 
Federal Highway Administration, March, 90pp. 

 
5. Al-Tabbaa, A. and Perera, A. S. R. (2005). State of 

practice report, UK stabilisation/solidification 
treatment and remediation, Part I: Binders & 
Technologies – Basic Principles. Proceedings of the 
International Conference on 
Stabilisation/Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, pp 
365-385. 



6. Al-Tabbaa, A. and Perera, A. S. R. (2005). State of 
practice report, UK stabilisation/solidification 
treatment and remediation, Part II: Binders & 
Technologies – Research. Proceedings of the 
International Conference on 
Stabilisation/Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, pp 
387-397. 

 
7. Al-Tabbaa, A. and Perera, A. S. R. (2005). State of 

practice report, UK stabilisation/solidification 
treatment and remediation, Part III: Binders & 
Technologies – Applications. Proceedings of the 
International Conference on 
Stabilisation/Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, pp 
399-413. 

 
8. Perera, A. S. R., Al-Tabbaa, A, Reid, J. M. and 

Stegemann, J. A. (2005). State of practice report UK 
stabilisation/ solidification treatment and remediation, 
Part IV: Testing and Performance Criteria. 
Proceedings of the International Conference on 
Stabilisation/ Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, 
415-435. 

 
9. Perera, A. S. R., Al-Tabbaa, A, Reid, J. M. and 

Johnson, D. (2005). State of practice report UK 
stabilisation/ solidification treatment and remediation, 
Part V: Long-term performance and environmental 
impact. Proceedings of the International 
Conference on Stabilisation/Solidification 
Treatment and Remediation, April, Cambridge, 
UK, Balkema, 437-457. 

 
10. Perera, A. S. R., Al-Tabbaa, A and Johnson, D. 

(2005). State of practice report UK stabilisation/ 
solidification treatment and remediation, Part VI: 
Quality Assurance and Quality Control, Proceedings 
of the International Conference on 
Stabilisation/Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, 
459-468. 

 
11. Perera, A. S. R., Al-Tabbaa, A and Johnson, D. 

(2005). State of practice report UK stabilisation/ 
solidification treatment and remediation, Part VII: 
Good Practice Guidance Documents. Proceedings of 
the International Conference on 
Stabilisation/Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, 
469-485. 

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

Yu, X.D.  (2005). Accelerated ageing of a stabilised/ 
solidified contaminated soil. Proceedings of the 
International Conference on Stabilisation/ 
Solidification Treatment and Remediation, April, 
Cambridge, UK, Balkema, pp 149-158.           

13. Harbottle, M. J., Al-Tabbaa, A. and Evans, C. W. 
(2005). The technical sustainability of in-situ 
stabilisation/solidification. Proceedings of the 
International Conference on Stabilisation/ 
Solidification Treatment and Remediation, April, 
Cambridge, UK, Balkema, 159-170. 

 
14. Al-Ansary, M. S. and Al-Tabbaa, A.  (2005). 

Stabilisation/solidification of synthetic drill cuttings 
representing Ras Shukier oil field in Egypt. 
Proceedings of the International Conference on 
Stabilisation/Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, pp 
19-29. 

 
15. Duru, U. E. and Al-Tabbaa, A.  (2005). Effect of 

microbial activities on the mobility of copper in 
stabilised contaminated soil. Proceedings of the 
International Conference on Stabilisation/ 
Solidification Treatment and Remediation, April, 
Cambridge, UK, Balkema, pp 325-333. 

 
16. Perera, A. S. R. and Al-Tabbaa, A. (2005). The role 

of accelerated carbonation in the accelerated ageing 
of stabilised/solidified waste forms. Proceedings of 
the International Conference on 
Stabilisation/Solidification Treatment and 
Remediation, April, Cambridge, UK, Balkema, pp 
181-191. 

 
17. Al-Tabbaa, A. and Stegemann, J. A. (2005). 

Stabilisation/Solidification Treatment and Remediation 
– Advances in S/S for Waste and Contaminated Land. 
Proceedings of the International Conference, 
April, Balkema, ISBN 04 1537 460 X, 485pp. 

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

(2005). Strength Properties of Stabilised Peat. 
International Conference on Deep Mixing – Best 
Practice and Recent Advances, May, Stockholm, 
Vol. 1, pp 69-78.  

 
19. Al-Tabbaa, A. (2005). State of Practice Report – 

Stabilisation/solidification of contaminated materials 
with wet deep soil mixing. International Conference 
on Deep Mixing – Best Practice and Recent 
Advances, May, Stockholm, Vol. 2, pp 697-731. 

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

(2005). Mechanical properties of stabilised peat 
based on laboratory testing. XVI International 
Conference on Soil Mechanics and Geotechnical 
Engineering, Osaka, September, Vol. 3, pp 1193-
1198.  

 
 
 
 

 
 
 



 
 
 
 
 
 
 
 
 

  
International conference on Stabilisation/Solidification Treatment and Remediation – Advances in S/S for Waste and 

Contaminated Land delegates, Cambridge 2005 



 

 
 
Stuart  K Haigh 
Girton College 
 
Senior Research Fellow 
 
Since my appointment as Senior Engineer at the 
Schofield Centre in January 2005, I have been heavily 
involved with designing experimental equipment for 
use in the centre and with preparing for the beam 
centrifuge upgrade that will take place between 
March and August 2006. 
 
This upgrade will eliminate many of the restrictions 
currently experienced with the machine and put us in 
a good shape to tackle the geotechnical challenges of 
the 21st century. 
 
During the year I have also been involved in 
integrating our high-speed camera onto the 
centrifuge earthquake actuator, developing equipment 
to measure pull-out loads on soil nails and developing 
data acquisition systems for both the minidrum and 
beam centrifuges. 
I have also been involved in the final stages of two 
dynamic centrifuge research projects looking at the 
liquefaction mitigation of bridge foundations with 
Paulo Coelho and various earthquake damage 
mitigation techniques for existing buildings with 
Andrew Brennan and Helen Mitrani. 
 
Outside of the Schofield Centre I have been involved 
in teaching the 5R5 course on Experimental methods 
in Geomechanics and supervising 1st, 2nd and 3rd year 
undergraduates. 
 

 
Figure 1: SAM actuator with high-speed camera  
 
Publications in 2005: 
 
1. Haigh, S.K. and Madabhushi, S.P.G. (2005) The 

effects of Pile Flexibility on Pile-Loading in Laterally 
Spreading Slopes. In SEismic Performance of Pile 
Foundations in Liquefied and Laterally Spreading 
Ground, ASCE Special Publication 145, pp.24-37. 

 
2. Haigh, S.K., Ghosh, B. and Madabhushi, S.P.G. 

(2005) The effect of time step discretisation on 
dynamic finite element analysis. Canadian 
Geotechnical Journal, 42(3)957-963. 

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

S.P.G. (2005) On the prediction of dynamic behaviour 
using numerical and physical modelling. 16th 
International Conference on Soil Mechanics and 
Geotechnical Engineering, Osaka, Japan, 
September 2005. 

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

S.P.G. (2005) Centrifuge modelling of the use of 
densification as a liquefaction resistance measure for 
bridge foundations. 16th International Conference 
on Soil Mechanics and Geotechnical Engineering, 
Osaka, Japan, September 2005. 

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

S.P.G. (2005) The effects of densification on the 
earthquake loading transmitted to a bridge. EuroDyn 
2005.  

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

S.P.G. (2005) Post-earthquake behaviour of footings 
built on densified blocks to mitigate liquefaction. 6th 
International Conference on Ground 
Improvement Techniques. 

 
 



 
 

 
 
Rod Lynch 
 
Senior Technical Officer in Environmental 
Geotechnics 
 
Current research projects are: 
 
In situ clean-up of groundwater by 
photocatalysis 
MTBE is a petroleum additive which was used as are 
placement for lead additives in some motor fuels. It 
improves combustion but is very water soluble and a 
tiny quantity renders groundwater undrinkable. A 
process called photocatalysis is capable of destroying 
it. Photocatalysis is the action of light on a 
semiconductor catalyst which is in contact with an 
organic pollutant, and this can be decomposed to 
mainly CO2 and water. There is also a possibility of 
using solar energy for this. In the Chemistry 
Department they are researching improved catalysts 
for this application. In the Engineering Department 
we have designed and constructed a full scale 
underground reactor which locates in a borehole, 
and a field trial test programme is ongoing in Ontario, 
Canada, at the Waterloo University Earth Sciences 
Department. 
 
Team members: 
In the Engineering Department: May Chan, Dr Steve 
Rolt, and Alice Meloni, an ERASMUS-funded visitor 
from Cagliari University. 
In the Chemistry Department: Prof Richard Lambert, 
and Dr Alex Orlov. 
The Waterloo University team members who are 
doing the field trial are: Prof Jim Barker, Claudia Naas 
and Diana Puigserver Cuerda. 
 
This work was previously supported by EPSRC and 
the field trial is now supported by The Energy 
Institute. 

Remediation and containment of 
contaminated land by electrokinetic fields 
Electrokinetics is a treatment in which ionic 
pollutants are mobilised by the application of an 
electric field. Usually this is used as a clean-up 
process. In this work we are using it for containment. 
In a collaboration with the University of Cagliari, 
Sardinia, we are using electric fields to contain the 
spread of heavy metal pollutants under the influence 
of a local hydraulic gradient. In 2003/4, 4th year 
student, Katie Winfield, tested the fence in a small 
soil tank and found that heavy metals were contained 
even with a significant hydraulic gradient. Similar 
studies with Sardinian soils in a one-dimensional 
experiment  also gave positive results at the 
University of Cagliari. In 2005, Marion Nowicki, an 
MPhil student from Professor Amaratunga’s solar 
energy group and this year’s 4th year student Luke 
Walker investigated the possibility of a solar powered 
barrier. Even with severely limited power, the 
electric field was observed to retard significantly the 
spread of copper contamination which was driven by 
the large hydraulic gradient. Collaborators at Cagliari 
University are Professor Aldo Muntoni and Romano 
Ruggeri. 
 
Devices for the in situ detection and 
monitoring of pollutants 
In collaboration with Professor S Sasaki, of 
Wakayama College of Technology, Japan, the 
movement of a copper pollutant through Japanese 
residual soils has been measured with simple fibre-
optic probes, which can be calibrated to give a real 
time analysis of copper concentration. The results 
were published in a Japanese journal: Soils and 
Foundations, in February 2005. 
 
An investigation into a possible avalanche 
detector  
Slab avalanches are often caused by a shearing of the 
snow which occurs at a snow layer boundary. A 
simple way of detecting layers of snow by their 
relative strength is being explored. Snow was 
synthesised by 2004/5 MEng student, Angela Laycock, 
and experiments have been carried out in the cold 
room at the Scott Polar Research Institute, 
Cambridge and also in Norway and Switzerland.  
Two different probes have been designed and made 
by 2005/6 MEng student, James Engwall, which are 
under evaluation. We are grateful also to the 
Department of Applied Mathematics and Theoretical 
Physics at Cambridge University for the use of their 
cold room for snow-making. 
 
Publications in 2005: 
 
1. Chan, M., Orlov, A., Lambert, R. and Lynch, R.J.; 

In-situ groundwater clean-up of MTBE by 
photocatalysis; Int. Assoc. Hydrological Sciences  
Red Books Series, 2005, 297, 341-357. 

 
2. Nowicki, M.A., Lynch, R.J. and Amaratunga, G.; 

Stand-alone solar powered electrokinetic fence for 
preventing heavy metal pollution of groundwater; 



Proceedings of the 20th EU Photovoltaic Solar 
Energy Conference, Barcelona, Spain, June 2005. 

 
3. Sasaki, S., and Lynch, R.J.; Measurement of copper 

solution transport in a sand column by means of a 
fibre-optic sensor, and analysis of the breakthrough 
curve; Soils and Foundations, 45, 27-36, 2005. 

 
Due to be published: 
 
1. Orlov, A., Chan, M., Jefferson, D. A., Zhou, D., 

Lynch, R.J., Lambert, R.M., Photocatalytic 
degradation of water-soluble organic pollutants onTiO2 
modified with gold nanoparticles; Environmental 
Technology, 2006, in press. 

  
2. Lynch, R.J., Muntoni, A., Ruggeri, R. and Winfield, 

K.C.; Use of an electrical barrier to prevent heavy 
metal pollution of an uncontaminated site; 
Electrochimica Acta, 2006, accepted for 
publication. 

 



 
 
Gopal Madabhushi 
Girton College 
 
Senior Lecturer 
Assistant Director of The Schofield Centre 
 
Dr Gopal Madabhushi leads a research group on 
geotechnical earthquake engineering consisting of 
two post-doctoral research associates/fellows and 
four research students. Dr Madabhushi has wide-
ranging interests in this field from post earthquake 
field investigations to experimental and numerical 
investigations of liquefaction induced failure 
mechanisms of civil engineering structures. He is 
currently the chairman of EEFIT (Earthquake 
Engineering Field Investigation Team) which operates 
under the auspices of Institution of Structural 
Engineers, London. He is also a member of the 
Research and Education sub-committee of SECED. 
He has published about 150 papers in Journals and 
International Conferences, which can be viewed at 
http://www2.eng.cam.ac.uk/~mspg1/pub~1.html. Dr 
Madabhushi’s research has been funded by EPSRC, 
EU, NSF USA, Newton Trust, Santa Clara University, 
USA, Mott MacDonald, UK, Shimizu Corporation, 
Japan. 
 
Dr Madabhushi, working with 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 US Army Corps of Engineers at 
Vicksburg and EPSRC. This equipment has been 
instrumental to the geotechnical earthquake 
engineering research at Cambridge over the past 
decade. There are further plans to develop a 
powerful 2-D servo-hydraulic earthquake actuator 
that can create horizontal and vertical accelerations 
in the soil models. Such an earthquake actuator will 
further establish Cambridge as a unique place in 
Europe to carry out Earthquake Geotechnical 
Engineering research. Plans are also being made to 
link our Centre to the NEES grid in the USA which 
connects all the laboratories that carry out 
earthquake engineering simulations. An EPSRC 
proposal has been submitted seeking funding to link 

the dynamic centrifuge facility at Cambridge to the 1-
g shaking table facility at University of Bristol and sub-
structure testing rig at University of Oxford. This 
would constitute the UK-NEES network and would 
be linked to the US-NEES grid. 
 
Many boundary value problems have been studied 
ranging from liquefaction induced lateral flow past 
piles supported by Shimizu Corporation, plastic 
buckling of piles, liquefaction-induced settlement of 
rock fill dams, etc. In a recent project the dynamic 
soil-structure interaction of foundations of heavy 
structures such as Nuclear Reactor Buildings that are 
founded on stratified soil. Dr Madabhushi has a 
strong interest in Finite Element analyses of 
liquefaction problems. FEA has 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 efficiency of field drains in dissipating the excess 
pore water pressures generated during liquefaction 
was investigated. In this strand of research, Dr 
Madabhushi has played a key role in the recently 
completed €4.5 million EU project NEMISREF that 
looked at novel strategies to mitigate seismic risk of 
foundations of existing buildings. This project 
involved several European partners 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 which has evolved over last 
five years is the seismic behaviour of waste 
containment structures. This work has been 
supported by Santa Clara University, California and 
has led to a research proposal to NSF, USA. Exciting 
new data on load distribution on landfill components 
such as geomembrane layers following earthquake 
loading with or without liquefaction are coming to 
light. A new model waste has been developed that 
mimics the MSW under static and dynamic loading. 
Similarly exciting results have been obtained on 
cracking of clays that provided insight into the strain 
level required to observe cracking of landfill liners. 
Collaborative plans are being developed with 
Loughborough University and Dundee University to 
carryout research into the mechanical behaviour of 
landfill liners. 
 
Following the Boxing Day Tsunami of 2004 that led 
to wide spread destruction in several Asian countries, 
Dr Madabhushi along with Dr Thusyanthan started 



working on the effects of Tsunami wave loading on 
coastal buildings. This research was carried out in 
collaboration with Buro Happold and MIT who 
developed a Tsunami Safe(r) building. This design was 
reproduced at model scale and was tested in a large 
wave tank facility at the Schofield Centre. 
Comparisons were made between the performance 
of this specially designed building and a traditional Sri 
Lankan house construction under the action of 
Tsunami wave loading. Parts of this research were 
included in a Discovery Channel program on the 
effects of Tsunami waves. This research is currently 
being funded by the Royal Society and plans are 
underway to recreate Tsunami waves in the mini-
drum centrifuge facility. More details on this work 
are available at 
http://www.eng.cam.ac.uk/news/stories/2006/tsunami/  
 
Quite different from geotechnical earthquake 
engineering, Dr Madabhushi has a special interest in 
Biomechanics. He has researched into the 
biomechanics of revision Total Hip Arthoplasty 
(THA) looking at the mechanics of bone graft and 
novel materials such as bioglass used in these 
procedures. A special CAM shear apparatus was 
developed to estimate the shear strength of the bone 
graft. Finite element based numerical analyses were 
also carried out to look at the stress redistribution in 
the bone graft surrounding the prosthesis. An 
overview of this work was presented at a 
Biomineralisation workshop organised by CURE 
(http:///www.cure.group.cam.ac.uk/BioM/) and new 
links are being sought with University of 
Southampton to further advance this research. Dr 
Madabhushi is a member of the committee that is 
developing the new subject group Engineering for Life 
Sciences at Cambridge.  
 
Dr Madabhushi was presented with the Shamsher 
Prakash Research Award for 2005 and was cited for 
his contribution to the field of dynamic centrifuge 
modelling and finite element analyses. He was also 
awarded the T K Hsieh Award along with Dr S 
Bhattacharya and Prof M D Bolton for the best paper 
in Geotechnique in the field of Soil Dynamics and 
Earthquake Engineering. He was also appointed as an 
Adjunct Professor in the Department of Civil 
Engineering at the Indian Institute of Technology, 
Bombay. In this capacity, he recently helped promote 
centrifuge modelling in India through the II National 
Workshop on Physical Modelling with support from 
the Department of Science and Technology, India and 
The Royal Society, UK under the India-UK Science 
Network program. 
 



 
 
Kenichi Soga 
Churchill College 
 
Reader in Geomechanics 
 
The main news of 2005 is the publication of 
“Fundamentals of Soil Behavior, 3rd Edition” (John 
Wiley and Sons), which I co-authored with Prof 
James K Mitchell. It took two years to complete, but 
finally it is out! Apart from updating the material, we 
reorganised the chapters and the strength and stress-
strain section is totally rewritten with additional 
information on micromechanics, critical state soil 
mechanics and macro-micro relations. There is also a 
new chapter on time effects. We decided to have the 
book cover colour as blue as shown below. This is 
the same as the second edition. However, the gold 
stripe used in the previous edition is now changed to 
a ‘platinum’ stripe in the new edition. So far we have 
received very positive responses, but any criticisms 
and suggestions for further improvement are 
welcome. 
 

 
 

Four PhD students who were under my supervision 
completed their PhD study in 2005. John Page 
submitted a thesis “A mass flux and partitioning 
tracer concept for DNAPL source zone 
characterisation” and now works for Celtic 
Engineering. Indu Kulasooriya submitted a thesis 
“Remediation of DNAPL using surfactant flushing-
mass flux approach”. Eduard Vorster, whom I co-
supervised with Prof Mair, submitted a thesis “The 
effects of tunnelling on buried pipes” and went back 
to South Africa to work for Africon Engineering 
International Pty Ltd. Ming Wongsoraj submitted a 
thesis “Three-dimensional finite element analysis of 
short and long-term ground response to open face 
tunnelling in stiff clay.” in December 2005 and 
defended his thesis in January 2006. He now works 
for the Geotechnical Consulting Group. Dr Assaf 
Klar, Research Associate, went back to Technion 
Israel Institute of Technology in September to 
become a Senior Lecturer. Dr Lis Bowman, Royal 
Academy of Engineering Research Fellow, moved to 
New Zealand in September to take up a senior 
lectureship at the University of Canterbury. 

 
Four PhD students joined my research group in 
October. They are Chris Chau (MEng, Imperial) from 
UK, Kaushal Joshi (MSc, IIT Delhi) from India, Lian 
‘Leo’ Liu (MSc, Imperial) from China and Koson ‘Te’ 
Janmonta (MEng, Bristol) from Thailand. In addition, 
two PhD students joined the group in January 2006. 
They are C S Gue (MSc, Imperial) and S L ‘Tricia’ Lee 
(MSc, Imperial). They are originally from Malaysia, but 
came from Oslo after spending one year at the 
Norwegian Geotechnical Institute. Dr Fuminao 
Okumura of Japan’s Railway Technical Research 
Institute joined the group as an academic visitor in 
October. Apart from ‘soul’ searching for new 
research and business ideas, he is working with Chris 
and Te on life cycle analysis and fibre optics 
embankment monitoring. He will stay here until May 
2006. Mohammad Norouz-Oliaei of Sharif University 
of Technology in Iran also joined as a visiting PhD 
student in October. He is developing a fluid-soil 
coupled meshless FE program to simulate soil 
fracturing phenomenon. He plans to stay here until 
June 2006.  
 
I had various academic overseas trips in 2005. I 
visited Japan in February to give lectures at Hokkaido 
University and in April to give a seminar at Kyoto 
University and in September to attend the 
International Conference on Soil Mechanics and 
Geotechnical Engineering in Osaka as a session 
panellist. In March, I visited Hong Kong to give 
seminars at the Hong Kong Institute of Engineers, the 
University of Hong Kong and the Hong Kong 
University of Science and Technology. In June, I 
presented an ‘issue paper’ at the 11th International 
Conference of the International Association of 
Computer Methods and Advances in Geomechanics 
at Turin, Italy. In August, I gave two lectures at the 
Norwegian Geotechnical Institute. In October, I 
attended the ALERT Geomechanics workshop at 
Aussois, France to present a paper.  



In March, Prof Bolton and I hosted the UK-US 
workshop on micro-geomechanics at the Moller 
Centre, Churchill College, Cambridge. The workshop 
was organised in collaboration with the Georgia 
Institute of Technology and supported by EPSRC and 
US National Science Foundation. About forty 
researchers were invited to participate in the two-
day workshop and we had lively discussion on new 
research initiatives in the area of micro-
geomechanics.  
 
I completed my duty to serve as an editorial board 
member of Geotechnique and JGS Soils and 
Foundations, but joined the editorial board of Soil 
Science Society of America’s Vadose Zone Journal 
and Geomechanics and Geoengineering, an 
International Journal. I continue to serve as an 
editorial member of ASCE Journal of Geotechnical 
and Geoenvironmental Engineering and as an EPSRC 
college member.  
 
Research Areas: 
 
Tunnel construction processes and tunnel-
pipeline interaction (with Ming Wongsoraj, 
Eduard Vorster, Kensuke Date, Dr Assaf Klar 
and Professor Robert Mair) 
Ming Wongsoraj conducted 3D FE analysis to 
evaluate the short and long-term tunnelling induced 
ground response at St. James's Park, London and to 
improve the understanding of long-term ground 
response due to tunnelling in stiff clays. The results 
obtained from these analyses were generalised and 
presented in the form of normalised charts. Ming also 
performed FE analysis of Channel Tunnel Rail Link 
Tunnelling, which was supported by Nishimatsu 
Construction. Eduard Vorster investigated the effect 
of tunnelling on pipelines by identifying pipe-soil 
interaction mechanisms, formulating understanding of 
relative pipe-soil rigidity and quantifying the effect on 
continuous and jointed pipeline behaviour. The 
research was conducted by centrifuge modelling, 
numerical analysis and monitoring of an existing large 
diameter, concrete lined cylinder pipeline in North 
London. He and Dr Assaf Klar developed a design 
method to evaluate the interaction effects. The work 
was funded by the Cambridge-MIT Institute. Kensuke 
Date is working on tunnel face stabilisation using 
fore-poling and face bolt methods. He conducted a 
series of centrifuge tests that simulate the 
construction processes in order to find the soil 
deformation mechanisms associated with these 
methods. He is also performing three dimensional 
numerical simulations of the centrifuge tests. The 
work is funded by Kajima Technical Research 
Institute. 
 
Grouting Processes and Soil Fracturing 
(Khalid Gafar, Albert Ng) 
Khalid Gafar is investigating the soil deformation and 
fracturing mechanisms that occur during grouting in 
sandy soils using large scale physical models. He is 
evaluating the effects of confinement, injection rate, 
silt content and water cement ratios. He will also 

examine the method of dynamic injection to achieve 
better control of grouting. The work is funded partly 
by the Japan Anchor Association. Albert Ng is 
investigating the fundamental behaviour of soil 
fracturing in clayey soils and cement bentonite 
materials. He is performing soil fracturing tests and 
has developed a soil-fluid coupled numerical code 
that simulates soil fracturing. The work is funded by 
EPSRC and the Hong Kong government. 
 
Monitoring and Assessment of Geotechnical 
Infrastructure (Hisham Mohamad, Koson 
Janmonta, Dr Peter Bennett, Dr Assaf Klar 
and Professor Robert Mair) 
Hisham Mohamad and Dr Peter Bennett are 
developing a fibre optics distributed strain 
measurement system to monitor the performance of 
geotechnical infrastructures. Field studies conducted 
in 2005 were: (i) monitoring of an old masonry tunnel 
when a new Thames Link tunnel was constructed at 
Kings Cross; (ii) monitoring of pile performance of a 
new building at Bankside near Tate Modern; (iii) 
monitoring of water main movements at Chingford 
when a tunnel is constructed underneath; and (iv) 
monitoring of horizontal movement of secant pile 
walls at Chelsea. Optical fibres were also installed in 
piles of buildings at Paddington and Farringdon. We 
will examine the effects of tunnelling on these piles 
when the CrossRail Tunnel is constructed between 
the instrumented piles. The work has been supported 
by the Cambridge-MIT Institute, Rail Link 
Engineering, Skanska Cementation, CrossRail, 
Geotechnical Consulting Group, Thames Water and 
Arup Geotechnics. A new EPSRC project is starting 
in April 2006 to extend this work and to develop a 
design tool that optimises the performance of 
foundations that require rehabilitation, repair and 
reuse. Using the same fibre optics technology, Koson 
Janmonta is developing an early warning system for 
slope failures along the M25, London’s ring road. The 
work is supported by Highways Agency.  
 
Soil-pipeline interaction (Piau Cheong) 
Bended pipes are often used in urban areas to change 
pipeline alignment. Piau Cheong performed 3D FE 
analysis to quantify the increase in soil pressure at an 
elbow section when ground movement occurs. A 
new design chart that considers the elbow effects has 
been developed based on the numerical analysis 
results. The work is supported by Tokyo Gas. 
 
Methane Hydrate Extraction (Albert Ng, 
Tricia Lee and Dr Assaf Klar) 
Methane hydrate soils can be found at a few 
hundreds of metres below deep seas’ floor (i.e. 1 to 2 
km depth from the sea level). Of particular scientific 
and engineering interests that have led studies of 
mechanical behaviour of methane hydrate soils are: 
(a) submarine geohazard; (b) future potential energy 
resource; and (c) global climate issues. Dr Assaf Klar 
has developed a multiphase flow numerical code that 
considers ground deformation when methane 
hydrate dissociates and methane gas is produced. 
With this code, Albert Ng is investigating the 



borehole stability of wells used for methane 
extraction and the feasibility of soil fracturing for 
production enhancement. Tricia Lee will be 
developing a constitutive model that simulates the 
deformation behaviour of methane hydrate soils. She 
will investigate mechanisms of various geohazards 
associated with methane hydrate soils. The work is 
supported by the Japanese Methane Hydrate 21 
Consortium, the National Institute of Advanced 
Industrial Science and Technology, and the 
Norwegian Geotechnical Institute. 
 
Heterogeneity Effect on Contaminant Source 
Zone Characterisation (with Panos 
Nikopoulos) 
Soil heterogeneity creates heterogeneous non-
aqueous phase contaminant source zone, which 
contaminates the groundwater. The rate of 
contaminants dissolving into groundwater is governed 
by complex distribution of NAPL as well as local 
groundwater movements around the source zone. 
Panos Nikopolous is developing a three dimensional 
NAPL source zone model that allows more accurate 
evaluation of mass flux coming out from a 
heterogeneous NAPL source. He is also investigating 
the NAPL mass transfer behaviour in dual porosity 
soils using soil column tests and numerical analysis. 
The work is supported by BBSRC and Rothamsted 
Research. 
 
Insitu Remediation Using Jet Grouting 
Technologies (with Henry Ji) 
Henry Ji is investigating the potential use of jet 
grouting technologies to remediate contaminated 
soils. A series of physical modelling of jet grouting in 
sandy soils has been performed for the investigation. 
Fundamental processes occurring during jet grouting 
are examined and the influence zone of jet grouting is 
determined under various operational 
conditions. The work is in collaboration with Kajima 
Technical Research Institute. 
 
Insitu Assessment Technolgies and long term 
assessment of Contaminant Containment 
Systems (with Kaushal Joshi) 
It is essential to understand the long term behaviour 
of materials used for contaminant containment 
systems. However, to date, little is known about the 
evolution of the properties of materials such as 
cement-bentonite due to ageing and chemical 
reactions from contact with the contaminants. 
Kaushal Joshi is conducting both permeability and 
triaxial testing on fresh homogeneous cast samples, 
10 year old uncontaminated homogeneous samples 
cast from the mixer at the time of construction and 
10 year old contaminated heterogeneous samples 
taken from actual cement bentonite walls. The study 
aims to provide insight into the overall evolution of 
the properties of cement-bentonite in an aggressive 
field environment. Based on the work, a guidance 
report to perform insitu testing on contaminant 
containment systems and to assess its long term 
performance is currently being prepared in 

collaboration with the Building Research 
Establishment. The work is supported by EPSRC. 
 
Embodied energy and life cycle assessment of 
geotechnical infrastructure (with Chris Chau) 
The embodied energy of an item is the total energy 
that can be attributed to bringing that item to its 
existing state. It includes the energy consumed in 
extracting raw materials, processing them, 
manufacturing composite items and transporting 
materials between and within these processes. This 
new project supported by EPSRC Case Studentship 
and Arup will examine the embodied energy and 
whole life cycle analysis of geotechnical 
infrastructures. Chris Chau aims to establish how the 
embodied energy/whole life cycle analysis can be used 
to inform the choice of different construction 
methods and the maintenance and renewal regime. 
 
Self-boring processes of self-boring 
pressuremeter (with Lian Liu) 
Minimum disturbance of tested medium during self-
boring is essential for acceptance of this tool in the 
area of compliance testing of critical engineered 
structures. A new instrumented self-boring device 
has been developed in collaboration with Cambridge 
Insitu. Lian Liu will use this device to monitor the 
pore pressure changes during self-boring to better 
understand the underlying drilling mechanisms. The 
extent of material fracturing and drilling fluid 
channelling will be examined at different drilling fluid 
pressures and with different drilling cutters. The 
work is supported by Cambridge Insitu. 
 
Centrifuge modelling of submarine landslides 
(with C S Gue and Prof Malcolm Bolton) 
A new research project to investigate the behaviour 
of submarine landslides has started in collaboration 
with the Norwegian Geotechnical Institute. C S  Gue 
plans to perform a series of mini-drum centrifuge 
tests to investigate the fundamental mechanism of 
submarine landslide initiation and propagation.  

Publications in 2005 

1. Klar, A., Vorster, T.E.B., Soga, K. and Mair, R.J. 
(2005): Soil-pipe-tunnel interaction:Comparison 
between Winkler and elastic continuum solutions, 
Geotechnique, Vol. 55, No. 6, pp. 461-466 

 
2. Ratnam, S., Soga, K. and Whittle, R.W. (2005) : A 

field permeability measurement technique using a 
conventional self-boring pressuremeter, 
Geotechnique, Vol. 55, No. 7, pp. 527-538 

 
3. Soga, K., Au, S.K.A., Jafari, M.R. and Bolton, M.D. 

(2005): Closure; Laboratory investigation of multiple 
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pp. 257-258 

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

(2005): Estimating the effects of tunneling on existing 
pipelines, ASCE Journal of Geotechnical and 



Geoenvironmental Engineering, Vol. 131, No. 11, 
pp. 1399-1410 
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tests, Canadian Geotechnical Journal, Vol. 42, No. 
5, pp. 1391-1407 

 
6. Gourvenec, S., Mair, R.J., Bolton, M.D. and Soga, 

K. (2005) : Ground conditions around an old tunnel in 
London clay, ICE Journal of Geotechnical 
Engineering, Vol. 1, pp. 25-33 

 
7. Kechavarzi, C., Soga, K., and Illangasekare, T.H. 

(2005), Two dimensional laboratory simulations of 
LNAPL infiltration and redistribution in the vadose 
zone, Journal of Contaminant Hydrology, Vol. 76, 
pp. 211-233 

 
8. Yimsiri, S., Soga, K. and Chandler, S.G. (2005) : 

Cantilever-type local deformation transducer for local 
axial strain measurement in triaxial test, ASTM 
Geotechnical Testing Journal, Vol. 28, No. 5, pp. 

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

(2005) : Continuum Solution of Soil-Pipe-Tunnel 
Interaction Including Local Failure, 11th International 
Conference of the International Association of 
Computer Methods and Advances in 
Geomechanics, Tornio, Vo. 2, 687-694 

 
10. Soga, K., Ng. M.Y.A. and Khalid, G. (2005) : Soil 

fracturing in grouting, 11th International 
Conference of the International Association of 
Computer Methods and Advances in 
Geomechanics, Tornio, Vol. 4, pp. 397-408 

 
11. Cheong, M.T. and Soga, K. (2005) : Influence of 

Underground Excavation on Compensation Grouting in 
clays; Small-scale Laboratory Experiments, The Fifth 
International Symposium on Geotechnical Aspects 
of Underground Construction in Soft Ground, pp. 
369-375 

 
12. Wongsaroj, J., Borghi, F.X., Soga, K., Mair, R.J., 

Sugiyama, T., Hagiwara, T. and Bowers, K. (2005) : 
Effect of TBM driving parameters on ground surface 
movements on Channel Tunnel Rail Link Contract 
220, The Fifth International Symposium on 
Geotechnical Aspects of Underground 
Construction in Soft Ground, pp. 335-341 

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

(2005) : Centrifuge Modelling of the Effect of 
Tunnelling on Buried Pipelines: Mechanisms Observed, 
Fifth International Symposium on Geotechnical 
Aspects of Underground Construction in Soft 
Ground, pp. 327-333 

 
14. Soga, K., Sutherland, K.J., Kechavarzi, C. and 

Whittle, R.W. (2005) In-situ Permeability 
Measurement of a Contaminant Containment Wall, 
The Sixteenth International Conference on Soil 

Mechanics and Geotechnical Engineering, Osaka, 
Vol. 4, pp. 2445-2448 

 
15. Klar, A. and Soga, K. (2005) : Coupled deformation-

flow analysis for methane hydrate production by 
depressurized wells, 3rd Biot Conference on 
Poromechanics, Oklahoma, pp. 653-659 

 



 
 
Dave White 
Downing College 
 
Lecturer 
 
Various strands of research reached fruition during 
2005, prompted by opportunities for dissemination at 
major conferences. The conference circuit during the 
summer saw my air miles soar, with two visits to 
Japan and an extended stay at UWA in Perth, 
Australia. 
 
A new framework for understanding the axial 
capacity of displacement piles in sand was published 
at the ISFOG conference in Perth, building on our 
previous work in this area. Aspects of this work have 
been adopted by the design methods in the newly-
updated API1 design code. I was invited to present 
some of the results from our research into jacked 
piles at the quadrennial ICSMGE conference in 
Osaka. 
 
My research student, Andrew Deeks began the 
centrifuge testing phase of his PhD, looking at the 
response of jacked piles. Meanwhile, Helen Dingle (4th 
year undergraduate) and Andrew Jackson (3rd year 
undergraduate) spent their summer vacation testing 
full-scale piles in Japan. A crop of lively 4th year 
project students have started work on mudmats, 
earth road rutting, and teaching aids for the 
demystification of soil mechanics. 
 
I was given the ICE’s Geotechnical Research Award 
with Professor Barry Lehane of UWA, Perth at a 
ceremony in October, for our Géotechnique paper 
on friction fatigue[1]. 
 
Some research outcomes from 2005 are described 
below. 
 
Pile design 
The underlying deformation mechanisms governing 
pile capacity were examined in calibration chamber 
tests, published in 2004[1]. Subsequent work has 

                                                      
1 American Petroleum Institute 

concentrated on deducing appropriate design 
methods that capture the governing behaviour.  
 
For base resistance, a review of field measurements 
provided simple explanations for the observed 
differences between cone penetration test (CPT) tip 
resistance and closed-ended pile base resistance, 
leading to practical design guidance[2].  
 
For shaft resistance, the calibration chamber testing 
provided an explanation for the observed 
phenomenon of ‘friction fatigue’ which was explored 
further through centrifuge[3] and element testing[4], 
with colleagues at the University of Western 
Australia (UWA) (Professor Mark Randolph and 
Professor Barry Lehane) and the University of 
Massachusetts (A/Professor Jason DeJong).  
 
A mechanism of interface contraction leading to a 
loss of radial stress on the pile shaft was proposed to 
explain friction fatigue. The micromechanical 
elements of this behaviour were presented at the 
NSF-EPSRC Workshop on Micro-geomechanics in 
Cambridge during March. 
 
The centrifuge tests highlighted the influence of 
loading cycles on this behaviour, and the element 
tests mimicked this response in more controlled 
conditions. The conclusions from this work have 
been distilled into a general framework for shaft 
resistance on displacement piles in sand, which aims 
to provide a more robust basis for a topic which has 
been previously treated in an empirical manner[5].  
 
Further theoretical analysis in collaboration with 
Professor Barry Lehane and James Schneider at the 
University of Western Australia (UWA) has 
examined the influence of end condition (open or 
closed) on pile shaft resistance [6]. Barry and James 
adopted this framework when analysing their 
database of pile load test results as part of a review 
of the API code. The calibrated method was accepted 
by the API for inclusion in their updated 2006 design 
code. 
 
This work has been supported by the Australian 
Research Council’s Special Research Centre for 
Offshore Foundation Systems, who kindly hosted me 
during July-September 2005. During this period I 
lectured the piled foundations section of UWA’s 
Masters-level course on Offshore Foundation 
Systems. 
 
Related research with Professor Malcolm Bolton and 
Marcelo Silva has examined the effect of penetration 
rate on CPT resistance. The possibility of using 
variable-rate penetration tests to gain additional data 
compared to a standard single-rate test has been 
explored using coupled cavity expansion analysis[7]. 
 
Jacked piles 
During July 2005, Professor Bolton and I visited 
Giken Seisakusho (in Kochi, Japan), to discuss our 
recent research into jacked piles, accompanied by 



Giken-sponsored students, Andrew Deeks, Helen 
Dingle and Andrew Jackson.  
 
Andrew Deeks’ 4th year project work on the 
surprising stiffness of jacked piles was given double 
exposure at the 16th ICSMGE in Osaka during 
September. I presented the work in a panel session, 
accompanied by further recent field tests using 
instrumented piles, and Andrew presented his paper 
in a later presentation session[8]. Our field testing in 
Japan has created a database of high quality 
measurements of jacked pile response[9], which is 
being distilled into design guidance by Andrew and 
Helen. 
 
Giken held the inaugural ‘International Press-in 
Association’ at a one-day seminar in Kochi 
immediately prior to the ICSMGE. Thirty delegates 
attended from Europe and Asia, at which Professor 
Bolton and myself gave keynote lectures describing 
some of the research outcomes from our ten year 
association with Giken. I also presented some of this 
work at the International Symposium on 
Construction Processes in Geotechnical Engineering, 
at City University in London, during May. 
 

 
Figure 1: Helen, Melvin, Dave and Andrew go Gyropiling 
at Giken Seisakusho’s test site in Japan 
 
Seabed pipeline behaviour 
Johnny Cheuk completed his PhD in December 2004, 
and his results are being distilled into design methods 
for on-bottom seabed pipelines. His 1-g tests 
examining scale effects in sand have clarified how 
shear bands develop during uplift of buried 
pipelines[10]. The observed mechanisms highlight the 
difficulty of applying classical plasticity to constrained 
boundary value problems in sand, where normality is 
not observed[11]. An alternative analysis based on 

limiting equilibrium, that more closely matches the 
observed mechanism, has been proposed[12].  
 
Johnny’s experiments with on-bottom pipelines have 
examined the resistance encountered during lateral 
and axial excursions across the seabed caused by 
temperature cycles of a longitudinally-restrained 
pipeline. These tests form part of the joint industry 
project SAFEBUCK. The results have been compared 
with predictions based on plasticity theory and simple 
models for the lateral response have been proposed, 
in order to aid design[13]. 
 
Mudmat foundation behaviour 
The optimal design of a mudmat foundation for a 
seabed structure maximizes the ratio of vertical 
compression to pullout capacity, which can be 
achieved by introducing perforations. Dominic Joray 
conducted a series of tests on the bearing capacity of 
perforated mudmats on soft clay while visiting from 
ETH Zurich. It was found that perforations reduced 
the compressive capacity in proportion to the 
perforated area. In heterogeneous conditions, a 
further change in compressive capacity arose due to 
the shallower failure mechanism. Peak pullout 
resistance was governed by separation beneath the 
mudmat, and depended on the width of the grillage 
elements formed by the perforation. Dominic’s 
conclusions were published at the ISFOG 
conference[14] and Mark Reid (4th year) is continuing 
this work by designing deployable mudmats for easy 
extraction. 
 
Spudcan foundation behaviour 
Research into the behaviour of spudcan foundations, 
used to support the legs of mobile offshore drilling 
units, has continued in collaboration with Professor 
Mark Randolph (UWA) and Dr Yuxia Hu (Curtin 
University, Perth). Image analysis of centrifuge tests 
conducted by PhD student Shazzad Hossain at UWA 
was used to validate FE predictions for the onset of 
‘flow-round’ during deep spudcan penetration. These 
tests identified that the existing design approach 
(which is based on wall collapse rather than flow-
round) significantly over-predicts the depth of open 
cavity above a spudcan. 
 
New design guidance that predicts a shallower cavity 
depth based on this new mechanism has been 
published, and a correspondingly revised method for 
the prediction of penetration resistance has been 
proposed[15,16]. The implications of this advance are 
that greater moment restraint and tensile capacity 
may be provided by jack-up foundations than 
previously predicted. I presented this work to the 
relevant ISO committee (TC67/SC7/WG7/ Panel 4, 
Foundations) on which I sit. Further tests on two-
layer clay have investigated unstable ‘punch-through’ 
failure[17]. 
 



 
 

 
 
Figure 2: Spudcan penetration mechanisms in the 
centrifuge  
 
Image analysis 
The image analysis system developed by myself and 
Dr Andy Take (formerly of CUED and now at 
Queen’s University, Canada) during our PhD 
research has been further disseminated, via 
discussions on the optimal algorithms[18,19], and 
example applications highlighting the miniaturisation 
benefits that this technology brings to centrifuge 
testing: firstly in the 1.2 m diameter drum centrifuge 
in Perth, Australia[20], and secondly in the 0.3 m 
diameter beam centrifuge in Dundee, Scotland[21]. 
 
Our GeoPIV software is now in use at 25 research 
institutes worldwide, and has saved many hundred of 
man-hours being spent placing markers in soil 
models. GeoPIV was successfully used to measure 
construction-induced ground movements in real-time 
with web-based reporting whilst the Channel Tunnel 
Rail Link was being bored under North London[22]. 
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Figure 3: Remote monitoring by GeoPIV of a retaining wall 
whilst the Channel Tunnel Rail Link is bored below. 
 
 
 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
The researchers 
 
Each research worker in the 
Geotechnical and Environmental 
Research Group has prepared a 
short description of their 
activities during 2005. Their 
reports are collated according to 
the following research areas: 
 

• Earthquake engineering 
• Geoenvironmental 

engineering 
• Ground Improvement 
• Waste and Sustainable 

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

 
 
 
 



 
 
 
 
 
 

Research area:  
Earthquake 
engineering 
 
 
 
 
 
 
 
 
 
 

 
 
Andrew Brennan 
Wolfson College 
 
Junior Research Fellow 
 
The bulk of my 2005 work was within the EU’s 
NEMISREF project (grant no. GRD1-40457). I was 
involved with two of the three main areas of work 
within this project: 
 
Reduction of ground shaking loads. Centrifuge tests 
have been performed using micropiles and soft 
inclusions to investigate the feasibility of reducing 
accelerations transmitted to structures during 
earthquakes. Only soft layers achieved a significant 
improvement, reducing the applied accelerations by a 
factor of 2. Work is continuing on simple design 
procedures for such improvement schemes, as their 
performance is obviously frequency-dependent. 
 

Reduction of acceleration amplification at slope 
crests. Slope crests commonly experience much 
larger accelerations during earthquakes than 
surrounding soils, so long buildings may experience 
differential accelerations along their length. 
Centrifuge tests using soft layers and ground anchors 
have been performed to attempt to rectify this. The 
soft layers in this case made the situation worse, as 
shear waves circumnavigated the improvement and 
arrived at the crest with a significant phase lag!  
Other partners in the project are working on 
numerical modelling, physical modelling, laboratory 
testing and field monitoring of these techniques in 
order to provide a comprehensive evaluation.  
 
I have also done a lot of work developing techniques 
for the manipulation of centrifuge data. With careful 
consideration and correct data handling, standard 
instrument readings can be converted into soil 
parameters for characterisation and modelling 
purposes. Using self-written software, shear modulus 
and damping degradation curves were created for the 
most commonly used laboratory soils, based on 
archive centrifuge data. For the majority of materials, 
these corresponded closely with published laboratory 
test data. 
 
Similarly, coefficient of consolidation cv can be 
derived using standard PPT measurements. This has 
been plotted as a function of excess pore pressure 
ratio ru during reconsolidation from a liquefied state. 
Significant changes in the parameter were measured 
for the first time, reflecting changes in both 
compressibility mv and permeability k as functions of 
excess pore pressures. 
 
In May 2005 I took up a lectureship with the 
geotechnical research group at the University of 
Dundee, UK, but look forward to continued 
collaboration with the Cambridge group. 
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Ulas Cilingir 
Downing College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 1st 
PhD Topic: Tunnels in Earthquake 
 
I completed my BS degree in Civil Engineering in 
2003 and received another BS degree in Geological 
Engineering and a MS degree in Civil Engineering in 
2005 at the Middle East Technical University in 
Turkey. My Masters thesis subject was about the 
effects of wall stiffness and surcharge on lateral 
dynamic earth pressures on retaining walls which are 
subjected to earthquake motions. I conducted a 
variety of large scale shaking table tests using 
different wall stiffness and surcharge values.  I then 
applied to University of Cambridge to pursue 
research on dynamic behaviour of tunnels subjected 
to earthquake, leading to a PhD degree. 
 
My research aims to clarify the behaviour of 
underground structures under strong earthquake 
perturbations. The research has two major branches. 
Firstly, tunnel behaviour is investigated where the site 
of the tunnel may be susceptible to cyclic softening or 
liquefaction. Secondly, the soil-structure interaction 
between the tunnel and the ground is investigated 
where the main focus is driven onto the change of 
the stress conditions around the tunnel. 
 
In order to achieve the proposed research objectives 
several experiments are going to be conducted. The 
behaviour of the tunnel during the earthquake will be 
recorded using a high speed digital camera under high 
ground acceleration levels. Additional shaking table 
tests and numerical analyses are planned to be 
conducted as well. 
 
Considering different ground conditions which may 
be present at the site of construction, the complexity 
of the subject can be appreciated. My research deals 

only with the behaviour of tunnels built in soft 
ground and emphasis is mainly given to the 
liquefaction related changes in stress conditions near 
the tunnel. 
 
My research is composed of two parts. As the first 
part deals with the liquefaction related floating and/or 
subsidence of tunnels emphasis will be given to the 
displacement of a tunnel section which is built in a 
liquefiable ground. Different tunnel sections with 
different dimensions and varying depth to diameter 
ratios will be tested using centrifuge and shaking table 
facilities. The tunnel displacement will be recorded 
using a high speed camera and then PIV (Particle 
Image Velocimetry) analyses will be carried out. 
 
The second part of my research is composed of 
experiments on dry sand where the change of stress 
conditions around the tunnel and the deflection of 
the tunnel section due to the earthquake 
perturbations will be investigated more in detail. I 
intend to conduct numerical analyses using finite 
element modelling as well. 
 
My research is supported by Yuksel Proje 
Uluslararasi A.S. an engineering consulting company. 
Their support is greatly appreciated. 
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Paulo Coelho and Marwa Al-Ansary receive the SSJC 
(student staff joint committee of CUED) best 
demonstrator award for 2004-2005 as nominated by 
undergraduates 



 
 
Paulo Lopes de Coelho 
Churchill College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 4th 
PhD Topic: Densification as a Liquefaction 

Resistance Measure for Bridge Foundations 
 
I started my PhD at Cambridge University 
Engineering Department in April 2002, after working 
at the University of Coimbra, Portugal, as a teaching 
assistant. I joined a research project funded by the 
Engineering and Physical Sciences Research Council 
(EPSRC) and Mott MacDonald, UK, aiming to clarify 
and improve the use of densification as a liquefaction 
resistance measure for bridge shallow foundations in 
seismic regions. 
 
The research combines physical modelling, element 
testing and numerical modelling to achieve the 
proposed objective. Centrifuge modelling is intended 
to define the mechanisms relevant to failure of 
shallow foundations induced by earthquake-induced 
liquefaction, as well as clarifying the importance of 
the geometry of densification and the use of 
combined techniques that may improve the overall 
performance of this soil improvement technique. 
Element testing characterizes the basic mechanical 
behaviour of the liquefiable sand, both in static and 
cyclic conditions. Advanced numerical modelling, 
properly calibrated with the element tests and the 
physical modelling performed, provides the right tool 
for extending the conclusions derived from the 
experimental work and allow practitioners to carry 
out proper performance-based analysis in liquefaction 
design. 
 
The 14 dynamic centrifuge tests performed as part of 
the project investigated the following different 
problems: 
 
a) the behaviour of saturated deposits of loose and 

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

 

b) the dynamic behaviour of bridges built on shallow 
foundations on saturated deposits of loose sand; 

 
c) the effects of densifying the ground under a 

shallow foundation on the dynamic soil-structure 
system behaviour, considering densified blocks of 
varying geometry; 

 
d) the use of new techniques to improve the 

performance of shallow foundations built on 
liquefiable ground. 

 
The tests provided relevant information in terms of 
excess pore pressure generation and propagation of 
accelerations in the deposit and also settlements of 
the ground surface for all the different conditions 
considered. In the cases where a bridge was used, its 
accelerations and settlements during and after the 
shaking were also recorded. The comparison of the 
results observed in each model suggests that the 
migration of excess-pore-pressure, especially in the 
horizontal direction, is much more important than 
previously thought. It is also observed that large 
densified blocks have detrimental effects on the 
structure performance. The experimental work 
indicates that the combination of narrow densified 
zones with other soil improvement techniques to 
minimize the effects of liquefaction may optimize 
performance of the soil-structure system during the 
earthquake. 
 
16 triaxial tests were performed on saturated 
Leighton Buzzard Fraction-E silica sand of different 
relative densities, in order to establish the behaviour 
of the sand under fully undrained conditions. These 
tests provided relevant information regarding the 
behaviour of the sand under monotonic and cyclic 
loading, including the influence of the confining stress 
on the stress-stain relations and the excess-pore-
pressure generation. The results were also used to 
determine the soil parameters required by advanced 
soil models used in the numerical modelling and to 
clarify unique features of soil behaviour observed in 
the centrifuge models. 
 
Preliminary numerical simulations using Swandyne FE 
code and Pastor-Zienckiewicz’s PZ-III soil model have 
clarified some of the limitations of the numerical 
modelling. Some improvements have been introduced 
to the numerical tools in order to optimize their 
performance and to permit more complex analysis of 
the centrifuge models. The main findings derived 
from the centrifuge modelling may then be 
extrapolated for a wider range of geometries of the 
zone of ground improvement. 
 
As a result of the research project, understanding of 
the use of densification as a liquefaction resistance 
measure for shallow foundations will be enhanced 
and general design guidelines and new techniques to 
improve the performance of structures will be 
proposed. 
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Figure 1: Model in the centrifuge beam ready for testing. 
 

 
Figure 2: Triaxial sample of sand 

 
 

 
 
Assaf Klar 
 
Technion-Churchill College Post-Doctoral 
Exchange Researcher 
 
Immediately after receiving my PhD from the 
Technion – Israel Institute of Technology - I joined 
Cambridge Geotechnical Research Group, supported 
by the British Technion Society. I was initially 
affiliated to the NEMISREF project, working on 
numerical simulation of possible mitigation schemes. 
However, I soon started expanding to other fields: 
  
Tunnelling Effects on Existing Pipelines 
By using the boundary integral method to solve this 
problem I was able to contribute to the interesting 
experimental research that has been carried out by 
Eduard Vorster. This collaboration with Eduard, Dr 
Soga and Professor Mair led to several publications 
which treat the problem on several different levels, 
looking at the driving mechanisms of the problem and 
recognizing the importance of quantifying each of 
them. 
 
Methane Hydrate  
In September 2004 I started working with Dr Soga on 
a new project involving the behaviour of Methane 
Hydrate.  



 
Gas hydrate is an ice-like solid material composed of 
gas molecules and water molecules. The water 
molecules form a structure in which a floating 
molecule of gas is caged. One of the places where 
methane hydrates can be found is a few hundreds of 
metres below deep seas’ floor (i.e. 1 to 2 km depth 
from the sea level). At such locations, the condition 
of high pressures and low temperature exists in 
order to form methane hydrates.  
 
It is estimated that the methane hydrates 
accumulated in the subsurface hold more than 10 
trillion tons of carbon, which is twice as much as the 
world’s coal, oil and conventional gas reserves 
combined. It is therefore no wonder why the 
extraction of the methane gas is an interesting 
research subject.  
 
By assuming that the hydrate cannot flow, but only 
dissociate into water and gas, we were able to 
construct a two phase flow formulation which takes 
into account the soil deformation. Using the 
governing equation we solve 3 boundary value 
problems in parallel – one for soil deformation, and 
two for water and gas flow. We also examed the 
stability of gas hydrate wells.  
 
The research is conducted in collaboration with AIST 
(Japan National Institute of Advanced Industrial 
Science and Technology) and in close association with 
Mitsubishi Heavy Industry (MHI). In December 2004, 
I attended AIST meetings in Japan, and Visited MHI 
helping M.Y.A Ng testing a new permeability 
apparatus.   
 
BOTDR – Distributed Strain Measurements  
This research is led by Dr Peter Bennett. Some of the 
light travelling down an optical fibre is scattered back 
towards the direction of the source. In the case of 
Brillouin scattering, the frequency of the 
backscattered light is shifted by an amount that is 
proportional to the strain at the scattering location. 
By analyzing the backscattered light in the frequency 
and time domains, the strain profile can be measured 
along the full length of a suitable optical fibre (up to 
20 km).  
 
Strains derived by Brillouin Optical Time Domain 
Reflectometry (BOTDR) are not as accurate as other 
methods such as vibrating wires or Bragg grating (also 
fibre optic technology). However, the more accurate 
methods supply only a discrete value, while the 
BOTDR supplies a distribution, giving a value for 
every 5cm. Understanding and monitoring of 
continuum systems can be achieved more accurately 
by strain distribution than by local measurements. A 
good example is the horizontally loaded pile, in which 
the interaction with the soil can be obtained by 
double differentiation and integration of the strain 
profile. Throughout the last year, the team led by Dr 
Bennett installed and monitored the optical fibres in 
numerous projects, of which I was heavily involved in 
the Paddington and Farringdon projects. The goal of 

the instrumentation for these two projects is to 
obtain detailed information about soil-pile-structure 
interaction which will result from the future 
construction of Crossrail.  
 
 

 
 
Jonathan Knappett 
Magdalene College 
 
Supervisor: Dr Gopal Madabhushi 
Year: 3rd 
PhD Topic: Liquefaction-induced buckling of pile 

groups 
 
I am now in the final year of my PhD research, 
investigating the effect of axial load on the failure of 
pile groups in liquefied and laterally spreading soils.  
This research is funded by the EPSRC. Work on 
instability and collapse of pile groups during soil 
liquefaction was undertaken during my first year, 
extending previous work in this area.  However, in 
extending this work to more general foundations 
which bear in dense sand as opposed to rock, it is 
necessary to determine whether the piles in a 
foundation are able to carry sufficient axial load 
during the earthquake to cause an unstable collapse, 
or whether the pile may fail before this point due to 
excessive settlement.  Centrifuge testing has recently 
been completed on such pile groups with 
instrumented piles, allowing loads in the pile and the 
distribution between base, shaft and cap capacities to 
be determined.  This has revealed significant 
differences in the load transfer behaviour when the 
pile cap is taken into consideration. 
 
A final series of centrifuge tests has also been 
completed with the aim of considering instability and 
settlement effects in more realistic foundation 
situations where lateral spreading may also be 
occurring.  Model ‘steel’ and ‘reinforced-concrete 
(RC)’ piles have been developed which scale stiffness, 
geometry and strength simultaneously, enabling 
conclusions to be drawn regarding the amounts of 
both instability effects and settlement that are likely 
to occur for the different types of pile in the field 
under typical working loads.  The effect of the 
amount of axial load carried on the lateral response 



of the foundation in such soil profiles has also been 
investigated.   

 

 
Figure 1: Instability collapse observed in the centrifuge 

 

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

 

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

spreading soil 
 
I am now concentrating on modelling all of these 
effects using the p-y and t-z methods in the FE 
program ABAQUS, which is able to account for 
instability effects and large-deflections of the pile 
group.  The work on instability is already largely 
finished.  
 
Outside of my research I continue to supervise 
mathematical methods for both Part IA and IB 
students at Magdalene College, and demonstrate in 
the Part IB seepage laboratory and on the Part IIA 
Civil Engineering and Surveying fieldwork projects.  
 
Publications in 2005: 
 
1. Knappett, J.A. and Madabhushi, S.P.G. (2005).  

Modelling of liquefaction-induced instability in pile 
groups.  Geotechnical Special Publication No. 145, 
ASCE.   

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

Modelling the effect of axial load on the behaviour of 
pile groups in laterally-spreading soil.  Int. Conf. on 
Physical Modelling in Geotechnics, ICPMG 2006, 
Hong Kong (under review). 

 

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

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



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

 
Figure 1: Instrumented model loaded onto centrifuge and 
ready to test 
 
 

 

I Thusyanthan 

 
Research Fellow (Churchill College) 
 
2005 was a very memorable and productive year as I 
successfully completed my PhD on 16 November. 
Earlier in the year I was elected to a Junior Research 
Fellowship at Churchill College. I am presently 
consolidating my PhD work into journal papers and 
working on few other research areas. A summary of 
my PhD work and other research areas are given 
below.  
 
Behaviour of landfill systems under monotonic 
and earthquake loading 
My PhD research investigated the behaviour of landfill 
systems under monotonic and earthquake loading. 
Main areas of research were: 
 

1. Development of model municipal solid waste 
(MSW) and its static and dynamic 
characterisation; 

 
 2. Tensile behaviour of geomembrane on landfill 

slopes under static and earthquake loading;  
 
3. The integrity of landfills founded on liquefiable 

foundations under earthquake loading; 
 
4. Strength and strain criteria for crack initiation in 

clay. The research produced techniques for 
centrifuge modelling and testing of MSW landfills 
and provided valuable information for design of 
new landfills or risk assessment of old landfills in 
seismic regions.  

 
The criteria for crack initiation in clay were 
investigated by performing 4-point bending tests on 
consolidated clay beams. The results provided strain 
and strength criteria for crack initiation in clay. The 
stress states of the extreme fibre in tension of all the 
beams at initiation of a crack showed that cracks 
initiated when the effective stress state reaches either 
the tension cut-off line for low mean effective 
stresses or the ‘apparent failure line’ for higher mean 
effective stresses corresponding to Hvorslev’s 
normalisation of the Mohr-Coulomb failure envelope. 
Future work is being planned to understand the 
tensile strength in clay. 
 
Effect of ground borne vibrations on 
underground pipelines 
Vibrations produced on the ground surface by 
engineering construction processes can damage 
underground structures such as pipes and tunnels. 
The material or the lining of underground structure 
plays an important role in determining the amount of 
vibrations transferred into the structure. My MEng 
project investigated the transfer of ground vibration, 
measured as peak particle velocity (ppv), from soil to 
model pipes made of brass and plastic. Based on 
experimental results, a relationship was proposed 
between the impedance mismatch (between soil and 
pipe material) and the square of ppv ratio. This year, 
Daniel Chin’s MEng work extended this research to 
concrete model pipes. The research presented 
experimental investigation on small scale model pipes 
buried in dry sand and instrumented with an array of 
miniature accelerometers. Experiments were 
conducted in a geotechnical centrifuge up to 4g under 
impulse and harmonic surface loadings. Proposed 
relationship between the ratio of energy transferred 
and the impedance mismatch ratio was confirmed 
with the results from tests with model concrete pipe.  
 
Tsunami safe(r) house design 
This research was aimed at testing a house design 
that researchers from Massachusetts Institute of 
Technology (MIT), Harvard University Architecture 
Department and the engineering design company 
Buro Happold have designed with the aim that it will 
have a good chance of withstanding a tsunami wave. 
A scale model of the designed house was built using 



wood strips and it was tested in the Tsunami wave 
tank. A scale model of a typical coastal Sri Lankan 
house was also tested in the wave tank to show the 
tsunami wave-induced damage to such houses. The 
tsunami wave was created by dropping a heavy 
weight (~100 kg) into the water at the deepest end 
of the tank. The sudden displacement of water in the 
deep end of the tank creates the wave and the wave 
propagates to the shore where the model house has 
been placed. 
 
Publications in 2005: 
 
1. Thusyanthan, N.I., Madabhushi, S.P.G and Singh, S. 

(2004), Centrifuge modelling of municipal solid waste 
landfills under earthquake loading, ICGGE – 2004, 
Proceedings of International Conference on 
Geosynthetics and Geoenvironmental Engineering, 
Indian Institute of Technology Bombay, India.  

 
2. Thusyanthan, N. I., Madabhushi, S. P. G., Take, W. 

A., and Bolton, M.D. (2005), Crack initiation in clay 

observed in beam bending, Submitted to 
Géotechnique.  

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

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

 
4. Brennan, A. J., Thusyanthan, N. I. and Madabhushi, 

S. P. G. (2005), Evaluation of Shear Modulus and 
Damping in Dynamic Centrifuge data, Journal of 
Geotechnical and Geoenvironmental Engineering, 
ASCE, Vol. 131, No. 12, pp. 1488-1497. 

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

S.P.G. (2006), Effect of ground borne vibrations on 
underground pipelines, accepted for publication on 
International Conference on Physical Modelling in 
Geotechnics 2006, Hong Kong. 

 
 
 
 
 
 
 
 
 

 
 
Figure 1: Tsunami wave approaching the house                             Figure 2: Tsunami wave passing through the house 
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May Chan 
Downing College 
 
Supervisor: Dr Rod Lynch 
Year  5th 
PhD Topic: Photocatalytic remediation of 

organics in groundwater 
 
My research on photocatalytic remediation involves 
chemical degradation of organic pollutants in 
groundwater. My 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. 
 

 

 
 
Chris Chau 
St Edmunds 
 
Supervisor:  Dr Kenichi Soga 
Year:   1st 
PhD Topic: Embodied energy calculations for civil 

engineering infrastructures  
 
Chris completed his MEng in Civil and Environmental 
Engineering from Imperial College, London in June 
2005. Then he began his PhD at Cambridge 
University in October. 
 
The embodied energy of an item is by definition the 
total energy that is attributed to bringing that item to 
its existing state. It includes the energy consumed in 
extracting raw materials, processing them, 
manufacturing composite items and transporting 
materials between and within these processes. It also 
comprises appropriate proportions of the energy 
consumed in manufacturing of the machinery involved 
in these processes together with the construction, 
maintenance and the final disposal energy of the 
product.  



 
Embodied energy is a tool for life cycle analysis 
(LCA). Theoretically, it can be used as an indicator 
for estimating the magnitude of carbon dioxide 
emission and the life cycle cost for a particular 
project. It is hoped that this methodology could be 
developed and be implemented at the design stage.    
 
The first year of Chris’ research comprises of three 
case studies: one on the comparison between several 
retaining walls systems under the same performance; 
one to compare the embodied energy of the pile-slab 
system adapted for CTRL as opposed to a 
conventional embankment system; and the final one 
investigates the Life Cycle Costing (LCC) of 
earthquake effects on various civil engineering 
infrastructures.  
 
 

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

chemical and microbial processes in contaminated 
soil 

 
Within the environmental science community, there 
is raised awareness of impending climatic changes 
that have been widely accepted to be invariably 
coupled to rising levels of anthropogenically 
generated greenhouse gases. In addition to the 
uncertain implications of these changes on the 
environment is the problem of environmental 
pollution due to unguided management of 
anthropogenically generated environmental 
contaminants.  
 
However, the fate and effect of soil contaminants as 
well as the functionality of different remediation 
techniques are widely accepted to be determined, to 
a large extent, by the prevailing environmental 
conditions and soil geochemical conditions at a given 
contaminated site. This relationship brings into 

question uncertainties surrounding the behaviour of 
these contaminants and remediation techniques with 
regards to alterations in environmental and soil 
geochemical conditions that may be brought about by 
imminent climatic changes. My research work aims at 
investigating the implications of climate change on 
contaminated land and present day remediation 
techniques in order to provide adaptive sustainable 
responses.  
 
The scope of the research involves a laboratory scale 
simulation of projected climatic changes over a 
period of two years with the aim of investigating 
different biological and chemical processes in 
contaminated soil due to these changes. 
Investigations will focus on different petroleum 
hydrocarbon and heavy metal contaminated soils in 
the UK. Climatic conditions being simulated are 
extreme conditions as predicted by the UK Climate 
Impacts Programme (UKCIP) studies. 
 
An extensive literature review has already been 
carried out on different aspects of soil contamination 
and climate linkages.  
 
At the moment, contaminant mobility, speciation, 
degradation, soil geochemical parameters (pH, cation 
exchange capacity, redox potential), soil biological 
properties (soil microbial enzyme, microbial 
population dynamics) of nine different soils are being 
monitored. These soils differ in contaminant, 
chemical, physical and biological properties. 
 
Observed changes in these processes will be 
modelled and correlated. These will enable 
suggestions on adaptive sustainable responses to soil 
contamination. 
 



 
 
Michael Harbottle 
 
Research Associate 
 
Research: Robust sustainable technical 

solutions to contaminated brownfield sites 
 
The aims of my project are to assess the technical 
and environmental sustainability of remediation 
technologies, and then to investigate practical ways of 
reducing the impact from their implementation. A 
number of remediation technologies have been 
studied for the first part of the work, including 
stabilisation/solidification, ex-situ bioremediation and 
soil washing. Case studies of real projects have been 
used to develop a picture of how contamination, and 
the site works undertaken to remediate it, will 
impact on human and other receptors both during 
remediation and in the future. A multi-criteria 
analysis gives an overall picture of the impacts and 
allows direct overall comparison between case 
studies, whereas a detailed impact assessment picks 
out individual areas of concern that can be addressed. 
The results enable the identification of areas of 
particularly high impact that can then be addressed.  
 
Laboratory work has investigated potential 
improvements to currently used remediation 
technologies in order to enhance their performance 
in the long term and reduce their overall impact. In 
particular, the possibility of encouraging the 
biodegradation of organic contaminants within a 
stabilised/solidified mass is currently being studied. A 
successful outcome would allow rapid site 
redevelopment due to the encapsulation of 
contaminants, but would also reduce the long-term 
impact from the technology by reducing contaminant 
levels over time. Portland cement and low pH 
cements are being combined with additives under 
controlled conditions to study the behaviour of 
micro-organisms within and on cement-stabilised 
soils in an effort to identify the conditions required 
for maintained growth and eventual degradation.  
 
 

 
 
Srinath R. Iyengar 
Hughes Hall 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year:   2nd 
PhD Topic: Innovative Cement Binders in 

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

organic contaminants; 
• High alkalinity associated with the use of Portland 

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

• The environmental problems associated with the 
manufacturing of PC in terms of the production 
of carbon dioxide as well as the energy 
intensiveness.  

 
I started my PhD in October 2004 and my study 
forms part of two work packages within the 
interdisciplinary consortium SUBR:IM 
(www.subrim.org.uk). The objectives of my research 
include: 
 
1. Modifying the S/S process to encourage 

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



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

 
3. Examining the incorporation of industrial by-

products and waste within the developed low-pH 
cement as a means to improve its sustainability.  

 
The first part of my investigations involved the initial 
material characterisation and cement formulations 
using different phosphate sources. The suitable mixes 
were short-listed primarily based on their pH 
development along with the other intrinsic physical, 
mechanical and microstructural properties.  
 
Laboratory work is now in progress to identify 
potential wastes and industrial by-products which 
could serve as low-cost phosphate replacements for 
the low-pH cements. 
 
My next aim will be to assess the S/S-related 
performance of the aforementioned cements in 
addressing various contaminant scenarios. This will 
involve mixing of the cements with model soils spiked 
with different contaminants (organics as well as heavy 
metals).  The metal immobilisation capacity along 
with the relevant biodegradation parameters for the 
organics of the S/S treated soils will be evaluated. 
 

 
Figure 1: Microbial growth observed on some of the low-
pH phosphate-based cement samples 
 
Publications in 2005: 
 
1. Iyengar, S.R. and Bhave, P.P. (2005). In-vessel 

composting of household wastes. Waste Management 
(in press). 

 
 
 

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

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



 
 
Kaushal Joshi 
St Edmunds College 
 
Supervisor: Dr Kenichi Soga 
Year:  2nd 
PhD Topic: Innovative materials in containment 

barrier systems  
 
Cement-bentonite cut-off walls to contain 
contaminated land is in research and practice since 
last two decades in the UK. These walls are built in-
situ in order to prevent the lateral propagation of 
contaminants flowing with groundwater. Though the 
specification, composition and construction technique 
have been developed, there are still uncertainties 
about the long-term performance of these walls. This 
research is focused on the permeability, contaminant 
transport and strength – deformation characteristics 
of the wall material with respect to time under 
aggressive field conditions. The outcome of the 
research will be useful to design cement-bentonite 
containment systems with a better understanding of 
the material’s behaviour.   
 
A new laboratory set-up has been established to 
conduct permeability tests on ten year old cement-
bentonite samples taken from different depths and 
locations of a cut-off wall. Some of these samples 
were exposed to the contaminants present in the 
ground, while others were cast in moulds during 
construction using slurry from a trench or fresh 
slurry directly from the mixer. Recently some fresh 
samples have been prepared in the laboratory to 
compare the effect of time. The relative performance 
of these samples will highlight the influence of various 
parameters including aging, contaminant exposure, 
mixing of surrounding contaminated soil during 
construction, variation with depth of wall, ground 
water fluctuation and weathering action.  
 
 

 
 
Sook Ling Lee (Tricia) 
New Hall 
 
Supervisors: Dr Kenichi Soga  
Year: 1st 
PhD Topic: Numerical modelling of methane 

hydrate problems 
 
After graduating from Universiti Teknologi Malaysia 
in 2003, I worked for Gue and Partners Sdn. Bhd, a 
geotechnical consulting firm in Malaysia for half a year 
before I pursued my MSc at Imperial College London. 
Later, I joined the Norwegian Geotechnical Institute, 
NGI, as a guest researcher. My PhD study at 
Cambridge University was started when I received a 
scholarship from NGI/ICG in January 2006. Other 
fundings that make my studies possible include the 
National Institute of Advanced Industrial Science and 
Technology (AIST) Japan and the Cambridge 
Commonwealth Trust.  
 
My PhD topic is related to problems induced by 
methane hydrate which is commonly encountered in 
permafrost and deep offshore environments. Hydrate 
is like a solid crystalline ice composed of natural gas 
(methane) with water molecules under compact 
form. This compact form of hydrate is the answer as 
to why methane hydrate emerged as a potential 
energy resource for the future. In parallel, the 
presence of methane hydrate does have adverse 
effects. It is speculated that phenomenon like buckling 
of well casing, damage of offshore structures and 
submarine landslides are caused by methane hydrate. 
 
A numerical code has been developed at the 
University of Cambridge. My tasks are to develop a 
constitutive model for natural methane hydrate to 
improve the capability of this code and to understand 
the fundamental mechanism of hydrate related 
geohazards.  
 
 



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

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

its long term risk after remediation 
 
Organic pollutants belong to a broad category of 
Non-Aqueous Phase Liquids (NAPLs) and are often 
trapped in rocks of very complex structure. This 
heterogeneity of the natural subsurface systems leads 
to a complex entrapment and flow behaviour of the 
NAPLs.  
 
Due to preferential channelling and geological 
heterogeneities there are several scenarios of 
distribution of NAPLs after a spill. The entrapped 
NAPLs occupy either regions of low saturations 
(micro pores, ganglia, blobs) or regions of high 
saturations (pools of contaminant in zones of 
geological discontinuity or macro-scale properties). 
The challenge of this interesting problem is that in 
natural subsurface systems the NAPLs may dissolve 
into the ground water and be transported creating a 
downstream contaminant plume.  
 
This process of contamination is not thoroughly 
understood and the proposed research will help 
understand, quantify, and model the problem of mass 
transfer and NAPL contaminant transportation from 
complex source zones through soil.  
 
I started my research in January 2005 and the 
following areas of interest summarise my work: 
 
1. 2-dimensional multiphase flow modelling of 

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

 
2. 3-dimensional modelling of contaminant 

dissolution from a DNAPL zone in ground water. 
Governing parameters are investigated and the 
role of discontinuities and heterogeneities is 
identified so as to provide adequate 

methodologies for the assessment of the long 
term risk (Figure 1). 

 
 

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

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

 
Publications in 2005:  
 
1. 1.P. Nikolopoulos. NAPL Pollutant in Natural Soils 

and its Long Term Risk after Remediation, First year 
report, Engineering Department, Cambridge 
University, 2005.  

 
 
 
 



 
 
Ramesh Perera 
Trinity Hall 
 
Supervisor: Dr Abir Al-Tabbaa 
Year: 5th 
PhD Topic: The role of accelerated carbonation 

in the ageing of cement-based stabilised/solidified 
contaminated materials. 

 
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, there is a need for the 
formulation of accelerated ageing techniques for 
predicting the long-term behaviour of cement-based 
S/S treated materials. One such approach is to 
accelerate the rate of reactions of such cementitious 
materials. Elevated temperature and carbon dioxide 
(CO2) can be used to accelerate the hydration and 

carbonation process and were adopted in this 
research.  
 
The objective of the research was mainly focussed on 
the investigation of effects from accelerated 
carbonation on cement-based grout and soil-grout 
mixes and to understand the impact carbonation 
would have on the real-time long-term performance 
of cement-based S/S treated materials. Several 
cement-based grout and soil-grout mixes were 
developed based on the contaminated soil at the 
MoD site in West Drayton near Heathrow Airport, 
UK and the grouts used to treat it. The mixes were 
subjected to various accelerated curing conditions 
underwent exposure to elevated levels of CO2 alone 
or in combination with elevated temperature at 
different relative humidity (RH) levels. The naturally-
cured (control) and accelerated-cured mixes were 
then tested to investigate their physicochemical 
properties at different curing periods.  
 
Based on the outcome of the investigation, it was 
concluded that although carbonation has the 
potential to improve the performance of cement-
based S/S materials in the early part of their service 
life (i.e. when the degree of carbonation is low) that 
prolonged exposure (i.e. when the degree of 
carbonation is high) could lead to the lowering of 
their metal retention capacity in the long-term. It is 
also concluded that the in-service curing conditions, 
such as relative humidity, could have an influence on 
the latter situation.  
 
 

 
 
Sinéad Smith 
Clare College 
 
Supervisor:  Abir Al-Tabbaa 
Year:  3rd 
PhD Topic: Impacts of Climate Change on 

Pollutant Linkages 
 
I am now in the 3rd year of my PhD research, which 
is part of the SUBR:IM consortium. In the past year I 



have undertaken experimental work on real-time 
behaviour under specific climate change scenarios, 
representing the years 2050 and 2080. A range of 
contaminated soils and containment systems are 
being investigated to determine the change in physical 
and chemical parameters including strength, 
permeability, leachate pH and leachability of heavy 
metals. Microstructural analysis (SEM/EDAX, XRD) is 
also used to investigate behaviour. The soil systems 
include stabilised/solidified systems (uncontaminated 
and contaminated made ground), cover systems 
(compacted clay and sand-bentonite) and 
contaminated soil. Small scale tests are also being 
done in parallel to examine specific effects. 
 
In the next few months I will be testing accelerated 
aged S/S soils, and will be using laboratory results in 
computer simulations of pollutant linkages. 
 
Publication in 2005: 
 
1. Harbottle, M., Smith, S., Al-Tabbaa, A. and Guthrie, 

P. Technical Sustainability of Brownfield Land 
Remediation. Proceedings of the SUBR:IM 
Conference: Regeneration and Remediation of 
Contaminated Land, London. 

 

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

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

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

the sustainable remediation of Brownfield sites 
 
The topic of the research is to develop a remediation 
technology for brownfield sites with the end goal that 
these sites can be transformed into greenspace like 
parks or sport fields.  The technology is supposed to 
immobilise heavy metals in the soil by the use of low 
cost soil amendments like composts and natural 
minerals. Through this immobilisation the 
contaminant receptor linkage pathway will be broken 
and the toxicity of the soil will be reduced.  
 
Compost is often proposed as a cheap and suitable 
material for the remediation of contaminated 
brownfield sites, vitalising the soil but also for its 
reported immobilisation of heavy metals. The 
purpose is to increase the immobilisation capacity of 
the compost by combining it with zeolite. In this way 
the technology should become more sustainable. 
 
Over the last year leaching experiments and nursery 
trials have been performed on soil from the former 
zinc factory Britannia Zinc which was heavily polluted 
with mainly cadmium, copper, lead and zinc. One of 
the main outcomes from the leaching tests was that 
not every compost immobilises heavy metals, some 
composts actually increase leaching of metals, which 
could increase the risk for receptors on the site. 
However, additional nursery trials showed that the 
increased leaching does not always involve increased 
uptake by grasses indicating the complexity of the 
metal-plant-soil system.  
 
Whether the amendment of the composts with 
minerals has improved the sustainability of the metal 
immobilisation has not been resolved in the first 
experiments. New experiments with higher levels of 



minerals are in progress and include leaching tests as 
well as nursery trial.  
 
Publications in 2005 
 
1. van Herwijnen, R. and Sellers, G. Which material is 

best for improving contaminated soils?. SUBR:IM-
newsletter, issue 2 Autumn 2005. 

 
2. Gadepalle, V. P., van Herwijnen, R., Hutchings, T., 

and Ouki, S. K. Immobilisation of heavy metals in soil 
using natural and waste materials: goal of urban 
greening. Submitted to “Soil and Sediment 
Contamination”. 

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

Moffat, A. J., Ouki, S.K. and Johns, M. L. Evaluation 
of the use of column and batch leaching tests to 
determine the effects of soil amendments in a heavy 
metal contaminated soil. Submitted to “Water, Air 
and Soil Pollution”. 

 

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

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

soil mixing method in organic soils 
 
Geotechnical engineers commonly need to deal with 
highly compressible organic soils such as peat and 
organic clays. Although it was in the last three and a 
half decades that the use of the Deep Mixing Method 
became important in the stabilisation of these types 
of materials, it has been shown to be a reliable 
construction method compared with other solutions 
such as excavation and replacement, preloading and 
the use of geosynthetic reinforcement. However, 
peat and organic soils are more difficult to stabilise 
than inorganic soils due to lower solids content, 
higher water content, lower pH and chemical 
interference in the strengthening reactions, hence, 

the study of the performance of stabilised organic 
soils require special attention. 
 
The outcomes obtained in this research provide 
practitioners valuable information regarding what 
type of binders and what environmental conditions 
are suitable to achieve a better and reliable chemical 
stabilisation on organic soils. This is achieved by 
conducting a series of unconfined compression tests 
in wet-soil mixed specimens which were prepared 
both mechanically and auger-mixed. Scanning 
Electron Microscopy (SEM) and X-ray powder 
diffraction analysis helped to get a better 
understanding of the hydration processes carried out 
by the cementitious materials once mixed with the 
unstabilised soils. Variables that were studied 
included:  variation of the natural water content of 
the unstabilised material; water:grout ratio; quantity 
of binder and different type of binders. Results in 
terms of strength showed that the stabilisation of 
organics soil can be effectively achieved using the wet 
soil mixing method by choosing the right type and 
quantity of binder. Cement alone and a mix of 
cement with blast furnace slag showed to be suitable 
binders for this type of materials. Likewise, it showed 
that the strength values obtained from mechanically-
mixed specimens were twice as large as those 
evaluated using the laboratory-scale auger columns. 
Hence, it was validated that mixing process used to 
produce auger-columns in the laboratory can be 
easily correlated with that used to build real in-situ 
columns, concluding that values obtained from 
laboratory-scale auger columns can be closer to 
those obtained in the in-situ ground improvement. 
 
The study of the long term behaviour of stabilised 
wet soil-mixed specimens by using elevated 
temperatures and accelerated carbonation as ageing 
processes, is also part of this investigation. It was 
anticipated that the presence of the peat and organic 
matter would slow down the progress of the 
hydration process but this was not found to be the 
case. The most surprising outcome is that the 
unconfined compressive strength decreases with the 
increase in the curing temperature from 21ºC to 
60ºC. This is the opposite trend to the behaviour 
observed previously with inorganic stabilised soils. In 
addition by using carbon dioxide it was evident that 
some initial reduction in strength followed but a 
gradual increase occurred. This initial reduction is 
linked with the interference of accelerated 
carbonation with the normal hydration processes by 
consuming some of the portlandite which is needed 
for hydration. The use of SEM (see Figure 1) and X-
rays powder diffraction analysis showed to be key 
tools in order to better understand the hydration 
mechanisms that occur between cementitious 
materials and organic soil when different curing 
environments are maintained. 
 



 
Figure 1: Development of hydration products on cement-
blast furnace slag stabilised peat cured at 60ºC with 20% 
of CO2. 
 
Publications in 2005: 
 
Conference papers: 
 
1. Hernández Martínez, F. G. and Al-Tabbaa, A. 

(2005). Mechanical properties of stabilised peat based 
on laboratory testing. The 16th International 
Conference on Soil Mechanics and Geotechnical 
Engineering, 16 ICSMGE. September 12-16. Osaka, 
Japan. Vol. 3. pp. 1193-1197. 

 
2. Hernández Martínez, F. G. and Al-Tabbaa., A, 

(2005). Strength Properties of Stabilised Peat. Deep 
Mixing ’05, International Conference of Deep 
Mixing Best Practice and Recent Advances. May 23-
25, Stockholm, Sweden. Vol 1.1, pp. 69-78. 

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

(2005), Mechanical Properties of Laboratory-Scale Wet 
Soil-Mixed Organic Soil. Project report for the 
National Deep Mixing Research Program, USA, 
March. 

 
4. Al-Tabbaa, A., Hernandez-Martinez, F. G., Perera, 

R. and Chitambira, B. (2005), Accelerated Ageing of 
Cement Treated Soils with Elevated Temperatures –
Laboratory Study. Project report for the National 
Deep Mixing Research Program, USA, March. 

 
 

 
 
Seevaratnam Jegandan 
Churchill College 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year:  1st 
PhD Topic: Deep soil mixing of problematic 

soils with novel binders 
 
Deep soil mixing is a ground improvement technique 
that is increasingly being used because of its cost-
effectiveness and versatility. The technique is most 
commonly used in countries like Scandinavia and 
Japan. Its use in the UK is still limited although 
increasing. Deep soil mixing is carried out either 
using wet or dry binders and is used for either 
column or mass stabilisation. There are a number of 
areas which require further research. One area is the 
effectiveness of the stabilisation of problematic soils, 
including soft clays, silt, organic soils and peat. 
Related areas include the correlation between field 
and laboratory results and also the long-term 
properties of the treated soil. In addition, with 
increasing emphasis on sustainable construction, the 
use of environmentally acceptable binders is also a 
hot topic. 
 
Very little research has been carried out on the deep 
soil mix stabilisation of the problematic soils 
mentioned above and most of those studies use dry 
binders. My research will investigate the applicability 
of the wet deep soil mixing technique to the 
stabilisation of these problematic soils. 
 
The most common binder used in soil stabilisation is 
Portland cement which is highly energy intensive in its 
manufacturing process and is responsible for 
significant CO2 emissions to the atmosphere. Portland 
cement also suffers from durability problems in many 
aggressive environments. Hence a new type of 
cement will be tested for comparison. This is reactive 
magnesia cement which is expected to be far more 
sustainable than Portland cement and also more 
durable. It consists mainly of reactive magnesia and a 
Pozzolan like pulverised fuel ash. It is produced at a 



much lower temperature and is expected to be more 
recyclable than Portland cement. 
 
The project will make use of a laboratory-scale auger 
system to produce stabilised soils similar to those 
produced in situ and to investigate a range of 
parameters relevant to the installation process. These 
will include speed or rotation, speed of penetration 
and withdrawal, binder content, binder injection 
sequence and mixing cycles. The project will compare 
the mechanical, physical and chemical properties of 
manual/mechanical-mixed samples with auger-mixed 
samples. It is also hoped to compare those with 
results from full-scale field trials. 
 
The project will also use accelerated ageing 
techniques to investigate the long-term behaviour and 
durability of the treated soils. Testing will include 
permeability, strength, stiffness, durability and 
microstructure. 
 
It is also hoped to carry out finite element analyses 
will be performed to model the performance of the 
treated soils and compare with performance data 
from full-scale testing. 
 
I graduated from University of Moratuwa, Sri Lanka in 
Civil Engineering in 2004 and then joined the 
Geotechnical group at the University of Cambridge as 
a PhD student in October 2005. So far, I have been 
carrying out a literature review and attending two 
compulsory taught modules. I hope to start my 
experimental work shortly. 
 
 

 
 
Abir Osman 
Fitzwilliam College 
 
Supervisor: Dr Abir Al-Tabbaa 
Year:  4th  
PhD Topic: Behaviour of Cement-Stabilised Soft 

Clays in Aggressive Environments – Laboratory 
Study 

 
The use of cement-bentonite grouts is wide ranging: 
from the construction of cut-off slurry walls to the 
treatment of contaminated soils. Deep mixing is a 
technique that is now increasingly being used to 

deliver cement-bentonite grouts in different soil 
conditions. Studies have, however, shown that the 
strength and permeability of such grouts change 
considerably when subjected to certain chemical 
solutions. Therefore there is a need to improve the 
resistance of cement-bentonite grouts to aggressive 
environments and in particular those that are likely to 
occur in the long-term over the life span of the 
material e.g. climatic changes and/or exposure to 
contamination. Hence, the first objective of my 
research work was to investigate the performance of 
grouts along with stabilised soft clays in aggressive 
environments and consider improvements in this 
behaviour with the incorporation of zeolite.  
  
Furthermore, treatability studies are an essential part 
of the design of ground improvement with binders. 
However, it has been recognised that the strength 
development in the laboratory (using mechanical 
mixing) is usually higher than values achieved on site. 
This has questioned the applicability of laboratory 
treatability study tests to field results and the 
importance of developing correlations between the 
two. It was demonstrated that laboratory-scale soil 
mixing with the use of small scale augers can provide 
the link between the laboratory and field results and 
produces strength values, and other properties, 
which are much closer to those obtained in-situ. 
Hence, the second objective of my research was to 
examine the correlation of the mechanical properties 
for manually-mixed samples and laboratory-scale 
auger columns and to investigate the effectiveness of 
deep mixing technique in the stabilised clay. 
 
An extensive experimental programme was designed 
in which testing was carried out on mechanically 
mixed as well as auger-mixed samples. The latter soil-
grout samples were prepared using a laboratory-scale 
auger mixing system. The aggressive environments 
imposed were freeze-thaw and wet-dry cycles, strong 
sulphuric acid solution and sodium sulphate solution. 
Soft to very soft clays were produced for testing 
using kaolin clay. Both sodium and calcium bentonites 
were used in the grouts and different ratios of 
cement:bentonite and soil:grout were considered. 
The zeolite was then introduced as a partial or full 
replacement of the bentonite and as a partial 
replacement of cement. Samples were tested for 
their unconfined compressive strength, permeability, 
secant modulus and microstructure using scanning 
electron microscopy and X-ray diffraction. 
 
The results of this work have clearly indicated that 
cement-bentonite mixes are vulnerable to substantial 
attack in the aggressive environments tested, affecting 
their durability and long-term performance. The use 
of zeolite within the grout mix is clearly seen to offer 
a much improved resistance to sulphate attack while 
the presence of bentonite within the mix produced 
better resistance to freeze-thaw. Furthermore, the 
replacement of half the cement content with zeolite 
did not cause a permeability increase or a strength 
decrease, as would be expected given the open and 
hollow structure of zeolites. 



 
The laboratory-scale auger-mixed columns were 
found to be mixed effectively and to correlate well 
with the mechanically-mixed samples for the clay with 
high water content. However, the construction of 
deep mix columns in clayey soils with lower content 
was found to be a challenge. To improve the 
effectiveness of the mixing of the stiffer clay, initial 
water injection was carried out to increase the soils’ 
water content prior to the injection of the grout. 
This technique was found to be extremely effective. 
Optimum mixing efficiency in terms of the number of 
mixing cycles of both the water and the grout was 
developed. 
 
Currently, the optimum zeolite content in the mixes 
for both the strength and the sulphate resistance is 
being investigated. Furthermore, empirical 
examinations relevant to behaviour of stabilised clay 
samples under confined conditions would also be 
attempted. 
 
Publication in 2005: 
 
1. Osman, A. and Al-Tabbaa, A. (2005), Behaviour of 

Cement-Stabilised Soft Clays in Aggressive 
Environments Laboratory study. Report for the 
National Deep Mixing Research Program, USA. 

   
 

 
Figure 1: Cracked sample in sulphate solution 
 

 

 
Figure 2: SEM micrograph for a sample in sulphate 
solution 
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Marwa Al-Ansary 
Sidney Sussex College 
 
Supervisor: Dr Abir Al-Tabbaa 
Year:  4th 
PhD Topic: Stabilization/Solidification (S/S) and 

pelletisation of petroleum drill cuttings to be used 
in construction applications: based on North Sea 
and Red Sea case studies 

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

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

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

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

• Novel binders: zeolites (aluminosilicate mineral), 
waste compost and magnesium oxide based 
cements. 

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



for 28 days and then tested for their unconfined 
compressive strength (UCS), chloride and oil 
leachability, leachate pH and micro-structural 
examination (scanning electron microscopy and x-ray 
diffraction).   
 
Having successfully completed the first two phases of 
my research, empirical work is now in progress to 
examine the pelletisation of thermally desorbed drill 
cutting to produce a range of artificial aggregates for 
different applications as value-added construction 
products. The size of the produced aggregates ranged 
from less than 2 mm to more than 20 mm. A number 
of parameters that affect the pelletisation process 
have been investigated such as: (a) properties of the 
material pelletised, (b) water content, and, (c) 
mechanical process parameters including angle of 
pelletisation and revolution speed. These aggregates 
would then be tested for their particle size 
distribution, impact and crushing values. 
 
I am currently the teaching assistant of Division D in 
the CUED.  I have been bestowed the National 
Award of British Federation of Women Graduates 
(BFWG) 2005-2006 for excellence in research in the 
United Kingdom. I have also been awarded the prize 
for the Best Teaching Demonstrator, Cambridge 
University Engineering Deptartment 2005-2006. 
 
 

Publications in 2005: 
 
1. Al-Ansary M.S. and Al-Tabbaa, A. (2005). 

Stabilisation/Solidification of synthetic petroleum drill 
cuttings: A comparative study based on North Sea and 
Red Sea scenarios, Journal of Hazardous Materials.  
Accepted.  

 
2. Al-Ansary M.S. and Al-Tabbaa, A. (2005). 

Stabilisation/solidification of Synthetic Drill Cuttings 
from Ras Shukier in Egypt Containing Oil and Chloride. 
Proceedings of the International Conference on 
Stabilization/Solidification treatment and 
remediation (STAR): Advances in S/S for waste and 
contaminated land, Cambridge, Balkema, p.19-29.  

 
3. Al-Ansary, M.S. and El-Haggar, S.M. (2005). Applying 

7R Golden Rules of Industrial Ecology to manage 
Construction Site Wastes. Proceedings of the Global 
Construction: Ultimate Concrete Opportunities, 
Dundee, Thomas Telford, p.371-378. 

 

 

Figure 1:  SEM micrograph of drill cuttings mixed 
with 30% Microsilica-PC at 28 days. 

Decreasing water content Increasing water content
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cuttings 

 

 

Figure 2: A range of artificial aggregates produced from pelletisation of thermally desorbed drill cutting. 



 
 
Martin Liska 
Sidney Sussex College 
 
Supervisor:  Dr Abir Al-Tabbaa 
Year: 2nd
PhD Topic:  Waste minimisation through 

sustainable magnesium oxide cement products 
 
The construction sector consumes vast quantities of 
Portland cement (PC) worldwide of which around 1.8 
billion tonnes are manufactured annually. The 
manufacturing of PC is very energy intense as 
temperatures of up to 1500°C are used in its 
production. Such production is also directly 
responsible for up to 10% of  CO2  emissions caused 
by anthropogenic activity. Hence there is an intense 
need to identify novel cements that would possess 
less detrimental impact on the environment and are 
less energy intensive. One recent invention, MgO 
cements, is a response to this urgent need. Further 
issues closely associated with cement utilisation and 
concrete production is quarrying of natural 
aggregates whose demand steeply rises. 
Approximately 275 million tonnes of aggregates are 
used in the UK annually. Only around 25% of that 
quantity is made up of secondary aggregates. 
Moreover, by 2012, provided that the demand for 
aggregates rises by the expected 1%, further 20 
million tonnes of aggregates will be needed each the 
year. Quarrying of aggregates, however, causes 
unsightly irreversible changes to the landscape 
resulting in direct impact on natural habitats of many 
species. The production of secondary (artificial) 
aggregates from waste or industrial by-product 
materials appears to be a viable and sustainable 
alternative to the depletion of those natural 
resources  
 
I am therefore interested in characterisation of novel 
sustainable MgO cements. The scope of this research 
activity includes the characterisation of MgO cements 
in terms of both, hydration behaviour and 
microstructure.  
 
Another area of my research is a production of 
secondary aggregates from waste materials and MgO 

cements by employment of pelletisation. Prior doing 
this, I will conduct a number of trials on 
agglomeration in order to define the key parameters 
which ultimately influence the final output of the 
pelletisation process. This will be done mainly due to 
the fact that scarcity information in this area exists. I 
am further interested in accelerated carbonation of 
those aggregates observing how the properties of 
such material change due to their exposition to CO2 
rich atmosphere. This pelletisation work will 
ultimately provide information as what composition 
of the aggregates and what production conditions will 
be both economically and technically most viable. 
This will then lead to large production of aggregates 
with their subsequent inclusion in masonry products. 
These will then be compared with those made of 
conventional materials. Another extensive area of my 
work will be the durability testing of the masonry 
units prepared of both, developed MgO cement 
formulations and secondary aggregates produced by 
pelletisation.  
 

 
Figure 1:  A fracture area of an aggregate produced by 
pelletisation. 
 
 

 
 
Luc Vandeperre 
 
Research Associate 
 
I am interested in material processing and the 
mechanical behaviour of materials. In the field of 



material processing, a substantial amount of work has 
been devoted to electrophoretic deposition as a 
shaping technology for layered ceramics. Further 
work has been on using natural binders such as 
starch or gelatine for gelcasting, and processing of 
zirconium tungstate. My interest in the mechanical 
behaviour started while testing the crack deflection 
ability of laminated shapes such as tubes. I have since 
been involved in modelling of the thermal shock 
resistance of monolithic as well as layered ceramics 
and have contributed to a better understanding of 
the fracture behaviour of brittle porous materials. I 
have a general interest in understanding limits to 
material properties and how these relate to the 
underlying mechanisms, and I am using nano-
indentation as a means to study fundamental material 
behaviour.  
 
Currently I am investigating new cement formulations 
which consist of substituting large fractions of 
Portland cement with magnesium oxide (MgO). The 
processing temperatures required to produce MgO 
(~700 °C) are much lower than what is needed to 
produce Portland cement (~1450 °C) and MgO-
cements and therefore have a much lower embodied 
energy. As a further contribution to more 
environmentally friendly construction materials, we 
are investigating the use of MgO-cements in making 
construction products, which contain a large fraction 
of wastes such as pulverised fuel ash instead of new 
resources. As it is claimed that the MgO-based 
cements would carbonate substantially, the potential 
for carbon sequestration is also being evaluated 
alongside the use of these cements to bind 
problematic wastes such as heavy metals, oil or salts. 
 

 
Figure 1: An array of triangular indents made in Portland 
cement with 20 wt% MgO by pressing a diamond into the 
material with a force of 20 mN. The size of the imprint is 
inversely proportional to the hardness, and it is clear that 
the hardness varies widely with  position. This is due to 
the small scale variation in materials making up the 
cement matrix.  
 
Publications in 2005: 
 
1. Vandeperre, L.J., Liska, M. and Al-Tabbaa, A. 

Sustainable Magnesium Oxide Cements: Paste 

Characteristics and Hydration Mechanisms, MiniWaste 
2005. December 5th & 6th, 2005, York 

 
2. Lloyd, S.J., Castellero, A., Giuliani, F., Long, Y., 

McLaughlin, K.K., Molina-Aldareguia, J., 
Stelmashenko, N.A., Vandeperre, L.J. and Clegg, 
W.J. Observations of nanoindents by cross-sectional 
transmission electron microscopy: a survey of 
deformation mechanisms. Proc. Roy. Soc. A., Vol. 
461, p2521-2543, 2005 

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

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

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

Hydration and mechanical properties of blends of 
magnesium oxide, pulverised fly ash and Portland 
cement. Submitted to Cement and Concrete 
Research 
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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 were carried out in a traxial 
cell.  The typical size of a triaxial sample is 100mm 
diameter and 200mm height.  Of particular interest is 
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 were also carried out.  Scanning 
electron micrographs and X-ray diffraction analyses 
were performed to examine the soil structure. 
 
 

 
 
Fiona Kwok 
Churchill College 
 
Supervisor: Professor Malcolm Bolton 
Year: 2nd 
PhD Topic: Micromechanical investigation of 

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

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

2. Time for particle breakage. The breaking of 
particles resulting from the slow growth of 



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

 
These time-dependent creep phenomena will be 
investigated with the use of a computer simulation 
called Particle Flow Code in 3 Dimensions (PFC3D). 
The interparticle sliding and particle breakage 
mechanisms will be incorporated into the numerical 
model in order to show that the contact sliding 
and/or the grain crushing will actually produce 
macroscopic behaviour which is similar to that of 
soils. Results of the computer simulations of creep 
will be compared with those obtained from the 
laboratory soil tests to verify if the two hypotheses 
are the major mechanisms of creep. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Happy Birthday Professor Schofield 

 
 
George Marketos 
Trinity College 
 
Supervisor: Professor Malcolm Bolton 
Year: 3rd 
PhD Topic: An investigation of the conditions 

for formation of compaction bands in reservoir 
sandstones 

 
The soil (especially sand) structure is a collection of 
discrete often crushable particles with some degree 
of bonding. This is quite distinct from other materials 
and has until recently been ignored completely, as 
most soil models were based on curve-fitting, defining 
parameters whose real significance with respect to 
other physical quantities still remains unclear. 
 
Recent research has succeeded in associating the 
plastic yielding of granular material to the breakage 
and subsequent rearrangement of particles thus 
providing a micromechanical mechanism in which 
deformation occurs. It has also been 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 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 occur 
at a direction perpendicular to the maximum effective 



stress direction. Using probabilistic methods to 
combine the probability distributions for grain size, 
the crushing stress of a single grain, and the 
possibility of the stress on a grain exceeding its 
crushing strength, I will try to answer questions such 
as which soils would preferentially deform in localised 
zones, and how these zones would propagate. 
 
This project will include mathematical (probabilistic) 
modelling, a Discrete Element investigation of the 
phenomenon and a review of data from real 
sandstones, either obtained from the field, or from 
laboratory tests. An account of some of the work 
completed until now can be found in [1]. This 
includes the reproduction of localised crushing in 
compaction bands by making use of the Discrete 
Element Method. The features observed resemble 
experimental observations of compaction band 
formation. 
 
Questions associated with this problem include the 
exact form of the stress distribution in a granular 
material, and the factors which 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 [2], which 
summarises my Cambridge MEng thesis). 
 
Publications in 2005: 
 
1. Marketos G., Bolton M.D. (2005): Compaction bands 

as observed in DEM simulations. Powders and Grains, 
Proceedings of the 5th international Conference on 
Micromechanics of Granular Media, Eds. Garcia-
Rojo R., Herrmann H. J., McNamara S. Vol. 2, p. 
1405-1409.  

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

Investigation of the Failure Mechanism of a Cantilever 
Retaining Wall Under Earthquake Loading. 
International Journal for Physical Modelling in 
Geotechnics, Vol. 4, No 4, p. 33. 

 
 

 
 
Ashraf Osman 
 
Research Associate 
 
This year I completed my PhD in May. My PhD topic 
was “Predicting displacements in clay during 
construction”.  The purpose of my PhD research was 
to suggest a new approach to the teaching of ground 
movements that gives geotechnical engineers a simple 
design tool rather after the fashion of engineers’ 
beam theory.  It incorporates clear assumptions 
about stress equilibrium and strain compatibility 
which depend only on the class of problem, not on 
the type of soil. Soil behaviour is represented by a 
triaxial test curve of mobilised stress and strain; there 
is no need for constitutive laws or parameters. In this 
respect, the new approach can be considered an 
extension of the MIT stress-path method. 
 
My PhD dissertation introduced a design approach 
based directly on the data of carefully chosen soil 
tests, conceived within the framework of plasticity 
theory, but allowing for strain-hardening. Mobilised 
shear stresses beneath foundations, for example, are 
found by using conventional bearing capacity factors. 
Strains required to mobilise these stresses are 
deduced from a triaxial test on a representative 
sample taken from a selected location in the plastic 
zone of influence.  These strains are entered into a 
simple plastic deformation mechanism to predict 
boundary displacements. Hence, the proposed 
Mobilisable Strength Design (MSD) method can 
satisfy both safety and serviceability in a single step of 
calculation, without the need for finite element 
analyses.  Examples demonstrating the success of the 
MSD method are given for a variety of geotechnical 
problems including shallow foundations, retaining 
walls and multi-propped deep excavations. 
Comparisons are made both with previously 
published field studies and with comprehensive finite 
element analyses. 
  
In July, I was appointed a Research Associate working 
with Professor Malcolm Bolton. I spent this year on 
three main research activities: 



Design of Braced Excavations to Limit Ground 
Movements 
The capability of the Mobilisable Strength Design 
(MSD) method in correctly predicting ground 
displacements is demonstrated through the back 
analysis of case histories of braced excavations in 
Singapore, Boston, Oslo and San Francisco. The use 
of heave-reducing piles as a technique to limit the 
bulging of braced excavations is investigated and 
incorporated in the MSD method. The effects of the 
stiffness of wall panels and of vertical spacing of the 
bracing are studied.  
 
Modelling ground movements around tunnels 
in clay 
A kinematic plastic solution has been developed for 
ground movements around a shallow, unlined, tunnel 
embedded within an undrained clay layer. In this 
solution, the pattern of deformation around the 
tunnel is idealized by a simple plastic deformation 
mechanism. Within the boundaries of the 
deformation mechanism, the soil is required to shear 
compatibly and continuously with no relative sliding 
at the boundaries. The plausibility of the proposed 
mechanism is demonstrated by comparison with limit 
analysis calculations and centrifuge test results. The 
most novel of the new method is that ground 
displacements around a tunnel prior to collapse are 
also predicted based directly from raw stress-strain 
data. 
 
Long-term behaviour of shallow foundations 
In every design, during the construction period itself, 
the soil can be partially drained; there could then 
follow an episode of further drainage and later 
responses to changes in the historic water table.  
Beam centrifuge tests were designed and conducted 
to throw light on mechanisms of deformations of 
shallow foundations in the long-term and to 
understand the relation between far-field and near-
field strains and their significance. 
 
 
 
 
 

 
Figure 1: Centrifuge model of a shallow foundations 
 
 

Publications in 2005: 
 
1. Osman, A. S. (2005), Predicting ground displacements 

in clay during construction PhD dissertation, University 
of Cambridge. 

 
2. Osman, A. S., and Bolton, M. D. (2005), Plasticity 

based method for predicting undrained settlement of 
shallow foundations on clay, Geotechnique, 
55(6):435-447. 

 
3. Osman A. S. and Bolton, M. D. (2005), Teaching 

geotechnical engineers to avoid excessive deformations, 
16th International Conference on Soil Mechanics 
and Geotechnical Engineering , 12-16 September 
2005, Osaka, Japan. Vol. 3, pp. 2837-2840. 

 
4. Osman, A. S., and Bolton, M. D. (2005), Ground 

movement predictions for excavations in undrained clay, 
accepted for publication in ASCE Journal of 
Geotechnical and Geoenvironmental Engineering. 

 
5. Osman, A. S., and Bolton, M. D. (2005), Design of 

Braced Excavations to Limit Ground Movements, 
Accepted for publication in Geotechnical 
Engineering, proceedings of Institution of Civil 
Engineering,  special issue on  ‘Innovations in deep  
foundations: design and construction’, April 2006. 

 
 

 
 
Marcelo Silva 
 
Supervisor: Professor Malcolm Bolton 
Year: 5th 
PhD Topic: Numerical and physical models of 

rate effects in soil penetration 
 
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 cone resistance within silica 
silt.  
 



Since most of the studies of penetration rate effects 
are based on saturated fine-grained soils, and in 
coarse-grained soils the effect is mostly encountered 
when the sand matrix is filled with clay content, 
intermediate soils such as silts are thought to give the 
whole range between fully undrained to fully drained 
penetration conditions. There are other factors that 
should also be taken into account when studying silt 
behaviour, but a certain amount of focusing of the 
scope has to be considered. 
 
The silts used in the centrifuge penetration testing 
were industrial silica flour, with a grain size less than 
30 micrometres. The clay content was not more than 
5% in mass of total material. The silica flour was well-
graded so no distinction was made between fine, 
medium and coarse silts. It was expected that the 

dilative and contractive behaviour of the silica silt will 
be due to the densification and overconsolidation 
processes. To have a wide range of pore pressure 
effect, three centrifuge tests were performed, each 
test having 4 penetration tests at different speeds. In 
total, 16 penetration tests in a type of soil model 
were performed. The soil models are normally 
consolidated, formed by a depositional/sedimentation 
process, and densified (if necessary) by a vibration 
process. 
 
Publications in 2005: 
 
1. Silva, M. F., Numerical and Physical models of rate 

effects in soil penetration. Cambridge University PhD 
thesis August 2005 
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Slopes and Landslides 
 
 
 
 
 
 
 
 
 
 

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

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



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

The preliminary results of these experiments suggest 
that the fragmentation of rock (or coal, which is the 
analogue material being used) is a major factor in the 
run-out of large-scale rock avalanches. 
 
In September 2005 I took up a lectureship at the 
University of Canterbury, New Zealand. 
 
 

 
 
Chang Shin Gue 
Churchill College 
 
Supervisors: Dr Kenichi Soga and 
  Professor Malcolm Bolton 
Year: 1st 
PhD Topic: Submarine landslide simulation 

using centrifuge modelling 
 
I obtained my BEng degree in Civil Engineering from 
the Universiti Teknologi Malaysia (UTM) in 2003. I 
then pursued my postgraduate studies at Imperial 
College London, where I received my MSc in 2004. I 
then joined Gue and Partners; a geotechnical 
consulting firm in Malaysia as a geotechnical engineer. 
Shortly after, I was offered a guest research 
fellowship to work as a guest researcher at the 
Norwegian Geotechnical Institute (NGI) / 
International Centre for Geohazards (ICG) for 
almost a year before I started my PhD at the 
University of Cambridge in January 2006. 
 
My PhD research will be simulating submarine 
landslides using centrifuge modelling. Landslides occur 
on land as well as in offshore, however rather little 
attention has been given to submarine landslides. 
Both land and submarine landslides have many 
similarities in terms of landslide mechanics. 
Nevertheless they have some significant and 
remarkable differences as well. In particular the 
unique characteristics of submarine landslides include 
huge volume of mass movements and large travel 
distances at very gentle slopes.  



These submarine landslides have significant impacts 
and consequences on offshore and coastal facilities 
such as oil and gas production wells, platforms, 
pipelines, seafloor communication cables, as well as 
marine habitats. Furthermore, submarine landslides 
may also trigger tsunamis by their own displacements, 
leading to considerable damage to properties and loss 
of lives. Therefore, the knowledge and further 
understanding of submarine landslides are essential to 
mitigate these occurrences. 
 
The key to understanding the phenomena of 
submarine landslides is the initiation of failure 
(triggering mechanism) and the subsequent fluidised 
movement. The main factors that initiate submarine 
landslides include, extremely high pore water 
pressure, rapid deposition, earthquake and gas 
hydrate. It is also important to understand the 
mechanisms of debris flow, which are influenced by 
the type of soils. Centrifuge modelling of submarine 
landslides initiation and debris flow will be conducted 
in this research. By changing the gravity fields, the 
mechanical processes that govern the initiation of 
failures and the movements of fluidised soil will be 
investigated.  
 
Although considerable literature on submarine 
landslides exists, knowledge in this field, is still indeed 
lacking. Therefore, there has been a pressing need for 
the research on submarine landslides to contribute 
further knowledge and understanding in this 
particular field. This will enable further innovative and 
economical engineering works for both near coastal 
and offshore developments.  
 
The financial support from NGI/ICG and The 
Cambridge Commonwealth Trust which makes this 
research study possible is deeply appreciated. 
 
 

 
 
Koson Janmonta (Te) 
Hughes Hall 
 
Supervisor: Dr Kenichi Soga 
Year: 1st 
PhD Topic: Slope monitoring through the 

application of optical fibre technology 
 

Koson (Te) started his research in Cambridge in 
October 2005. He completed his MEng at University 
of Bristol in 2004, after which he went back to 
Thailand and joined the Department of Rural Roads, 
Ministry of Transport. He was then awarded a Royal 
Thai Government scholarship to pursue his PhD at 
Cambridge University. 
 
He is carrying out his research in conjunction with 
the UK Highways Agency.  It is known that road 
transport infrastructure is at risk when it is 
constructed on slopes that are subject to instability. 
The devastating effects of slope failures are often 
exacerbated by human activities and other natural 
causes. Slope failures cause property damage, injury 
and death and adversely affect a variety of resources. 
Many of the engineering design solutions to prevent 
the failures reflect geotechnical uncertainties and 
hence monitoring is essential. The information 
obtained from monitoring unstable slopes provides a 
means of understanding potential slope movement, 
both in relation to the mechanism involved and the 
effectiveness of slope stabilisation design policies. 
Although there exists a wide range of techniques 
which may be used for slope monitoring, the task of 
monitoring slopes is sometimes complicated by the 
extensive nature and unpredictability of slope 
movements. There is considerable uncertainty 
regarding the number and accuracy of measurements 
that will be required once the slope starts to move. 
  
The aim of Koson’s research is to look at shallow 
movement along highway slopes with the goal of 
discovering possible precursors of movements. For 
this purpose, a Brillouin Optical Time-Domain 
Reflectometry (BOTDR) sensor monitoring system 
has been chosen. The unique advantage of this 
technology is its ability to measure the strain along 
the full length of an optical fibre cable, up to 10 km 
with an accuracy of 30 µε, and to give distributed 
readings. The challenge of this research is to find out 
how to anchor the optical fibre to the slope so that 
an effective monitoring can be achieved.  
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Research area:  
Foundations and 
Pipelines 
 
 
 
 
 
 
 
 
 
 

 
 
G Senthil Arasu 
St John’s College 
 
Supervisor: Professor Malcolm Bolton 
Year: 2nd 
PhD Topic: Pipe-soil interaction of unburied 
pipelines 
 
The year 2004 emerged with an offer of admission 
for study towards a PhD from the University of 
Cambridge. I was able to take it with the generous 
contribution of funds from the Cambridge 
Commonwealth Trust and the Schofield Centre. St. 
John’s College was kind enough to accept me as one 
of its members.  
 
I broke off from four years of industrial tenure and 
took the tough decision to start the PhD since it was 
my long-standing aspiration. Scintillating research 
works are being performed at the Schofield Centre 
and this enhanced my thirst to see myself as a 
research scholar. 
 

Three years of industrial exposure in the field of 
offshore construction fascinated me and paved the 
way to inculcate interest in the above field. With the 
same tempo, currently, I have initiated research in 
the area of Pipe-Soil interaction of deepwater high 
pressure and high temperature (HP/HT) flow lines 
(gas / oil).  
 
The insatiable appetite for energy necessitates 
exploration in deep water frontiers. The pipelines in 
such a hostile environment need to operate at high 
temperature and pressure. Consequently, the pipes 
tend to expand and buckle or walk on the sea bed, 
depending on their relative lengths and buckling 
capacity. The buckling or walking phenomenon is 
governed by the pipe-soil interaction to a large 
extent. A lot of uncertainties prevail in this regard. 
  
The core objective of the research is to understand 
the behaviour of axial and lateral pipe - soil 
interaction of unburied pipelines with the seabed. It 
identifies the parameters which influence the above 
phenomenon and to assess their impacts. Eventually, 
a design guideline for axial pipe-soil interaction will be 
developed to disseminate the results for immediate 
application.  A series of experiments have been 
performed to accomplish the above objectives. This 
research is a part of a joint industry project 
SAFEBUCK PHASE II, organized by a conglomerate 
of oil companies, consultants, contractors, 
manufacturers, research institutes and academic 
institutions. 
 
 

 
 
Tzi Piau Cheong 
Hughes Hall 
 
Supervisor: Dr Kenichi Soga 
Year: 4th 
PhD Topic: Analysis of three-dimensional soil-

pipeline interaction 
 
Our community needs energy to produce essential 
goods and services as well as for sustenance of life, 
especially in cold weather countries. Pipeline systems 



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

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

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

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

 
3. The effect of global and local soil shearing on the 

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

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

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

be modelled by three different types of F-δrel 
spring models. 

 
Implementation works on all the soil-pipeline 
interaction models were anticipating the use of 
ABAQUS as the FE solver system. The approach to 
the soil-pipeline structural modelling is to simulate 
the pipe as a 3-D shell element and the soil as a 
continuum 3-D solid element. Two types of soil 
model are used in the simulation: Mohr-Coulomb and 
Nor-Sand soil models.  
 
Publications in 2005: 

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

 
2. Cheong, T. P. and Soga, K. (2006), 3-D FE Analyses 

of Buried Pipeline with Bended Elbow-Pipe, Report 
submitted to Tokyo Gas Ltd, Tokyo, Japan (in the 
process). 

 
3. Cheong, T. P. and Soga, K. (2006), Numerical 

Modelling of Buried Bended Elbow-Pipeline Subjected to 
Lateral Ground Displacements, Proceeding of ASCE 
Pipelines Conference 2006, Chicago, U.S. 
(accepted). 

 
4. Cheong, T. P. and Soga, K. (2006), FE Analyses of the 

Effect of Global Soil Shearing on Pipeline, (preparing 
for a journal). 

 
5. Cheong, T. P. and Soga, K. (2006), 3-D FE Analyses 

of Buried Pipeline with Bended Elbow-Pipe, (preparing 
for a journal). 

 

 
 
 



 
 
Andrew D. Deeks 
Gonville and Caius College 
 
Supervisor: Dr Dave White 
Year: 2nd 
PhD Topic: Displacement piles in sand 
 
I came to study my PhD immediately after 
completion of an MEng at the University of 
Cambridge in 2004.  I am currently about half-way 
through the PhD course.  Thanks to the friendly and 
productive atmosphere at the Schofield Centre I have 
thoroughly enjoyed the transition from 
undergraduate to post-graduate life. 
 
My research aims to investigate the axial behaviour of 
displacement piles in sand.  Specific aims of my 
research are to:  
 
1. Quantify the effect of load cycles applied during 

installation on the base and shaft stiffness and 
strength of displacement piles. 

 
2. Quantify the effect of load cycles applied after 

installation on the base and shaft stiffness and 
strength of displacement piles. 

 
3. Develop simple non-linear soil-pile models from 

insitu testing data that can encapsulate the 
installation process and the axial load-settlement 
response under static or cyclic loading. 

 
To achieve these aims I have developed equipment 
that enables the experimental modelling of the pile 
jacking and pile driving processes in the centrifuge 
environment.  I have written software that controls 
the pile actuator under feedback control.  This has 
allowed advanced installation and testing regimes to 
be applied within the centrifuge environment, 
enabling a combination of load and displacement 
control.   
 
Three centrifuge test weeks have been successfully 
completed, and a total of 18 pile installations and 
associated cyclic loading tests -with cycles applied 
during installation, after installation or during 
extraction- have been performed. 

 
I have also helped supervise some field scale pile 
testing; this work has been by conducted by MEng 
student Helen Dingle, with the assistance of Andrew 
Jackson at the test site of Giken Seisakusho Co. Ltd. 
in Kochi, Japan.  An instrumented pile was jacked into 
the ground and subjected to axial load tests.  Back 
analysis of this data helps to quantify the effect of 
load cycles applied during installation on the base and 
shaft stiffness and strength of displacement piles. 
 
My future work will: 
 
1. Apply the feedback control technology developed 

for the one-axis (vertical) actuator to a two-axis 
actuator (vertical, horizontal) actuator; enabling 
faithful modelling of pile group installation. 

 
2. Develop simple models of pile base and shaft 

behaviour that amalgamate the observed effect of 
pile load cycles on the subsequent loss of pile 
stiffness and strength with the observed loss of 
normal stress in cyclic shear box testing.  

 
The financial support of the George and Lillian Schiff 
Foundation and Giken Seisakusho Co. Ltd. which 
enable me to pursue this research is greatly 
appreciated. 
 
Publications in 2005: 
 
1. Deeks A.D., White D.J. and Bolton M.D. A 

comparison of jacked, driven and bored piles in sand. 
Proc. 16th ICSMGE, Osaka, 2005. 

 
2. Deeks A.D. and White D.J. Centrifuge modelling of 

jacked piles. Proc. ICPMG, Hong Kong, 2006. 
 
3. Zhao Y., Gafar K., El-Shafie M.Z.E.B., Deeks A.D., 

Knappett J.A. and Madabhushi S.P.G. Calibration and 
use of a new CNC automatic sand pourer. Proc. 
ICPMG, Hong Kong, 2006. 

 
 

 
Figure 1: Pile jacking machines 
 
 



 
Figure 2:  The load/displacement feedback system for the 
centrifuge pile actuator 
 
 

 
 
Barnali Ghosh 
 
1851 Research Fellow 
 
I changed my research direction last year. I started 
research on ‘Lateral Pipe-Soil Interaction’ problems 
for offshore pipelines. This was a part of the industry 
sponsored project where we were assigned to 
complete a series of tests for BP where the 
interaction between a model pipe and the sea bed 
was studied by using centrifuge modelling. These tests 
were performed by using the mini drum centrifuge. 
The tests involved the development of a miniature T-
bar which was used in flight to measure the 
undrained shear strength of the model sea bed. A 
miniature actuator was also developed which allowed 
the pipe to sweep in either direction in the sea bed. 
The vertical and horizontal movement of the pipe 
was measured and the lateral resisting  forces 
generated in the soil were measured. The different 
tests looked at different aspects including the 
variation in submerged pipe weight, the shear 
strength of the sea bed, the rate of sweeping and the 
pause time between sweeps. A total of six tests were 
done for BP and two further tests were performed 
for the SAFEBUCK Joint Industry Project. This work 
was done in collaboration with G. Senthil Arasu 
under the guidance of Professor Bolton.  
 
 

Publications in 2005: 
 
1. Ghosh, B., Klar A. & Madabhushi, S.P.G. (2005), 

Modification of site response in presence of localized 
soft layer, Journal of Earthquake Engineering, Vol. 9, 
No. 6 (2005) 855-876 

 
2. Haigh, S.K., Ghosh, B. & Madabhushi, S.P.G. (2005), 

The importance of time step discretisation in non linear 
dynamic finite element analysis, Canadian 
Geotechnical Journal, No.42(3), 957-963 

 
3. Ghosh B. & Madabhushi, S.P.G. (2005), Centrifuge 

modelling of seismic soil structure interaction effects in 
layered soil, Accepted for Nuclear Engineering and 
Design. 

 
This was my last year with the Geotechnical Group 
as I finished my Fellowship and started working for an 
engineering consultancy company. I had another 
exciting event this year which was the birth of my 
son on 29 December, barely a few days after we had 
finished centrifuge testing!  As I leave the group I will 
miss all my friends and colleagues. 
 
 

 
 
Yueyang Zhao 
Magdalene College 
 
Supervisor: Professor Malcolm Bolton 
Year: 3rd 
PhD Topic: Improved knowledge of soil stiffness 

for the design of foundations in sand 
 
Research tools: 
 
New works sometimes require new tools. Two such 
tools or methods are being developed and used 
during my PhD: 
 
1. use of seismic testing (accelerometers and air 

hammers) to monitor in situ changes (Figure 1); 
 
2. a small sized pressuremeter, capable of measuring 

very small strains (Figure 2). 
 
The mini pressuremeter provides a small-medium-
strain insitu investigation tool to complement the in 



flight CPT and the seismic testing. Its current design 
is workable, cheap and produces repeatable results 
and predictable system compliance. Currently it is 
being adapted for the centrifuge and the capillary 
volume gauge monitored by digital cameras, and 
subsequently processed by image analysis, e.g. PIV. 
 
 
 
 
Research directions: 
 
Reaffirm the suspected 
Our previous work indicated a small but definite 
shaft-upon-base interaction. Demonstrating that this 
is in general the case will provide a sound 
experimental base for the current treatment of shaft 
and base independently and will help to resolve 
related issues such as O-cell load test data 
interpretation and the pile size effect on qb/pc. 
 
Opening an exciting new frontier 
The distribution of G0 is currently the most favoured 
method to quantify insitu fabric. So far experiments 
are limited to measuring G0 to determine initial 
anisotropy. Its real value perhaps lies in the ability to 
continuously monitor fabric response to fast changing 
boundary conditions. This will pave the way for soil 
modelling with fabric and open the door to the ability 
to model numerically the entire pile driving process, 
for example. 
 
The Schofield Centre has the capability for this work. 
The Dynamics Group provides experience and 
equipment, and the centrifuge means realistic and 
well defined modelling. The experimental study of the 
construction process on soil fabric development will 
eventually lead to realistic numerical modelling of 
demanding construction processes. 
 
Semi-empirical work with immediate practical 
use 
The prediction of driven pile load-settlement curves 
and ultimate capacity is currently too tricky to model 
numerically; e.g. the effect of pile installation on the 
stress and fabric, therefore subsequent soil response 
is not modelled. The problem can perhaps best be 
approached semi-empirically. The more frequent use 
of the pressuremeter combined with seismic CPT 
offers several ways forward: 
 
1. seismic CPT-measured G0 can be used with a 

stiffness degradation curve back-analysed from the 
pressuremeter to supply simple non-linear soil 
model for FE modelling of settlement behaviour 
up to working load; 

 
2. CPT qc is shown to correlate the in situ soil state 

to the crushing portion of the critical state line. 
Numerically simulated pressuremeter data are 
shown to correlate the insitu soil state to the pre-
crushing portion of the steady state/critical state 
line. Hence CPT and pressuremeter together can 
determine uniquely the insitu soil state. This 

information can then be used in sophisticated 
state depended constitutive FE models, to obtain 
settlement and capacity behaviour beyond 
working load up to the ultimate conditions. 

 

 
Figure 1: Mini pressuremeter 
 

 
Figure 2: Seismic testing 



  
  
  

 
Geotechnical Research Office v. Schofield Centre football match. The Schofield Centre won. 
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Peter J. Bennett 
Wolfson College 
 
Research Fellow 
 
As part of the CMI project on ‘Smart Infrastructure’ 
we have been investigating new sensing technologies. 
These include distributed optical fibre strain gauges, 
MEMs strain gauges and wireless sensor networks. 
For examples of the work on MEMs and wireless 
sensor networks, please see the entry for Dr Gary 
Choy. 
 
The most significant advantage of the distributed 
optical fibre strain sensors is that the strain is 
measured all the way along the fibre. This allows the 
full strain profile to be obtained, which is particularly 
important for geotechnical applications. The method I 
have been working on is based on Brillouin optical 
time domain reflectometry (BOTDR). The past year 
has seen a number of new field trials and continued 
monitoring at sites such as at Bankside123, London 
SE1. 
 
At the Bankside123 field trial the distributed optical 
fibre strain gauges have been installed in a bearing pile 

of a new fourteen floor office development in 
collaboration with Cementation Foundations Skanska. 
The pile is also monitored using conventional 
vibrating wire strain gauges and fibre Bragg gratings 
(installed by City and Cranfield Universities). The 
advantage of being able to detect the full strain profile 
was demonstrated when we observed cracking during 
the curing of the piles. Although these cracks did not 
compromise the integrity of the pile, they 
demonstrated how the distributed sensor allows such 
local increases in strain to be detected, which may be 
missed or misunderstood when only looking at 
strains from point locations. 
 
Other field trials this year have been conducted with 
Crossrail; Arup; and GCG; on foundations that will 
be affected by the planned Crossrail tunnels and the 
movement of secant pile walls during construction.  
We are also collaborating with the Highways Agency 
to look at using these distributed optical fibre strain 
sensors to monitor the movement of road 
embankments. 
 
Particular highlights of the last year were the analysis 
on data taken in the Thameslink tunnel at King’s 
Cross to monitor the deformation during adjacent 
tunnelling under Contract 103 of the Channel Tunnel 
Rail Link and data from the King George V reservoir, 
Chingford where a mains water pipe was monitored 
during adjacent construction for Thames Water. In 
the case of the Thameslink tunnel the fibre was 
attached around a number of sections and running 
along the Victorian masonry tunnel. Continuous 
monitoring showed the deformation of the existing 
tunnel as the new tunnel was driven within ~3.6m 
below it. The results from Chingford showed how 
the mains water pipe initially deforms as a continuous 
pipe before moving across the joints at larger 
deformations.  For more detail on these and other 
Smart Infrastructure projects please see: 
www.cambridge-mit.org/smartinfrastructure. 
 
I am looking forward to further developments in this 
field and am always looking for new and interesting 
sites. I would like to acknowledge the support of CMI 
and thank all those individuals and companies that 
have I have worked with over the past year who 
contributed to making the field trials such a success. 
Finally I would like to thank my colleagues in the 
Geotechnical and Environmental research group, 
particularly those who were dragged out onto site to 
help me. 
 
 



 
 
Xavier Borghi 
Clare College 
 
Supervisor: Professor Robert Mair 
Year: 5th 
PhD Topic: Soil conditioning and lubrication for 

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

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



The apparatus essentially consists of a self-boring 
Load Cell Pressuremeter supplied by Cambridge 
Insitu Ltd which is used to excavate a cylindrical 
cavity in a soil model that is pressurised in a 
calibration chamber. Much as is being done in the 
field, an overcut was excavated ahead of the actual 
pipe, and a lubricant injected under controlled 
pressure into the annular space thus created around 
the rigid pipe. As depicted in Figure 3, total stress and 
pore pressure were measured on the model pipe 
throughout the excavation process and during the 
transient stage leading to equilibrium. The jacking 
forces as well as pore pressures in the ground were 
also monitored. Tests using lubricants of different 
chemistry injected at a range of different pressures 
were performed, using plain water for benchmark 
experiments. 
 

 
Figure 1: Foam injection from an EPB machine 

cutting head (courtesy Herrenknecht AG) 

 
Figure 2: Overview of the pipe jacking test rig 

 
Figure 3: Schematic cross-section  through the model pipe   

jack 
 
 

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

pressures on retaining systems 
 
I came to the Geotechnical Group at Cambridge after 
completing my undergraduate degree at the 
University of Nottingham. I started out as an MPhil 
student, before deciding to stay on to pursue a PhD. 
My research focuses on the effect of panel geometry 
on horizontal arching in deep retaining systems, and 
was initiated in collaboration with Cementation 
Foundations Skanska. 
 
Much research has been carried out on the 
stabilisation of slopes using pile shafts, as well as the 
effectiveness of spill-through abutments. For slope 
stablisation using pile shafts, Bosscher et al. (1986), 
Carder and Temporal (2000), and Liang and Zeng 
(2002) recommend that the pile spacing to pile 
diameter ratio be limited to 8. Beyond this factor, 



horizontal arching which serves to transfer soil loads 
between the piles onto the piles themselves, ceases 
to act. Using centrifuge tests, Randolph et al. (1985) 
established that the optimum pile spacing to pile 
diameter ratio for the promotion of arching in spill-
through abutments should be 4. Ah-Teck (1983) 
found that the maximum lateral stress behind the 
piers in such abutments reduced with distance from 
the pier following a 2/3 power law. 
 
While research on the above retaining systems has 
been well documented, there is still scope for the 
study of arching in deep retaining systems. Where a 
relatively “flexible” wall panel is situated between 
more rigid panels, the horizontal arching mechanism 
transfers horizontal earth pressures acting on it to its 
neighbouring elements via soil shear stresses. Soldier-
pile walls are the most common type of retaining wall 
that employs this mechanism to economise on wall 
construction; however it is not clear what the limiting 
flexible panel width is.  
 
In my research, the horizontal arching mechanism and 
lateral deformations of cantilever walls are 
investigated using centrifuge tests. A 300mm high, L-
shaped (in plan view) model basement comprising 
separate but contiguous wall panels of different 
widths and stiffnesses was used for this purpose. The 
model basement retained dry sand poured within an 
external confining steel tub of 850mm in diameter. 
Heavy fluid was contained within the basement to 
generate stress conditions similar to those found in-
situ after casting a wall. The fluid was then drained in-
flight to simulate an excavation sequence.  
 
Results indicate that the magnitude of horizontal 
arching reduces with increasing panel width for the 
flexible panel. The equivalent earth pressure 
coefficient, K, was established through the super 
position of predicted and measured panel 
displacements and bending moments. Data obtained 
showed that the earth pressure dropped to below 
active values (when horizontal stress was compared 
to the insitu vertical stress at a given depth), 
represented by a new coefficient Kmin. Miniature earth 
pressure cells were also used to confirm these 
results, that horizontal arching is capable of reducing 
lateral pressures locally by a significant amount in 
favourable circumstances.  
 
Based on these results, it was deduced that the 
reduction of lateral pressure on a retaining wall panel 
of a certain width, B, and stiffness, EI, is also a 
function of panel displacement u. New theoretical 
approaches involving analogies with cavity 
contraction and pressures in a silo were then sought 
to establish quantitative relationships between the 
arching mechanism and panel geometry. The 
predictions obtained from these numerical models 
were found to be broadly similar to the experimental 
data. 
 
A new estimate of horizontal earth pressures, which 
can be incorporated into existing design of retaining 

systems (which incorporate flexible and  rigid panels) 
was proposed, based on experimental data and 
validation through soil mechanics theories. The 
findings of this research present a preliminary 
approach to design for such retaining systems. 
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Figure 1: Plan view of model basement retaining sand in 
centrifuge tub 
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Figure 2: Graph showing reduction of pressures to very 
low values for flexible panels (EI=5.7e7 Nm2/m) 
 
Publications in 2005: 
 
1. Chua, H.Y. and Bolton. M.D., 2005, Horizontal 

arching of earth pressures on retaining structures, 
Proceedings of the 16th International Conference 
on Soil Mechanics and Geotechnical Engineering, 
Osaka, Vol. 3, pp. 1455 – 1458 

 
2. Chua, H.Y. and Bolton, M.D., 2005, The use of 

centrifuge tests in the study of arching, accepted for 
publication in the International Conference on 
Physical Modelling in Geotechnics, Hong Kong 

 
 



 
 
Johnson K. H. Chung 
Jesus College 
 
Supervisor: Professor Robert Mair 
Year: 2nd 
PhD Topic: Effects of Piles on Tunnels 
 
I received the BEng in Civil Engineering and an MPhil 
in Geotechnical Engineering from the Hong Kong 
University of Science and Technology in 2002 and 
2004, respectively. My PhD at the University of 
Cambridge started in October 2004 and is scheduled 
to be completed by December 2007. 
 
The aim of my PhD programme is to study the 
interaction mechanisms between piles and tunnels. 
The increasing demand of piled foundations and 
underground structures in confined space (like 
London and Hong Kong) leads to the fact that piles 
and tunnels have to be constructed much more 
closely nowadays. Comprehensive understanding of 
the interaction among these structures is essential for 
safe and economical designs in the future. 
 
For the research methodology, the 10 m beam 
centrifuge at the Schofield Centre is employed to 
undertake small-scale physical model studies. The 
model configuration is shown in Figure 1. An 
instrumented model tunnel of 100 mm diameter 
(Figure 2) is used to measure the influence from the 
pile loading. 
 
In addition to centrifuge model studies, I am also 
using finite element method (ABAQUS) to study this 
problem. An axisymmetric simulation has been done 
to study the behaviour of a single pile under axial 
loading. Figure 3 shows the mesh of the problem 
domain. The interesting behaviour of a single pile 
measured from the centrifuge test and computed 
from the finite element method is shown in Figure 4. 
 
This research is supported by GCG (Asia) and Kajima 
Corporation. 
 
Publications in 2005: 
 
1. Chung, K.H., Choy, C.K. and Mair, R.J. Centrifuge 

Modelling of Pile-tunnel Interaction. International  

Conference on Physical Modelling in Geotechnics, 
Hong Kong, 2006. 

 
2. Chung, K. H. (2005). Effects of Piles on Tunnels. 1st 

Year Report, The University of Cambridge. 
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Figure 1: Schematic diagram of the centrifuge model 
package (values in brackets show the prototype 
dimensions) 
 

 

Strain gauges 

Figure 2:  Instrumented model tunnel 
 

 
Figure 3: The finite element mesh 
 



 
Figure 4: Load-settlement relationship of a single pile 
under axial loading in sand (C.: Centrifuge, N.: Numerical) 
 
 

 
 
Gary Choy 
St John’s College 
 
Research Fellow 
 
I completed my PhD on the “Installation effects of 
diaphragm walls on adjacent piled foundations” in 
March 2004. Since then I have been working on the 
development of novel sensors for monitoring of aging 
infrastructure.   In December 2005 I started work for 
the Geotechnical Consulting Group (GCG) in 
London. 
 
Development of novel sensors for strain 
measurement 
The advancement in MEMS (microelectromechanical 
system) technology enables the development of small, 
low power consumption and low cost sensors. This 
allows fast and extensive deployment of sensors so 
that a high redundancy monitoring system can be 
achieved.  
 
The main objective of this research is to develop a 
polysilicon micro resonant strain gauge, in particular a 
double-ended tuning fork (DETF) device (see Figure 
1), to measure very small induced strain (expected 
resolution is in the order of sub-microstrains). By 
measuring the shift in resonance frequency of this 
device, the magnitude of changes in strain can be 

calculated. Finite element modelling has been used to 
study the relationship between the change in 
resonance frequency and the induced strain inside the 
DETF and a linear relationship is observed, which is 
very promising. Further parametric studies are being 
undertaken to obtain an optimum geometry for the 
device in order to achieve higher sensitivity. The 
mask layout for the device will finally be generated 
and sent to a commercial surface micromachining 
foundry for fabrication. Laboratory testing of the 
device will be carried out to check the finite element 
model. The test results will also be compared with 
other strain measurement devices (e.g. metal foil 
strain gauges, laser interferometer).  
 
A miniature piezoelectric power generator is going to 
be developed. It is aimed to use a piezoelectric device 
to convert mechanical energy (e.g. ambient 
vibrations) to electrical energy, which is stored in a 
rechargeable battery, to power the very low power 
consumption MEMS device.  
 
New generation of wireless sensor network 
The main objective is to evaluate the reliability and 
suitability of a new hardware platform called mote 
(see Figure 2), which consists of processor and radio 
boards, for field monitoring. This system has several 
features including multi-hop, self-configuring, self-
healing and dynamic routing. Together with efficient 
battery power management, these features would 
create a long-lived and easily deployed sensor 
network.  
 
This battery-powered device can be used for direct 
sensing, simply by mating sensor and data acquisition 
cards directly to the mote. It can also be used as a 
transceiver to any other sensors for external sensing. 
A powerful single board computer called “Stargate” 
will be used for interfacing the sensor network to the 
Internet. The success of this new technology, 
together with the low cost MEMS devices, will enable 
us to build “smart” structures, meaning any changes 
in the structural integrity (caused by any external 
disturbances) can be viewed in real time. Also, the 
monitoring results of different soil-structure 
interaction problems can be stored in a central 
database so that engineers and researchers can use 
the information for validation of any numerical and 
physical models. 
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Kensuke Date 
Churchill College 
 
Supervisor: Professor Robert Mair 
Year: 3rd 
PhD Topic: Tunnel reinforcement with 

forepoling and facebolts in shallow, sandy ground 
 
In recent years, open face tunnelling has been 
adopted even in urban ground with little cohesion. In 
urban tunnelling, we often face the problem of face 
stability and large ground settlement. In order to 
eliminate these problems, a number of methods for 
ground treatment have been developed and applied 
to a lot of actual construction sites.  
 
Forepoling and facebolts could be the two most 
popular methods of tunnel reinforcement at present. 
The former can be found in Japan, Korea and Taiwan, 
while facebolts can be found in Italy, France and 
Spain. However, both have been installed only based 
on local and empirical designs, which might induce 
serious accidents if excavation would be conducted 
under challenging conditions (e.g. shallow cover). 
Also, empirical designs might lead to a waste of 
money because it would give extra unnecessary 
reinforcement. Therefore, it is of great importance to 
select the most appropriate reinforcement method 
and decide the arrangement at every excavation stage 
in actual tunnelling.  
 
The background shows that it is quite important to 
know the reinforcing mechanism of forepoling and 
facebolts, and then establish rational design criteria 
for both.  
 
I am especially interested in the deformation change 
with support pressure decrease and also its 
difference between forepoling and facebolts, which 
has been investigated with beam centrifuge tests and 
3-dimensional numerical analysis (FLAC3D). The PIV 
analysis with my past centrifuge tests has given 
interesting results for displacement vectors around a 
model tunnel. Moreover, I hope to evaluate the 
effects of the tunnel reinforcement parameters: bolt 

length, diameter, spacing, material (stiffness) and 
arrangement.  
 
My research work will be supplemented with field 
tests for facebolts in Japan during the 3rd year. 
 
 

 
 
Mohammed Z B Elshafie 
Hughes Hall 
 
Supervisor: Professor Robert Mair 
Year: 3rd 
PhD Topic: Effect of Building Stiffness on 

Excavation-Induced Displacements 
 
In recent years, increasing attention is being given to 
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 results in displacement 
profiles in the soil mass behind the wall. The 
assessment of the influence of these construction 
processes including the excavation geometry on 
buildings and other structures has become an 
important and costly environmental issue. There is, 
therefore, a pressing need for research in the 
performance of structures subjected to excavation-
induced displacements.  
 
MPhil Degree: Through a series of finite element 
analysis the interactivity between the excavation-
induced displacements and structures was 
investigated and proved that the problem is of 
interactive nature i.e. the existing structures affect 
the ground displacements due to excavation 
construction. This influence was quantified through 
two stiffness parameters through which design graphs 
to estimate the likely movements that occur in the 
ground were proposed. 
 
PhD Degree: Investigation of the effect of the ground 
movements (and the estimation of the likely damage 
to existing structures) due to excavation 
construction will be investigated widely through a 



series of centrifuge models. The main objective of the 
research is to quantify the effect of the structures on 
ground movements through a number of 
investigations summarised below: 
 
• Effect of the weight of the structure on ground 

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

ground movements. 
 
• Effect of different foundation types on the ground 

movements. 
 
• Effect of the interface between the structure and 

the ground. 
 
It is aimed to use the data collected through the finite 
element work done as part of the MPhil degree 
together with the data from the centrifuge models 
and available field data to come to comprehensive 
conclusions which contribute to estimating the 
potential damage that may occur to structures from 
nearby excavation construction. 
 
Publications in 2005: 
 
1. Elshafie, M.Z.E.B., Choy, C.K. and Mair, R.J. (2006), 

Finite Element and Centrifuge Investigations of 
Excavation-induced Ground Movements. Accepted for 
publication – International Conference on Physical 
Modelling in Geotechnics, Hong Kong. 

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

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

 
 
 
 
 
 
 
 

 
Eduard Vorster receives the 2005 Philip Turner prize 
from Professor Mair 

 
 
Khalid Gafar 
Churchill College 
 
Supervisor: Dr Kenichi Soga 
Year: 3rd 
PhD Topic: Fundamental Study of Soil -Grout 

Interaction in Soils 
 
My research investigates the interaction between soil 
and grout in order to gain more confidence when 
taking decisions to adopt grouting. The main purpose 
of the research is to relate injection characteristics to 
grout characteristics and soil properties. Large-scale 
experimental work is in progress. It involves injection 
of cement-bentonite grout mixes into an 850 mm 
diameter tub containing fraction D Leighton Buzzard 
silica sand under a 100 kPa surcharge pressure. 
 
My 2nd year in Cambridge was spent acquiring the 
instruments needed for my experimental work and 
conducting many cavity expansion analyses using 
MatLab software so as to gain enough knowledge 
about grout injection processes. Towards the end of 
the 2nd year, my experimental set-up was complete 
and is now up and running. In order to investigate the 
different factors associated with grout injection, many 
tests were carried out. So far, five injection trials 
have been conducted under different confinement 
conditions and injection rates. The grout mix used 
was OPC-bentonite of a water/cement ratio of 0.5. 
Bentonite percentage was 4% by weight of water. 
Red and orange colour concrete pigments (5% by 
weight of cement) were added to the grout mix in 
the first two trials, which were conducted under no 
confinement, so as to give the grout a distinctive 
colour. In the trials which were conducted under 
confinement, 3 successive injections were performed 
in each trial, with the injection tube withdrawn 
towards the consolidometer wall by 25 mm after the 
first and second injection. 
 
The results reflect the importance of the effect of 
confinement and injection rate on the outcome of the 
injection process. Under no confinement, the injected 



grout flew freely upwards and backwards, following 
the path of least resistance. The shape of injected 
grout was irregular, with visible fingering. The 
readings of the Pore Pressure Transducers (PPTs) 
showed a negative pore pressure generated during 
injection. As the sample was densely packed, the sand 
exhibited dilative behaviour in the absence of 
confinement. The change in injection rate resulted in 
a remarkable change in the shape of injected grout. 
The injection trials under confinement resulted in a 
more regular shape of injected grout. Slower 
injection rates resulted in spherical grout bulbs; 
indicating a cavity expansion process. Faster injection 
rates gave less uniform shapes of injected grouts, 
with some traces of fingering on the top surface of 
the grout bulb. 
 
Future work will involve investigating the effect of 
water-cement ratio on OPC-bentonite grouts 
behaviour in soil. Sand-silt soil models of different 
densities will also be tried. The bleeding effect on 
grout mobility in soil will be tackled. The method of 
dynamic grout injection, in which the injection 
pressure is intentionally oscillated, will be introduced 
as a means of controlling grout behaviour in soil. 
Numerical simulations will also be carried out in 
order to investigate the effect of boundary conditions 
and soil properties on grout injection. The overall 
pore water pressure distribution will also be studied. 
 
Publications in 2005: 
 
1. Soga, K., Ng, M. Y. A. and Gafar, K. (2005); Soil 

Fracturing in Grouting; 11th International Conference 
of the International Association of Computer 
Methods and Advances in Geomechanics, Torino. 

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

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

 
3. Soga, K., Gafar, K., Ng, A. (2006); Macro and Micro-

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

 
 
 

 
 
Lian Liu 
St Edmund College 
 
Supervisor: Dr Kenichi Soga 
Year:  1st 
PhD Topic: Soil permeability, pressuremeter 
test, sand model 
 
I graduated from Capital University of Economics and 
Business (China, Beijing) with a Bachelor Degree in 
Environmental Engineering in 2003. After one year of 
study at Imperial College London, I received my MSc 
degree in Environmental Technology. I joined the 
Geotechnical Engineering Group in 2005 as a PhD 
student under the supervision of Dr. Kenichi Soga, 
and my research is funded by Cambridge Insitu Ltd 
and Cambridge Overseas Trusts. 
 
Research description 
 
My research project can be generally divided into 
three parts. The self-boring pressuremeter has been 
widely used in testing horizontal pressure, and the 
test data can be also used to derive friction angle and 
dilation angle. However, it has been recognised that 
the disturbance during the drilling process inevitably 
affects the testing results. My research will focus on 
measuring the disturbance effects with numerical 
modelling techniques (the Strain Path Method) and 
how to minimise the disturbance effects whilst the in-
situ test is proceeding.  
 
The self-boring pressuremeter can be re-equipped as 
a self-boring permeameter with mild alterations. This 
instrument has been used in industry for testing soil 
permeability. However, by using traditional 
procedures and methods during testing, some strange 
and unrealistic results were observed. Hence, my 
work will continue previous work to improve the 
permeability test technique in order to make the 
testing more reliable and push the testing instrument 
into common industrial use.  
 
Since a self-boring pressuremeter can be used under 
various working conditions, e.g. from soft clay to 
weak rocks, another application of this instrument is 
that, by analysing accurate in-situ testing data, soil 
mechanicians can precisely describe soil behaviour 



and derive the soil properties. Nowadays, based on 
the data obtained from real projects, how sand 
behaves during the unloading stage of the instrument 
has not been mathematically described. I will work on 
pressuremeter testing in sand, and undertake 
unloading and loading analysis. 
 
 

 
 
Alec Marshall 
Jesus College 
 
Supervisor: Professor Robert Mair 
Year:  1st 
PhD Topic: Effect of Tunnelling on Buried 

Structures 
 
Though my research is just beginning at Cambridge, I 
have been involved in the fields of geotechnics and 
underground construction since 2001, when I began 
my MASc at the University of Waterloo in Ontario, 
Canada.  My chosen research looked at the effects 
that certain types of trenchless technologies (a group 
of specialist underground pipeline construction 
/rehabilitation techniques) have on surrounding soils 
when working near the ground surface.  I then 
worked for Mott MacDonald in London within their 
Tunnels Division for two years, during which time I 
worked on many interesting tunnelling projects, 
including the extension of the Piccadilly and 
Heathrow Express Line tunnels at the new London 
Heathrow Terminal 5. 
 
My current research incorporates two features of 
underground construction that I feel deserve more 
attention; the construction of large underground 
tunnels (for motorways or sub-way systems, for 
example) in urban areas where the availability of 
underground “real-estate” is becoming increasingly 
sparse, and the ensuing effects that this construction 
has on existing buried structures (other tunnels or 
pipelines).  I will be using the beam centrifuge at the 
Schofield Centre for physical testing of various 

tunnel/pipeline configurations and will also be 
incorporating the use of GeoPIV into my tests in 
order to obtain a comprehensive view of the 
deformational effects that tunnelling has on other 
buried structures.  Additionally, I am also pursuing 
the possibility of obtaining field data which could 
benefit my research.  
 
I owe a sincere thanks to Mrs K Sutherland and all 
others that contributed to the K Sutherland 
Memorial Scholarship, without which I would not 
have been able to attend Cambridge University.  My 
thanks also to NSERC in Canada, and the ORSAS and 
BTS here in the UK. 
 
 

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

geotechnical activities using fibre optic strain 
measurement system 

 
In civil engineering, monitoring has become one of 
the essential tools in evaluating the real-time stability 
and serviceability of a structure. Smart structure, a 
more widely used term to relate integrated structural 
monitoring, has been implemented on many civil 
engineering structures such as bridges, dams, tunnels, 
etc.  Many of them now incorporate optical fibre 
sensing as the primary tool in their monitoring 
system. Unlike conventional strain gauges which are 
point strain measurement, optical fibre sensors are 
more versatile as they can be used to undertake any 
form of strain measurement, which is point, quasi-
distributed, and fully distributed. In a distributed sensor, 
the whole optic fibre is the sensor itself. My research 
project will involve monitoring and assessing the 
performance of geotechnical structures such as piled 
foundations and tunnels using a method called 
BOTDR, a distributed optical fibre strain sensor 
whose operation is based on Brillouin scattering. The 
BOTDR equipment that we use can measure strains 
continuously over 10km with accuracy down to 30µε. 
 



The applicability of distributed optical fibre sensors in 
monitoring deformation of an old brick-lined tunnel 
in London due to the advancement of a new tunnel 
constructed obliquely underneath the old tunnel was 
demonstrated in a field trial conducted in early 2005. 
The new tunnel was constructed as part of the 
Channel Tunnel Rail Link’s (CTRL) Section 2 
Contract 103 (C103) under the King’s Cross Railway 
Land. Measurement results showed that there were 
movements of more than 1000µε and at some 
section of the tunnel the movement was more than 
2000µε when the optical sensors were installed along 
the circumferential section of the tunnel. However, 
there was no major damage recorded to the old 
tunnel. 
 
In piled foundation applications, optical fibres were 
installed in bored piles to obtain the full strain 
distribution along the length of the pile. Working 
alongside Skanska Cementation, one pile was 
successfully instrumented in Bankside 123, London 
for long term pile bearing monitoring. There were 
also several other types of sensors installed in this 
pile by other research groups (City and Cranfield 
Universities) which include vibrating wires strain 
gauges and fibre Bragg gratings. Earlier results 
indicated that the distributed optical fibre sensors 
were able to show some tensile strains development 
along the bottom part of the pile. There was also 
some highly localised tensile strain profiles recorded 
in the bottom of the pile especially during the curing 
stages suggesting that there might be some cracking 
phenomenon occurring during the curing process.  
 
In Paddington and Farringdon, several piles were 
instrumented to assess the piles performance for a 
future tunnelling project constructed nearby. The 
field sites are located along the path of the proposed 
Cross London Rail Links (Crossrail) project and 
should provide valuable data on how the piles would 
deform when the tunnel is constructed adjacent to 
the piles. In Belgravia, London SW1, optical fibres 
were installed in a diaphragm secant wall to monitor 
lateral deformation of the wall. 
 
Working in many field trials has provided valuable 
experience and chances to use several techniques of 
how the optical fibres are attached to the measured 
host. For example, optical fibres can be attached 
either continuously bonded to the measured host or 
by having the optical fibres fixed at a certain interval 
points. These techniques provide different distributed 
strain profiles. In the case of having the optical fibres 
embedded into a host structure, i.e. reinforced 
concrete, optical fibres can either be attached to 
reinforcing bars or just imbedded in the concrete 
themselves. These various techniques of attachments 
need to be verified and calibrated. Therefore, this 
year I am planning to run several experiments such as 
embedding the optical fibres in a concrete beam with 
transverse loadings for verifications on how we install 
optical fibres in concrete piles, calibrations on various 
types of optical cables for temperature 

compensation, and finding out the appropriate gauge 
lengths for point fixation methods. In addition to that, 
I will also be continuing visiting the sites for constant 
data collection. 
 

Figure 1: One of the steel cages that was set up for the 
installation of fibre optic cables in the piles  
 

 
Figure 2:  View of the construction site of the secant piled 
wall in 21-24 Chesham Place, Belgravia, London 
 
 
 
 
 
 
 



 
 
Man Yin Albert Ng 
Churchill College 
 
Supervisor: Kenichi Soga 
Year: 2nd 
PhD Topic: Principles of fracturing in 

geomaterials 
 
I am now in the second year of my PhD research, 
investigating the principles of fracturing in 
geomaterials, which is funded by Cambridge 
Overseas Trust, EPSRC, Research Grants Council of 
Hong Kong, and Research Consortium for Methane 
Hydrate Resources in Japan (MH21 Research 
Consortium).  
 
I have been working on the hollow cylinder fracturing 
tests of cement bentonite to investigate the effect of 
different factors such as confining pressure, stress 
anisotropy and fluid injection rate. Cavity expansion 
was simulated by using a rubber membrane enclosing 
the injection fluid. Distinct fracture can be observed 
in the tested samples and convincing results have 
been obtained. A numerical model using finite 
difference code FLAC has been developed to 
simulate the coupled deformation-flow mechanism in 
fracturing. However, the initial model considered 
only idealised materials, i.e. perfectly elastic and 
tensile fracture criteria.  
 
I had two academic trips over the last year. I joined 
the Fifth International Conference on Gas Hydrates 
in Trondheim, Norway and I had a visit to the Centre 
for Gas Hydrate Research, Heriot-Watt University, 
Edinburgh.  
 
I am currently working on three papers, which 
concern coupled-deformation flow analysis for 
methane hydrate wells (with Dr Assaf Klar and Dr 
Kenichi Soga), engineering properties of natural 
methane hydrate sediments (with Tricia Lee and Dr 
Kenichi Soga) and fracturing in particular media (with 
Dr Kenichi Soga, Khalid Gafar).  
 
Future work will include the completion of the 
hollow cylinder fracturing test of cement bentonite 
and kaolin with seepage under different stress 
conditions and fluid injection rates. Triaxial tests of 

respective materials will be conducted to investigate 
their constitutive behaviours. Numerical models 
simulating the fracturing process will be improved to 
account for different fracture criteria such as fracture 
toughness and different constitutive models. The 
model will then be used to simulate the fracturing 
experiments and further extended to look at the 
enhancement of methane hydrate production treated 
by fracturing. 
 
Publications in 2005: 
 
1. Soga, K., Ng M.Y.A., Gafar, K. (2005); Soil fractures 

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

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

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

 

 
Visit to the Centre for Gas Hydrate Research, Heriot-Watt 
University 
 
 
 
 
 
 
 
 
 
 
 



 
 
Dimitrios Selemetas 
Trinity Hall College 
 
Supervisor: Dr Jamie Standing 
Year: 5th 
PhD Topic: Pile response to tunnelling 
 
There are three important moments during a PhD: 
The first is the moment when you produce a plot 
based on your measurements or theory that is 
original, it makes sense and it is useful. The second 
important moment is when you submit your PhD 
thesis at the Board of Graduate Studies and finally 
there is the precious moment when you receive 
congratulations from your examiners after passing 
your viva. During 2005 I was fortunate to experience 
the first two moments. The third moment came on 
the cold evening of 17 January 2006 putting a happy 
end on an ambitious research project which started 
in October 2001. The project involved the planning 
and execution of a full-scale study investigating the 
response of full-scale piles and piled structures to 
tunnelling-induced movements. The research was 
supported by the EPSRC and the UK industry. 
 
The fieldwork took place at Contract 250 of the new 
Channel Tunnel Rail Link (CTRL) in Dagenham, 
Essex. The contract involved the construction of 
5.2km of twin 8m diameter tunnels using Earth 
Pressure Balance (EPB) machines. Tunnelling at the 
site of interest took place through London Clay. The 
fieldwork comprised the following aspects: 
 
1. The installation, loading and monitoring of four 

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

 

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

 
3. Precise levelling on two piled structures situated 

along the CTRL route and close to the 
instrumented piles.  

 
The results of this study showed that the settlement 
of single piles due to tunnelling can be correlated 
with the settlement of the ground surface, as shown 
in Fig. 1. Piles with their bases in Zone A were shown 
to settle 2-4mm more than the ground surface (R > 
1). Piles with their bases in Zone B (defined by an 
angle of 45 degrees between zones A and C) settled 
by the same amount as the surface (R = 1). Finally, 
piles with their bases in Zone C were found to settle 
less than the surface (R < 1). 
 
It has also been observed that piled structures settle 
in some cases by the same amount and pattern as the 
surrounding ground surface (S1 in Fig. 2) and in other 
cases they follow a Gaussian distribution 
corresponding to a subsurface level along the length 
of the piles with the limiting case being the settlement 
trough predicted at pile toe level (S2). The magnitude 
of vertical displacements induced on the piled 
structures by tunnelling relative to the surrounding 
ground settlement was found to be dependent on the 
position of the pile toes relative to the tunnel axis 
and the induced volume loss. Fig. 2b shows a 
composite version of the two curves giving the 
maximum of the two settlements predicted by S1 and 
S2 at each offset from the tunnel centre-line. This 
curve (S3) could be a useful tool in the initial 
assessment stage of the likely risk of damage due to 
tunnelling on a piled structure, as a worst-case 
scenario. 
 
My next step, now that I have completed my PhD, 
has been to join the Foundations and Geotechnics 
division of Mott MacDonald at Croydon. I look 
forward to continuing my Soil Mechanics education in 
the real word, but my heart will always be in 
academia. 
 

 
Figure 1:  Zones of influence for single piles above an EPB 
tunnel relating pile settlement to ground surface 
settlement. 



 

 
Figure 2:  Zones of influence for piled structures above an 
EPB tunnel showing predictions of ‘greenfield’ ground 
settlement at pile toe level and ground surface. 
 
Publications in 2005: 
 
1. Selemetas, D., Standing, J.R. and Mair, R.J. (2005). 

The response of full-scale piles to tunnelling. 
Proceedings of the 5th International Conference of TC28 
of the ISSMGE on the Geotechnical Aspects of 
Underground Construction in Soft Ground, 
Amsterdam, 15-17 June. 

 
 

 
 
Eduard Vorster 
Fitzwilliam College 
 
Supervisor: Professor Robert Mair 
Year: 3rd 
PhD Topic: The influence of tunnelling on 

buried pipelines 
 
Introduction 
I completed a Bachelors in Engineering (BEng)(Cum 
Laude) at the University of Pretoria in South Africa in 
1997 and started working for AFRICON, a large civil 
engineering and infrastructure company in South 
Africa, in 1998. During the 4.5 years I worked for 
AFRICON I have been involved in a number of large 

transportation and building projects. It was, however, 
particularly the geotechnical face of these projects 
that fascinated me. I enrolled part time for an 
Honours Degree in Geotechnical Engineering at the 
University of Pretoria and achieved a 
BHons(Geotechnical Engineering)(Cum Laude), in 
2001. After working for 4.5 years in civil engineering 
practice I started my PhD at The University of 
Cambridge in October 2002. My project, The Effect of 
Tunnelling on Buried Pipelines, is funded by the 
Cambridge MIT Institute (CMI) and aims to 
contribute to one of CMI's flagship projects to 
investigate the sustainable operation and maintenance 
of ageing infrastructure.  
 
Research Objective 
Most large cities in the world contain an intricate 
web of pipelines, subways and other services, which 
complicates any assessment of the operational life of 
existing utilities. In conjunction with issues such as 
corrosion, it is frequently almost impossible to 
provide a sound judgement on the effect of third 
party influences on specific utilities. For this reason 
utility owners may impose stringent restrictions on 
development of infrastructure near existing utilities. 
In the same vein, developers do not always have the 
design tools to properly show that a proposed 
development is safe.  
 
My research project aims to provide utility 
companies, engineers and developers with a means of 
understanding the mechanisms at work during soil-
pipeline-tunnel interaction. On completion of the 
project we hope to provide guidelines for assessing 
the risk of soft ground tunnelling near existing 
pipelines and provide additional tools to incorporate 
in design. We also aim to provide contractors with 
indicative guidelines on safe problem geometries (e.g. 
the distance between a new tunnel and existing 
utilities), risk zones and other applicable means of 
ensuring safe construction for the given problem. 
From a monitoring point of view, we aim to provide 
qualitative contributions toward assessing potential 
ranges of monitoring, applicable variables to monitor 
and actual positions of monitoring to enable assessing 
the problem effectively.  
 
Research: A Phased Approach 
The project was undertaken in three stages, some of 
which have run parallel over the last three year 
period between October 2002 and Summer 2005: 
 
1. During the first stage a series of eleven centrifuge 

model tests were performed whereby three 
model pipes depicting three large diameter 
prototype pipelines, varying over three orders of 
magnitude bending stiffness (EI) and two orders in 
axial stiffness (EA), were subjected to volume loss 
by means of a model tunnel. The model pipelines 
represented similar bending stiffnesses to 28" and 
48" cast iron and 2.7 m steel pipelines at 
prototype scale.  Both continuous and jointed 
pipelines were tested.  The experiments were 
carried out in sand, during which time subsoil 



settlement of the soil far away from the model 
pipeline, surface settlement, pipeline settlement, 
earth pressure, pipe bending moments and axial 
strain (in the last test) were recorded.  Among 
other things, the centrifuge stage of the work 
helped identify the mechanisms at work when 
continuous and jointed pipelines interact with the 
surrounding soil during tunnel-induced ground 
movement.  It indicated the development of 
relative pipe-soil rigidity and was used to validate 
the numerical modelling in Stage 2. 

  
2. Stage 2 was carried out concurrently with the 

centrifuge tests in Stage 1. Pipe-soil interaction 
was modelled in a two-dimensional elastic 
continuum spring system and a design method 
was formulated based on elasticity.  Modelling 
results were validated by means of centrifuge test 
results. This phase also provided better 
understanding of the importance and 
development of pipe-soil rigidity and the impact it 
has on the analysis and data gathering phases of 
design.  Guidelines were formulated whereby the 
balance of gathering data about the expected 
greenfield ground movement (which is the load 
induced to the pipe) vs. the interaction analysis 
effort could be established when investigating the 
effect of tunnelling on continuous pipelines. 

 
3. Stage 3 entailed testing and further developing 

hypotheses and findings made during the first two 
stages by means of a field case.  Field monitoring 
of the effect of a pipe jack operation on an 
existing, decommissioned, 30” lined cylinder 
water main at Chingford, North London was 
conducted between January and March 2005, 
employing both conventional settlement rods and 
novel fibre optic sensors using Brillouin Optical 
Time-Domain Reflectometry (BOTDR) 
technology.  Although the pipe jacking was 
performed in London Clay, good agreement with 
the centrifuge test results was found and enabled 
formulating design guidelines for jointed pipelines. 

 
Industry Involvement 
To maintain a practical perspective this CMI project 
worked in close association with London 
Underground Limited (LUL) and RWE Thames 
Water. Our collaboration with MIT led to the 
development of a sensor system for the monitoring 
of longitudinal settlement in the Victoria Line. 
Working closely with RWE Thames Water we were 
also able to successfully employ BOTDR fibre optic 
technology for pipeline monitoring.  
 
Publications in 2005: 
 
1. Vorster, T.E.B., Klar, A., Soga, K., and Mair, R.J. 

(2005) Estimating the effects of tunnelling on existing 
pipelines. GT/2004/023838 (accepted for 
publication in the ASCE Journal of Geotechnical 
and Environmental Engineering). 

 

2. Vorster, T. E. B., Mair, R. J., Soga, K., Klar, A. 
(2005).  Centrifuge Modelling of the Effect of 
Tunnelling on Buried Pipelines: Mechanisms Observed.  
Proc. Fifth International Symposium TC28 - 
Geotechnical Aspects of Underground 
Construction in Soft Ground, 15th-17th June.  
Amsterdam, The Netherlands. 

 
 

 
 
Jarungwit Wongsaroj (Ming) 
Hughes Hall 
 
Supervisor: Dr Kenichi Soga 
Year: 5th 
PhD Topic: Three-dimensional finite element 

analysis of short and long-term ground response 
due to shield tunnelling 

 
Recently, three-dimensional finite element analysis 
has become popular as a tool for predicting and 
analysing problems related to tunnelling.  
 
Most of the finite element analyses carried out have 
assumed undrained conditions and therefore could 
only represent the short-term ground response. This 
research extends the analyses to the consolidation 
phase, which allows the flow of pore water to be 
taken into account during and after tunnel 
construction, and hence predicts the long-term 
ground response. 
 
A sophisticated critical state soil model has been 
implemented with a subloading surface which allows 
the behaviour of overconsolidated soil to be 
modelled more accurately. Its ability to model plastic 
strain within the yield surface shows a more accurate 
prediction of changes in the pore water pressure 
when modelling triaxial tests.  Change in pore water 
pressure is an importance source of the long-term 
ground response; hence it is thought that the soil 
model will predict better the ground response in the 
long-term.  
 



Many published laboratory tests have shown that 
London Clay is an anisotropic material, and therefore 
should be modelled using an anisotropic soil model. 
Hence a transversely anisotropic subloading surface 
soil model is being implemented in order to 
investigate the effect of soil anisotropy on the short 
and long-term ground response due to tunnelling. 
 
The research currently involves carrying out 
consolidation-linked three-dimensional finite element 
analyses with isotropic and anisotropic subloading 
surface soil models, using the geometry of St. James’s 
Park greenfield site to evaluate the capability and 
limitations of three-dimensional finite element 
analysis. At this site the tunnels were constructed 
with the aid of an open face shield machine. 
Comparison with the detailed field data obtained 
from the site will be made and discussed. Parametric 
studies are also carried out to look at the influence of 
the stiffness anisotropy, coefficient of earth pressure 
at rest, magnitude of permeability, excavation speed 
and the depth of the tunnel on the short-term 
ground response. The analyses are then carried out 
further into the consolidation period to look at the 
long-term ground deformations and the variation in 
tunnel lining load. The following parameters are 
investigated for the long-term analysis: magnitude of 
excess pore  pressure caused by excavation, pattern 
of excess pore pressure, and the relative permeability 
of lining and soil including soil anisotropic 
permeability.  
 
Having carried out some parametric studies above, 
the next aim is to try to see whether it is possible to 
create a design chart for tunnel excavation with an 
open face in London Clay. If so, the magnitude and 
mechanism of ground deformation in short and long-
term, and the expected tunnel lining load, could easily 
be determined from the design chart. 
 
 



2005 Geotechnical Seminars 
 
Lent Term 2005 
 
Predicting ground movements in clay during 
construction. 
Ashraf Osman (CUED) 
 
Soil-pipeline interaction at the seabed. 
Johnny Cheuk (CUED) 
 
Physical modelling of excavations. 
Dr Andrew McNamara (City University, London) 
 
Interpretation of centrifuge piezocone tests in silica 
flour. 
Marcelo Silva (CUED) 
 
Long term tunnelling induced ground response in 
over consolidated clays. 
Ming Wongsaroj (CUED) 
 
Efficient remediation of a brownfield site. 
Martin Lambson (BP) 
 
Investigation of stalic liquefaction of loose fill slopes. 
Prof Charles Ng (Hong Kong University of Science and 
Technology) 
 
 
Easter Term 2005 
 
Development of composite DMM column and its 
application in China. 
Professor David Zheng (Tianjin University, China) 
 
The effective stress analysis of undrained processes in 
soil. 
Dr Aleksander Spasojevic (CUED) 
 
Anisotropic stiffness of weathered materials and its 
influence on ground deformations. 
Prof Charles Ng (Hong Kong University of Science and 
Technology) 
 
Soil conditioning in tunnelling and pipe jacking. 
Xavier Borghi (CUED) 
 
Collapse of the Nicoll Highway, Singapore. 
Alison Norrish (Arup, London) 
 
The engineering behaviour of two residual soils from 
Malaysia. 
Yow Loong Kok (CUED) 
 
Implementation on the wet soil mixing method in 
organic soils. 
Francisco Hernandez-Martinez (CUED) 
 
 
 
 
 

 
 
Michaelmas Term 2005 
 
Analysing the micro-mechanics of granular materials 
by coupling DEM simulations with physical tests. 
Dr Catherine O'Sullivan (Imperial College, London) 
 
The effect of tunnelling on buried pipelines. 
Eduard Vorster (CUED) 
 
Foundations for offshore wind turbines. 
Prof Guy Houlsby (University of Oxford) 
 
Horizontal arching on retaining structures. 
Yen Chua (CUED) 
 
An investigation into electricity tower foundation 
performance - field monitoring and physical 
modelling. 
Dr David Richards (University of Southampton) 
 
A selection of Swiss soils. 
Prof Sarah Springman (ETH Zurich, Switzerland) 
 
Centrifuge modelling of liquefaction techniques for 
existing buildings. 
Helen Mitriani (CUED) 
 
Durability of soil-mixed soft clays. 
Abir Osman (CUED) 
 
 
 



2005 Visitors 
 
Professor David Zheng 
Tianjin University, China 
 
Prof Charles Ng  
Hong Kong University of Science and Technology 
 
Dr Susie Gourvenec 
Centre for Offshore Foundation Systems, University of Western Australia, Perth 
 
Dr Fuminao Okumura 
Railway Technical Research Institute, Japan 
 
Ms Haruna Suzuki 
Tokyo Institute of Technology, Japan 
 
Ms Emiko Takahashi 
Tokyo Institute of Technology, Japan 
 
Mr Gento Yamahata 
Tokyo Institute of Technology, Japan 
 
Mr Yuki Motoyoshi 
University of Tokyo, Japan 
 
Mr Rui Bando 
Chuo University, Japan 
 
Mohammad Norouz-Oliaie 
Sharif University of Technology, Department of Civil Engineering Tehran, Iran 
 
Danuta Lesniewska 
Polish Academy of Sciences, Institute of Hydro-Engineering, Gdansk 
 
Gabriele Pepe 
University of Naples, Italy 
 
Professor Sarah Springman 
ETH Zurich, Switzerland 
 
 



Leavers in 2005 
 

 
Dr Masoud Bonab 
To: Assistant Professor at Tabriz University, Iran 
 

 
Dr Lis Bowman 
To:  Senior lectureship at University of Canterbury, 

New Zealand 
 

 
Dr Andrew Brennan 
PhD Title: Accelerated ageing of cement 

stabilised/solidified contaminated soils with elevated 
temperatures 

To:  Lectureship at University of Dundee, Scotland 
 
 

 
 

 
Dr May Chan 
PhD Title: Photocatalytic Remediation of 

 organics in groundwater 
 

 
Dr Yi-Pik (Helen) Cheng 
To:  Lectureship at University College, London, UK 
 

 
Dr Johnny Cheuk 
PhD Title: Soil-Pipeline Interaction at Seabed 
To:  Lectureship at City University of Hong Kong 
 

 
Dr Gary Choy 
To:  Geotechnical Consulting Group, London, UK 
 



 
Dr Cedric Kechavarzi 
To:  Cranfield University, Bedfordshire, UK 
 

 
Dr Assaf Klar 
To: Senior Lectureship at Technion – Israel Institute 

of Technology, Haifa, Israel 
 

 
Dr Indu Kulasooriya 
PhD Title: Remediation of DNAPL using 

Surfactant flushing-Mass flux approach 
 

 
Y S (Ricky) Lee MPhil 
MPhil Title: Centrifugal Modelling of Landslides 

Triggering Mechanism in Layered Filled Slopes 
To:  Post doctoral position at City University of 

Hong Kong 
 

 
Dr John Page 
PhD Title: A Mass Flux and Partitioning Tracer 

Concept for DNAPL Source Zone 
Characterisation 

To:  Celtic Engineering, Wales 
 
 
 
 



 
Dr Ramesh Perera 
PhD Title: The Role of Accelerated Carbonation 

in the Ageing of Cement-Based Stabilised 
/Solidified Contaminated Materials 

 

 
Dr Marcelo Silva 
PhD Title: Numerical and Physical Models of rate 

effects in soil penetration 
 

 
Dr Aleksandar Spasojevic 
To:  Gifford Services, Southampton, UK 
 

 
Dr Eduard Vorster 
PhD Title: The Effects of Tunnelling on Buried 

Pipes 
To:  Africon Engineering International (Pty) Ltd, 
Pretoria, South Africa 
 
 



Chris Collison our Senior Chief Technician retired in September 2005. 
Chris was pivotal to the experimental work being carried out in geotechnical 

centrifuge testing, developing ingenious solutions for the PhD and post doctoral 
researchers over a period of 35 years. 
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Contact addresses: 
 
Department of Engineering 
University of Cambridge 
Trumpington Street 
Cambridge 
CB2 1PZ 
United Kingdom 
 
Schofield Centre 
Department of Engineering 
University of Cambridge 
High Cross Site 
Madingley Road 
Cambridge 
CB3 0EL 
United Kingdom 
 
Research Group Administrator 
Amanda Pyatt 
Telephone 01223 332717 
 
Administrator to Prof. R.J. Mair 
Zelda Stuck 
Telephone 01223 332653 
 
Administrator to Prof. M.D. Bolton and 
Manager of the Schofield Centre 
Anama Lowday 
Telephone 01223 742365 
 
To obtain further copies of the year book 
contact Anama Lowday 
al326@eng.cam.ac.uk 
 
Visit our website: 
http://www-civ.eng.cam.ac.uk/geotech.htm 




