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Geotechnics

The group has built up a significant international 
reputation for teaching, research and innovation 
in soil mechanics and geotechnical engineering. 

Today, ambitious civil engineering projects, including deep 
foundations, basements and tunnelling, are being undertaken 
on a scale not previously realised in Ireland and the group 
is playing an active role in the realisation of  these projects. 
Through its research activities, the group strives to promote 
innovation and reduce costs in the ground engineering 
sector, as well as designing for minimum waste, conserving 
natural resources and reducing nuisance to communities and 
the environment in order to increase sustainability in the 
construction industry.
The group places a major emphasis on nurturing the 
development of  strong analytical and R&D skills through 
a very active programme of  teaching and through both 
fundamental and applied research. It also regularly publishes 
its findings in the best international journals and conferences 
including, over the last five years alone, more than 120 
technical publications and reports. 

Research portfolio
The research portfolio of  the group has developed rapidly 
over recent years and has broadened to encompass the related 
areas of  environmental geotechnics, waste management 
and geohydrology in the drive to achieve greater levels of  
sustainability and to protect the environment during ground 
engineering works. 

Examples of  innovation and the drive for sustainability in 
the ground engineering sector being championed by the 
group, include the use of  finite element numerical methods 
to predict the performance of  road and railway embankments 
constructed on soft ground; studies on the mass stabilisation 
of  underlying peat and soft mineral soils; the re-use of  locally 
available but marginal, poor-quality fills during embankment 
construction; and also the enhancement in stability achieved 
by incorporating geomembrane reinforcement layers  
(Figure 1, a and b). Field studies on the performance of  
augered and driven piles and the relatively new jacked-
in-place installation techniques for pile foundations, 
particularly for Irish soils, have led to the development of  
more reliable and economical designs. Load cells, strain 
gauges and miniature lateral earth pressure and porewater 
pressure sensors are included along the pile length.  A 
fundamental understanding of  the development of  the pile 
capacity in different ground conditions has been gained from 
measurements of  the relative magnitudes of  the shaft and 
base resistances mobilised by the test piles. Comprehensive 
laboratory studies on the characterisation and measurement 
of  the geo-engineering properties of  municipal water and 
wastewater residues, mining and other industrial sludges 
have led to safer containment and landfill-disposal practices. 
Extensive measurements of  the bearing capacity, stiffness and 
deformation responses of  Dublin Boulder Clay have led to the 
development of  improved constitutive models that give more 
reliable predictions of  the load-settlement behaviour and soil-
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Figure 1(a): Mass stabilisation of peat. Figure 1 (b) Reinforcement of steepened embankment slopes. 
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structure interactions during ground engineering works in the 
Dublin area. 
Original studies on the stress-strain behaviour of  peat, 
including the development of  sophisticated test apparatus 
to measure its shear strength and deformation response at 
low levels of  effective stress using optical techniques, have 
led to a better understanding and more reliable stability 
calculations for peat slopes and bogs. Numerical studies on 
the groundwater recharge response during short- and long-
term de-watering events in large glacial aquifers (including 
the development of  test methods to accurately determine the 
in situ permeability) have been used in conjunction with the 
finite element method to accurately predict the impacts of  
major ground engineering works on the natural groundwater 
regime.  For example, the design of  the earthworks for the 
Kildare bypass, which included a significant section in deep 
cutting, included studies by the group on the short- and 
longer term impacts on the phreatic levels throughout the 
Kildare aquifer (Figure 2). Fundamental laboratory research 
carried out on the mechanical response of  ground foundations 
under cyclic and multi-directional loading, in particular the 
constitutive and yield behaviour under generalised stress 
conditions, has made a major contribution to the design of  
foundations for tall eccentrically-loaded structures, offshore 
and near-shore structures and for pavements. 
More reliable soil constitutive models have also been 
developed and validated against monitoring data from field 
trials involving pad footings and instrumented excavations, 

including the Dublin Port Tunnel works which allows more 
accurate predictions of  the ground movements arising from 
excavations or tunnelling. This work has been extended 
into the verification of  ground models to predict the ground 
vibrations and soil-structure interaction effects due to tunnel 
boring in glacial till deposits (Figure 3, a and b). 
Finite element numerical methods incorporating these 
improved models are used in tunnel design to limit 
the ground vibrations and surface settlements, thereby 
minimising the disturbance caused to existing communities, 
structures and underground services.
The group also has significant expertise in field 
instrumentation and has contributed to the development 
of  specialised laboratory apparatus. Recent developments 
include miniature sensors to measure the suction pressures 
in partially saturated soils and a novel apparatus to measure 
the shear strength of  undisturbed peat blocks at low levels of  
effective stress leading to more reliable stability calculations 
for peat slopes and bogs. Another technique pioneered by 
the group is the use of  a high-resolution video camera in 
conjunction with ‘transparent soil’ (namely silica gel, which 
has geotechnical properties akin to natural clay) to measure 
the deformation response in 3D laboratory-scale tests.

Current R&D projects at TCD
Ground movements must be carefully controlled during 
tunnel boring beneath urban areas in order to avoid 
disturbance to existing structures and underground services. 

Construction innovation in geotechnical engineering.
Figure 1(a): Mass stabilisation of peat.
Figure 1 (b) Reinforcement of steepened embankment slopes. 
Figure 2. Passive groundwater control along 
section in deep cutting, Kildare bypass.
Figure 3. Ground deformations produced by surface 
waves: (a) Rayleigh wave (b) Love-wave.
Figure 4. Undulations along N62 secondary road in County Offaly.

Figure 2. Passive groundwater control along section in deep cutting, Kildare bypass.

Figure 3. Ground deformations produced by surface waves: (a) Rayleigh wave (b) Love-wave.
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The surface settlement trough that follows the advancement 
of  the boring machine results in arching effects around the 
tunnel bore that cause a stress redistribution from the yielding 
soil mass to the neighbouring ground. Andrew Lochaden is 
studying these arching effects and the change in the stress 
field caused by tunnel boring using fully-instrumented, 
reduced-scale models. The ultimate aim is to develop more 
efficient tunnel lining systems and thereby reduce somewhat 
the ground movements around tunnels that give rise to 
surface settlements.
Andrew Galbraith is studying the behaviour of  deep 
foundations in Dublin Boulder Clay using numerical 
modelling and full-scale pile tests, and in particular, exploring 
how interactions at the pile-soil interface affect the bearing 
capacity and load-deformation behaviour of  continuous 
flight auger piles. Juan Pablo Osorio is developing new 
design methods and novel construction techniques that can 
be used to upgrade the existing network of  rampart roads in 
the country, i.e. narrow bog roads that are raised above the 
surrounding ground due to drainage and turf  cutting along 
the road verges over many decades. 
Rampart roads experience large long-term distortions, which 
may pose significant safety hazards for vehicular traffic, and 
shoulder widening is very problematic due to the low shear 
strength and high compressibility of  the unconsolidated 
peat foundation. An interesting feature of  this research 
project, which is funded by the National Roads Authority, is 
a laboratory study and a large-scale field trial of  the vacuum 
consolidation of  peat.

Environmental geotechnics
Michael Quille is characterising the geo-engineering 
properties of  municipal water and wastewater residues as well 
as mine tailings and peat pulverised fuel ash, which are by-
products of  the extraction of  metal ores and of  the process of  
generating electricity from milled peat.
Vast quantities are produced annually and current practice 
is to store these materials, usually indefinitely, in lagoons 
or specially engineered landfills. Studies are being carried 
out to identify beneficial uses for these materials, which 
take advantage of  some of  their distinct properties. 
Examples include the use of  peat pulverised fuel ash in soil 
improvement and as a pavement sub-base material, taking 
account of  its beneficial pozzolanic properties.

Eurocode 7: Geotechnical Design Standard
A major development in geotechnical engineering during 
the latter part of  the 20th century was the preparation of  
Eurocode 7: Geotechnical Design (EC7); a limit state code, 
and one of  a new set of  harmonised European codes of  
practice for structural design that will supercede existing 
national standards by 2010. The research group has been 
heavily involved in formulating and drafting the code and 
in overseeing its implementation in Ireland, right from the 
outset in 1981. Trevor Orr was an original member, and 
for seven years, Secretary of  the drafting panel for EC7; 
then Secretary of  the Working Group for the conversion 
of  the present pre-standard version of  EC7 into a full 
European standard; and more recently Chair of  the European 
Committee responsible for the  application of  EC7. 
Eric Farrell has also been heavily involved and is currently 
Chair of  the Irish Mirror Group preparing the National 
Annex for EC7, as well as the Irish representative on the 
European Committee for Standardisation which is responsible 
for publishing the Eurocodes. In 1999, Orr and Farrell 

published the first textbook giving an explanation of  how 
geotechnical designs are carried out in accordance with EC7, 
and in 2005, Trevor Orr co-authored the Designers’Guide 
to EC7. An International Workshop on the Evaluation of  
Eurocode 7, which was attended by 55 delegates from 18 
countries, was held at TCD in 2005. William Forrest is 
continuing this strong tradition and his research work is using 
probabilistic and statistical methods to evaluate the reliability 
of  EC7 geotechnical designs compared to designs prepared 
using existing codes of  practice. EC7 allows the use of  three 
different design approaches which apply partial factors of  
safety on the actions and material parameters or resistances 
at different stages of  the design process. Design examples 
involving different loading and ground conditions are being 
prepared using the three EC7 design approaches, as well as 
the existing codes of  practice, which are then compared using 
reliability theory.

Future direction
With increasing regulation to protect the environment and 
achieve higher levels of  sustainability, the ground engineering 
sector will become more reliant on construction methods that 
maximise the use of  each site (e.g. deeper basements and 
larger foundations to support even greater foundation loads) 
whilst minimising the disturbance caused to existing 
structures. Other examples will include greater emphasis on 
future-proofing new foundations; soil remediation and the 
re-use of  existing foundations on urban brownfield sites; 
re-using marginal and poor-quality fills to reduce the soil 
volumes that must be excavated and disposed offsite; using 
ground-sourced heat pump systems to heat and cool 
buildings; more transportation tunnels and a greater use of  
trenchless technologies to install services (e.g. communication 
cables, water and wastewater pipes); as well as greater use of  
impermeable barriers in the ground to prevent leachates 
seeping from landfills or other contaminated sites.
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Dr. Brendan O’Kelly, Chartered Engineer FIEI, is 
a Lecturer and Drs. Eric Farrell and Trevor Orr, 
Chartered Engineers FIEI, are both Senior Lecturers in 
the Department of  Civil, Structural and Environmental 
Engineering, Trinity College Dublin. The Geotechnics 
Research Group welcomes new links with industry 
and enquiries from individuals wishing to undertake 
postgraduate research at either Masters or PhD 
level. Interested parties are welcome to contact                 
Brendan O’Kelly at bokelly@tcd.ie.

Engineering    Shaping Ireland’s Future  , the 
Engineers Ireland Annual Conference 2009, takes 
place at a pivotal time for the profession and the 

country.  This year’s conference in the Tullamore Court 
Hotel on April 23rd and 24th will offer serious debate and 
constructive solutions to meet the unprecedented economic 
challenges that confront us. Engineers Ireland President, 
Dr Jim Browne, believes that this year’s conference can 
make a valuable contribution to dealing with some of  the 
key issues facing the nation and engineers as a profession: 

“This year’s event brings together some of  the finest 
engineering minds from Ireland and across the world to 
offer practical solutions and clear thinking on topics ranging 
from energy infrastructure to flood water management.                                                                             

“This conference can make a serious contribution to the 
shaping of  the country’s response to its current difficulties 
and provides a unique opportunity for our engineering 
community to share problems and solutions while taking 
advantage of  the unique networking opportunities 
that the Engineers Ireland Annual Conference offers.”                                                                                             
Day One includes a detailed look at Ireland’s energy 
infrastructure which will open with a keynote address from 
the Minister for Energy, Communications and Natural 
Resources, Eamon Ryan, T.D. As the day goes on, the 
conference will address the issue of  Ireland’s knowledge 
economy. According to Dr Browne: “The knowledge 
economy strategy remains the key both to Ireland’s recovery 
and in the longer term, renewed economic growth. In the 
current climate, it is crucial that we remain steadfast in our 

commitment to that strategy and the conference will explore 
how that commitment can be sustained and strengthened.”  
Speakers on the knowledge economy will include Adrian 
Devitt from the National Competitiveness and Infrastructure 
Department, Forfás and Feargal Ó’Móráin, Executive 
Director Innovation, Commercialisation and Investment, 
Enterprise Ireland. Both speakers will deal with, respectively, 
the maintenance of  Ireland’s competitiveness and the 
transformation of  innovation into real economic growth - 
both critical objectives for Ireland’s knowledge economy over 
the next five years.  
Day Two’s three parallel sessions will focus on other key 
factors that will influence how engineering shapes Ireland’s 
future. Parallel Session 1 examines how innovation can help 
deliver infrastructure more efficiently, while celebrating 
engineering’s innovative contribution to the development 
of  the Midlands. Parallel Session 2 looks at the key role of  
education in delivering future generations of  engineers and 
includes a presentation from Engineers Ireland President 
Elect Dr Chris Horn on new approaches to the teaching of  
engineering. Parallel Session 3 focuses on the country’s flood 
water management and shows how engineering can make 
a practical difference to the quality of  life in communities 
across the country.
Dr Browne concludes:“I urge engineers young and old from 
every part of  the country to attend this year’s conference. It 
presents a rare opportunity to learn from, and share ideas 
with, some of  the most inspiring leaders from within the 
engineering community.”
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