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Active research areas/projects, including publications 
 

• Novel ground improvement techniques 

(a) Biopolymers, polyelectrolytes and microbial-induced carbonate precipitation; 

(b) Vacuum consolidation in peat deposits; 

(c) Reduction of long term compressibility of peat deposits by decomposition 
technique; 

(d) Granular columns and granular anchors 
 

• Geotechnical laboratory index testing 
 

• Studies on principal of effective stress as applied to organic soils; constitutive 
modelling of peat 

 

• Foundations for offshore structures; soil behaviour under long-term cyclic 
lateral loading 

 

• Characterisation/measurement of geotechnical properties of municipal sludges 
and residues  

 

• Environmental Geotechnics: geotechnical contributions to wetland/peatland 
conservation 
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Novel ground improvement techniques 
 Khatami & O'Kelly (2013) introduced natural polymers 
(biopolymers) as environmentally friendly and 
sustainable grouting chemicals for sands. Agar and 6 
modified starches were identified and investigated at 
concentrations of 1–4% and 0.5–1% respectively 
 

O’Kelly (2011) introduced using dilute polyelectrolyte 
solution in combination with aluminium sulphate as 
an alternative soil improvement measure for organic 
residues and ultra-soft organic clay deposits 
 

Most recently, we have completed a study on 
microbial-induced carbonate precipitation 
(MICP) using urea hydrolysis for loose sands. 
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From Khatami HR & O'Kelly BC (2013) Improving 
mechanical properties of sand using biopolymers. 
ASCE Geotechnical and Geoenvironmental 
Engineering, 139(8): 402–1406. 
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Floc particle formed by polymer-particle bridging (from 
O'Kelly BC (2011) Effects of aluminum sulfate and 
polyelectrolyte solutions on the geotechnical properties of 
organic clay. Soils and Foundations, 51(2): 359–367) 

SEMs of medium quartz 
sand treated with a 
bacterial solution of 
1x108 cells/ml and 
cementation solution of 
1.85M urea–1.0M CaCl2. 
 
(from Shahrokhi-Shahraki  R, Zomorodian SMA, Niazi A, & O’Kelly BC (2015) Effect of MICP on strength and hydraulic properties of 
sand. Proceedings of the ICE, Ground Improvement, Vol. 168) 
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Vacuum consolidation method in peat deposits 
We performed a vacuum consolidation field trial over an 11 month period for a 
10m x 10m area of bog, with 4m deep peat layer, to demonstrate its use in road 
construction/widening of existing roads over peat deposits. 
 

For prefabricated vertical drain (PVD) at spacings of 0.85 and 1.2 m, the maximum 
ground surface settlement achieved was approx 1.1 m at the end of the 11 month 
pumping period (equivalent to 27.5% axial strain). 
 

Below: vacuum lines and PVDs in place.  
Awaiting placement of sealing membrane. 
 

Above figure shows cross-section of vacuum consolidation 
set-up for the Ballydermot field trial (from Griffin H & O'Kelly BC 

(2014) Ground improvement by vacuum consolidation — a review, Proceedings of the 
ICE, Ground Improvement, Vol. 167. AoP available at 
http://dx.doi.org/10.1680/grim.13.00012) 

http://dx.doi.org/10.1680/grim.13.00012
http://dx.doi.org/10.1680/grim.13.00012


Reduction of long term compressibility of load-bearing peat 
deposits by pre-decomposition technique 
Peat deposits are highly compressible, undergoing significant long-term settlement, 
particularly fibrous material. Pichan & O’Kelly (2013) and O’Kelly & Pichan (2014) 
introduced the artificial stimulation and pre-decomposition technique for bearing 
peat stratum in advance of the main construction works as a means of mitigating 
against increased compression rates that would otherwise occur over the design life. 
The main decomposition limiting factors of pH and carbon:nitrogen (C:N) ratio are 
adjusted by adding sufficient amounts of basic and nitrogenous materials. 
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Figures taken from O'Kelly BC & Pichan SP (2014) Effect of decomposition on physical properties of fibrous peat. Proceedings of the ICE, 
Environmental Geotechnics, 1(1): 22–32). 
See also Pichan SP & O'Kelly BC (2013) Stimulated decomposition in peat for engineering applications. Proceedings of the ICE, Ground 
Improvement, 166(3): 168–176. 



Granular anchors 
These consist of 3 main components: a base plate, tendon, compacted granular 
backfill. The tendon transmits the applied load to the base plate, compressing the 
granular material to form the anchor. We performed field testing to investigate the 
load–displacement response and ultimate pullout capacity of granular anchors 
against conventional cast in-situ concrete anchors. 

We introduced and verified experimentally a new method of analysis for 
determination of the ultimate pullout capacity of granular anchors. 

 

0.07m dia x 1.0m long anchors installed in 
made ground deposit (su ≈ 55 kPa, where su 
is remoulded undrained shear strength) 

0.22m dia x 0.5–1.4m long granular 
anchors installed in Dublin Brown Boulder 
Clay deposit (su ≈ 80 kPa) 

For column length: diameter 
ratio > 7, ultimate pullout 
capacity resistance mobilised 
in shaft resistance and end 
bulging of granular column All figures taken from Sivakumar V, O'Kelly BC, Madhav MR, Moorhead C & Rankin B (2013) Granular 

anchors under vertical loading/axial pull. Canadian Geotechnical Journal, 50(2): 123–132. 
 



Granular columns 
We performed laboratory model studies on the settlement performance of isolated pad footings 
bearing on sand deposits reinforced by single and multiple granular columns under the influence 
of a fluctuating groundwater table. This is a particularly onerous condition for loose sand deposits 
in coastal areas, which may undergo significant collapse settlement over time. 
 

While greatly reduced compared with unreinforced footings, the settlement was ongoing, occurring 
at a much greater rate for loose sand than dense sand. Settlement rates were slightly higher for fully 
penetrating than partially penetrating granular columns, and also for footings reinforced by a 
column group rather than a single column.  
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Sand bed pumping arrangement 

Settlement against time for loose sand bed (FP, fully 
penetrating; PP, partially penetrating; NC, unreinforced bed) 

All figures taken from Sivakumar V, O'Kelly BC, Moorhead C, Madhav MR & Mackinnon PA (2014) Effectiveness of granular columns in containing 
settlement. Proceedings of the ICE, Geotechnical Engineering, 167(4): 371–379. 
 



Geotechnical laboratory index testing 
We have made contributions to the understanding of the Atterberg limits; e.g. 
O'Kelly BC, Mesri G & Peck RB (2011). Based on direct strength measurements and 
water contents for two soil test specimens, O'Kelly BC (2013) introduced a new 
approach for predicting the remoulded undrained shear strength value mobilised 
at any water content for that soil.   
O'Kelly BC, Mesri G & Peck RB (2011) Discussion on “A new method of measuring plastic limit of fine materials” by Sivakumar V, Glynn D, 
Cairns P and Black JA, Géotechnique, 61(1): 88–92. 

O'Kelly BC (2013) Atterberg limits and remolded shear strength–water content relationships, Geotechnical Testing Journal, 36(6): 939–947. 
 

We have investigated the effect of oven drying temperature on the determination 
of water content values for peat and other highly organic soils.  
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Clara bog peat (O'Kelly & Sivakumar, 2014). 
Water treatment residue, 

WTR (O'Kelly, 2014) 

Effect of oven temperature on water content–
undrained strength relationship. 
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O'Kelly BC (2014) Drying temperature and water content–strength correlations, Proceedings of the ICE, Environmental Geotechnics, 1(2): 81–95.  
O'Kelly BC & Sivakumar V (2014) Water content determinations for peat and other organic soils using the oven-drying method.Drying Technology 32(6): 631–643. 
 



Studies on the principal of effective stress as applied to 
organic soils; Constitutive modelling of peat 
 Recent failures of dykes, foundations and slopes in peat deposits have focused 
greater attention on understanding the mechanical behaviour of peat. We 
investigated the applicability of the principal of effective stress to peat soils (Zhang 
& O'Kelly, 2014) and the determination of the effective-stress shear strength 
parameter values using strength measurement apparatus and methodologies 
developed for mineral soils (O'Kelly & Zhang, 2013). 
 

We showed that consolidated-drained triaxial compression testing of peat is of little value. 
Referring to figures below, deviator stress continues to increase with axial strain ea, without 
reaching a peak value, even for ea > 30%; specimens do not shear, undergoing approx 1D 
compression/consolidation. Hence deduced angle of shearing resistance (f’) values are 
unlikely to be intrinsic material properties, but rather are largely a function of strain level, 

with higher values deduced for higher strain levels. 
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Both figures taken from O'Kelly BC & Zhang L (2013) 
Consolidated-drained triaxial compression testing of 
peat. Geotechnical Testing Journal, 36(3): 310-321. 
 



Foundations for offshore 
structures; Soil behaviour under 
long-term cyclic lateral loading 
 

We are developing novel foundation solutions for offshore wind-turbine (OWT) 
structures. We have recently developed a new mechanical loading system to apply 
many thousands of repeating cycles of lateral load in different forms to a 1-g model, 
with full control provided over the loading direction (i.e. one way or two way lateral 
loading), amplitude, frequency and waveform shape; e.g. sinusoidal, square or haversine 
(Arshad & O’Kelly, 2014). 
 

We have also performed field testing to study the effects of installation method on the 
load–displacement response of piles used to support OWT structures. Pile jacking has 
environmental benefits over the traditional method of pile driving which can cause noise and 
vibration damage to marine mammals. In our tests, instrumented open-ended model piles 
were installed by jacking in a medium-dense sand deposit (Igoe, Gavin & O’Kelly, 2013). 
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Figure shows typical support structure/foundations for OWTs: 
(a) gravity; (b) monopile; (c) monopile with guy wire; (d) 
tripod; (e) braced frame; (f ) tension leg with suction buckets; 
(g) buoy with suction anchor (from Arshad & O'Kelly, 2013) 

 

Arshad M & O'Kelly BC (2013) Offshore wind-turbine structures: a review. Proceedings of the ICE, Energy, 166(4): 139 –152. 
Arshad M & O’Kelly BC (2014) Development of a rig to study model pile behaviour under repeating lateral loads. International Journal of Physical Modelling 
in Geotechnics, Vol. 14. AoP available at http://dx.doi.org/10.1680/ijpmg.13.00015 
Igoe D, Gavin K & O'Kelly B (2013) An investigation into the use of push-in pile foundations by the offshore wind sector. International Journal of 
Environmental Studies. Special Issue: Renewable Energies and Smart Grid - The Solution for Tomorrow's Energy, 70(5): 777 –791. 

http://dx.doi.org/10.1680/ijpmg.13.00015


Characterisation/measurement of the geotechnical 
properties of municipal sludges and residues 
Over last 10 years, we have been investigating geotechnical properties of 
dewatered municipal sewage sludge and water-treatment residue materials 
regarding their safe disposal. In most recently published work (O’Kelly, 2013), a 
new method of analysis was developed to estimate the strength contribution of 
gel-like pore fluid to mobilised strength. 
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Environmental Geotechnics: 
Geotechnical contributions to wetland/peatland conservation 
 

A rapidly growing research area for the geotechnics group at TCD is Environmental 
Geotechnics, reflected by our invited contribution to the Inaugural Volume of the new ICE 
journal on this topic (Johnston PM and O'Kelly BC, Importance of environmental geotechnics. Proceedings of the Institution of Civil 

Engineers, Environmental Geotechnics, AoP available at http://dx.doi.org/10.1680/envgeo.13.00123) 

 



• In summary, plenty of scope for research 
collaborations 

 

 

Thank you for your attention! 
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