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Strengthening of Concrete Column-Slab Connections Using Prestressed Carbon Fibre 
Plates 

Ahmad Mahmoud Abdullah Ali  
Colin G. Bailey  

 
 

One of the main applications of FRP in structural engineering is to improve structural response of 
deformation and stress. This study is to investigate the effectiveness of bonding prestressed carbon fibre 
plates to the tension surface of concrete column-slab connections. Five specimens are designed and 
fabricated to simulate interior column-slab connections. Different values of prestressing forces are 
introduced to the FRP plates with the proposed post-tensioning technique. A circular notch is only 
introduced to the strengthened specimens to simulate precracked slabs due to ageing or overloading 
conditions. The specimens are tested as a simply supported along all edges and loaded concentrically. The 
behavior of the strengthened specimens is compared to the reference specimen in terms of punching shear 
strength, deflection, steel strain, crack opening displacement and failure modes. A finite element model 
using ABAQUS is being built to predict the punching load and the failure mode of similar conditions. 
Both theoretical and experimental results are compared to existing codes.   
 
 
 
 
 

 
 

Integration & Optimisation of Renewable Energy Technologies for UK Domestic 
Properties 
Alex Glass 
Tony Sung 

 
 

The EngD research work is based on Barratt’s EcoSmart Village in Buckshaw, Chorley. The project is 
sponsored by Barratt Homes and supervised by Dr Tony Sung. The main aim of the project is to study the 
energy performance of seven test homes containing several low carbon alternative energy systems 
including Photovoltaic (PV), Solar Hot Water (SHW), Micro-Wind Turbine, Ground Source Heat Pump 
(GSHP), Micro Combined Heating and Power (mCHP). Energy consumption of the houses, energy 
generation of individual systems as well as weather conditions were monitored and recorded during a 15-
month period, leading to a set of data allowing a study of all systems as well as several energy efficiency 
measures under real weather conditions.   
 
During the course of this project PV, SHW and GSHP have so far appeared to be the most promising 
technologies, which will be explored in more detail. This paper will give the energy generation data 
obtained and will provide a comparison of the results with the theoretical performance of the systems. A 
more thorough investigation into the solar potentials will be presented, as this forms the basis of the 
generation potentials of the most promising systems. For this purpose three independent PV design 
utilities have been used and results compared to the measured data.  
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Water Retaining Ability of Cement and Lime Mortars 
C. Ince 

Margaret Carter 
Moira Wilson 

 
This paper discusses an important property of masonry mortars - the desorptivity, which defines water 
retaining ability. Values for freshly mixed mortar have been determined using an American Petroleum 
Institute pressure cell and the effect of pressure, mix composition and time on desorptivity have been 
experimentally investigated for cement and a range of lime mortars. The pressure cell technique 
quantifies the water retaining ability and the strongly water retaining nature of lime mortars compared 
with cement mortars is emphasized.   
 
Freshly mixed mortars were then dewatered by an absorbent substrate. Based on Sharp Front Theory, an 
equation is derived which defines the time taken for a wet mix to be dewatered. This dewatering time is 
found to be related to the depth of the mortar, transfer sorptivity between the mortar and substrate and 
pre- and post-dewatering volume fraction water and solid contents of mortar.  Experimental data validate 
the equation for the absorption of water from fresh mortar by clay brick substrates. Time taken to dewater 
cement mortars is found to be significantly shorter than for lime mortars of the same layer thickness.  
These results have important practical application in masonry wall construction since they mean 
considerably less time to place and adjust bricks with cement than with lime mortars. 
 
 
 
 
Women in Project Management in the ICT (Information, Communication & Technology) 

Sector in China 
Yuanyuan Hu and Andrew Gale 

 
 

This paper is about exploring ‘Women in Project Management in the ICT (Information, Communication 
& Technology) sector in China’, making comparisons of job roles of women and men in the ICT business 
process which reflect the project management disciplines and occupational segregation theories. Based on 
an overview of abundant literature review on ‘women in management’, ‘Chinese Confucian culture theory 
and effects’ and ‘ICT  project management’ and collection data of female and male ICT project 
managers’ status  in China, the paper will provide an insight of different managerial types of female and 
male project managers in ICT. Qualitative research methodology was adopted in the form of semi-
structured interviews with the female and male ICT project managers and employees to investigate what 
differences and similarities of men and women are in management. The results of qualitative research 
showed unexpected self-assurance and self-affirmation when female ICT project managers exert their 
influences in male over-represented industry. The research results and grounded theory emerged also try 
to examine what the literatures have ignored or over-judged. The feasibility and reliability of suggestions 
to the personnel, research bodies and government will present to discuss.  
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Prediction of Intumescent Coating Performance in Fire Protection Applications -- A 
Mathematical Approach to Performance Based Design 

Jifeng Yuan 
Dr. Yong Wang 

 
 
 

The project is carried out with aims to understand and predict intumescent coatings performance under 
fire conditions. Intumescent coating has been broadly applied in aerospace, offshore, and civil 
engineering applications. However, the mechanisms determining the fire-resistant properties of 
intumescent coating are not well-understood yet, due to its highly complex physical and chemical natures. 
Unlike traditional thermal barrier materials, whose thermal properties are only temperature dependent, 
intumescent coating’s performance varies in accordance with not only temperature but also heating rate. 
This hampers the application of intumescent coating in performance-based fire engineering.  
 
A mathematical model has been established to investigate the fire protection performances of intumescent 
coatings. The model, when a few basic chemical characteristics and physical properties of an intumescent 
coating has been tested and provided, easily determines fire performance of this kind of intumescent 
coating. The governing equation is based on energy conservation, and the model is solved by using the 
FDM (Finite Difference Method). Heat transfer, heat generation, and mass transfer sub-models form the 
basis of the model. Arrenhius equation is used to describe chemical kinetics of the coating decomposition 
(typically including three parts: melting, blowing, and charring) which is responsible for coating 
expansion.   
 
Main aspects that govern and affect the intumescence process have been expressed in the model. The 
model gives an impression of what happens inside the coating. The temperature distributions and 
expansion rates show heat transfer is deterred by expansion of local materials. The results show the 
effects of decomposition heat and gas transportation. Radiation in porous structures has been included to 
give more precise predictions.   
 
A number of experimental tests, under both cone-calorimeter and real fire, have been carried out with 
different coating thicknesses, steel substrate thicknesses, and fire conditions. The paper will discuss the 
feasibility of using this model to predict intumescent coating performance under different fire conditions. 
The investigation has focused on how to extract key parameters of the model from limited number of 
experimental tests, and then to use the model to quantitatively predict intumescent coating performance in 
different applications. Good agreements between the modelling and experimental results have been 
obtained. 
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Power Generation System and Control of a Wave Power Device 
Ka Sing Lok 

Peter Stansby and Tim Stallard 
 
This study investigates the power generation system and control of the “Manchester Bobber” wave power 
device. The “Manchester Bobber” is a float based, point absorber extracting the swell energy of sea 
waves. Vertical motion of the float drives a flywheel which in turn rotates the shaft of an induction 
generator. Although the hydrodynamics have been tested at several scales, 1:100th and 1:70th scale in 
university test facilities and at 1:10th scale in a large outdoor test tank, limited research has been 
undertaken on the power generation system or on control in order to maximise energy extraction from 
irregular wave-fields. In particular it is necessary to understand how the torque-speed curve of the 
generator influences performance. To this end, a model has been developed using EMTDC to simulate the 
coupled electro-mechanical system of a single drivetrain when subject to irregular wave-forcing. This is 
shown to be consistent with an existing model of the system in which a simple generator model was 
assumed. Subsequently a parametric study of the drivetrain parameters has been conducted to obtain a set 
of parameters which maximise annual output for a particular wave climate. The sensitivity of device 
performance to the induction generator torque speed curve is subsequently employed and an optimum 
form identified. It is found that considerable increase of power capture can be obtained by appropriate 
selection of the generator characteristics but that this is sometimes offset by increased mechanical loads. 
It is shown that these adverse loads can be reduced by implementing a proportional-integral controller. An 
outline of planned experimental validation of this study will also be given.  

 
 
 

Behaviour of Welded Fin-Plate Connections to Tubular Columns under Shear 
Mark Hadyn Jones 

Dr. Y. C. Wang 
 
This paper reports the results of a recent experimental study into the behaviour of welded fin-plate 
connections to both hollow and concrete filled tubular (CFT) columns under shear. Experiments have 
been performed at both ambient and elevated temperatures with the aid of an electric kiln. The observed 
failure modes include fracture of the fin plate and tearing out of the tube around the welds. By 
considering the results of previously published research, the current design method for similar 
connections under purely tensile load, in CIDECT Guide 9, based on a deformation limit of 3% of the 
tube width is shown to be inadequate when evaluating the ultimate strength of such connections. By 
comparing the results from the current test program which failed in the fin-plate with Eurocode guidance 
for failure of a fin-plate alone under shear and bending load it is shown that the column face influences 
the overall connection strength regardless of failure mode. Concrete in-fill is observed to significantly 
increase the strength of connections over empty specimens, and circular column specimens were observed 
to exhibit greater strength than similarly proportioned square columns. A finite element (F.E.) model, 
developed using ABAQUS, is presented and validated against the experimental results in order that 
extensive parametric tests may be subsequently performed. When validating the model against elevated 
temperature tests it was found that using reduction factors suggested in published research for the specific 
steel grades used yielded improved results over applying the Eurocode elevated temperature steel strength 
reduction factors. 
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Smart Intelligent Meters and the Analysis of Water Networks Relating to their Stability 
Peng Xu 

Prof Geoff Levermore 
 
 
Heating systems often have two port valves which open and close to adjust the heating in radiators. When 
the valves shut there is a large resistance for the pump to overcome. So variable speed pumps are used 
which save a lot of energy. But the valves and pump controls do not communicate with each other except 
indirectly through the water pressure and instabilities can occur. This project is investigating this 
instability, especially in the Arthur Lewis Building with a number of variable speed pump circuits.  
 
To examine the energy saved the electricity meter can be monitored. However, this records the whole 
building’s consumption. This project is therefore reviewing smart meters to distinguish the different 
energy users via energy signatures and intelligent sub-metering. We hope to have a small rig in the lab 
and we intend to examine the performance of the meters in some buildings, including the Arthur Lewis 
building. 

 
 
 
 
 
 
 
 

Wave Loading on a Wave Energy Device using SPH 
Pourya Omidvar, B D Rogers and P K Stansby 

 
 
Renewable sources have become a key component of energy production in an era of increasing awareness 
of environmental issues. The work in this PhD is a part of a joint project between the Universities of 
Plymouth, Manchester, Oxford and Manchester Metropolitan funded by EPSRC looking at the response 
of wave energy devices under extreme wave loading. At the University of Manchester, we are using the 
numerical technique Smoothed Particle Hydrodynamics (SPH) to simulate wave propagation and loading 
of the wave energy device in a deep water channel. The first step of this project is to investigate wave 
generation in a long and intermediate deep water channel. We are currently studying fixed partially 
submerged cylinder as waves propagate towards and over it for different water levels and wave 
amplitudes. The forces exerted by waves on the cylinder predicted using SPH initially appear reasonable 
and are compared with the experimental data of Dixon et al. (1979). The work eventually aims to extend 
to 3-D with a moving wave energy device, e.g. the Manchester Bobber. 
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Simulation of Vortex Spindown and Taylor-Green Vortices with Incompressible SPH 
Method 

Rui Xu, Peter Stansby & Ben Rogers 
 

The weakly compressible SPH (WCSPH) method is widely used in the flow simulations. However, for 
WCSPH, the pressure field strongly depends on a state equation[1], which introduces large pressure 
fluctuations. Moreover, because of the speed of sound used in the state equation, the time step should be 
very small to satisfy the CFL demand. A truly incompressible SPH (ISPH) method is examined, based on 
the code SPHysics, where the pressure field is solved by a pressure Poisson equation (PPE), instead of 
using the state equation. Similar to other ISPH schemes [2], the total computing time is highly reduced 
because higher time steps can be handled, and smoother pressure fields are obtained. Moreover, in this 
paper, a second order accurate first derivative operator, used by Oger[3], is applied in the code. With the 
application of the new operator and a fifth-order kernel, a new pressure gradient calculation method is 
introduced to improve the accuracy of velocity correction in projection method. The influence and choice 
of boundary conditions will be discussed. The Vortex Spindown case, with Reynolds numbers 25, is 
simulated. The geometry of vortex spindown cases is presented in Fig.1. The decaying of the velocity 
field is compared with results from a finite volume-based software, namely STAR_CD, with the same 
resolution (Fig.2). The Pressure field snapshots at time = 1.0s are shown. The difficulties to simulate 
Taylor-Green vortices take the form of stretching and compressing of particle spacings. To overcome 
these difficulties, remeshing is used to improve the robustness and accuracy in the simulation. Also, extra 
internal iterations[4] are being considered to circumvent the density change, caused by the non-uniform 
particle distribution. 
 
References 
1.  J.J. Monaghan. Simulating Free Surface Flows with SPH. J of Com. Phys., 110:399-406,1994. 
2.  E.S. Lee. Truly incompressible approach for computing incompressible flow in SPH and comparisons 

with the traditional weakly compressible approach. PhD Thesis. University of Manchester, 2007. 
3.  G. Oger, M. doring, B. Alessandrini, P. Ferrant, An improved SPH method: Towards higher order 

convergence, Journal of Computational Physics, 225 (2007) : 1472 - 1492 
4.  X.Y.Hu. N.A. Adams, An incompressible multi-phase SPH method, Journal of Computational 

Physics, 227 (2007) : 264 – 278 
 

 
Fig. 1 The geometry and initial velocity field 

of vortex spindown case 
Fig.2 The velocity decaying in vortex 

spindown with Re=25 
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3d Stochastic Slope Stability Analysis 
Siamak Bakhtiari 

Mike Hicks  
 

 
The regulations of the new Eurocodes require all important structures to be designed according to 
reliability-based methods. For soil structures, a proper reliability-based analysis involves consideration of 
soil heterogeneity, and this involves stochastic finite element analysis of the structure as part of a Monte 
Carlo simulation. However, this is in contrast with what has been used to do in the past for analysing 
structures, i.e. assuming a homogeneous material throughout the structure and then doing deterministic 
analyses. 

The importance of this type of analysis has been well discovered after failures in some structures have 
been observed (e.g. Nerlerk artificial island in the Canadian Beaufort Sea), which could be only justified 
by considering heterogeneity of the material. Previously Hicks & Onisiphorou (2005) had found that it is 
possible for possible for a predominantly dilative fill to liquefy, due to semi-continuous loose zones 
arising from deposition-induced anisotropy. However their conclusion has been based on a 2D plane 
strain model.  

This research aims to develop a 3D Finite Element code for analysing the slope previously under 
investigation, and compare how considering the third dimension in the heterogeneity can affect the 
structural response. Moreover, since the size of such problems is so big, in terms of computational 
memory, parallel computing techniques are required to break down the size of the model and handle the 
Monte Carlo simulations faster. 

 
Keywords: Stochastic analysis, Slope stability, Parallel computing, Random fields 
 

References: 

M.A. Hicks and C. Onisiphorou. Stochastic evaluation of static liquefaction in a predominantly dilative 
sand fill. Géotechnique, 55, No. 2, 123–133, 2005. 
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The London Eye: Modelling against Vibration Measurement 
Tianxin Zheng 

Tianjian Ji 
 
The London Eye (Fig. 1) is listed as one of the top ten attractions in London. It has attracted millions 
visitors to enjoy a bird’s eye view of the centre of London and a sensation of riding. This paper models 
the London Eye against vibration measurements and conducts parametric studies for gaining an improved 
understanding of the dynamic behaviour of the Eye. 
 
Vibration tests of the London Eye were conducted in April 2007 when it was empty and stationary, when 
it was empty and rotating and when it is fully occupied by spectators and rotating. Fig. 2 shows the 
equipment used in a capsule of the Eye. The vibration measurements provide useful information for 
updating and tuning the FE models of the Eye, which is shown in Fig. 3. After a good agreement between 
the predicted and measured natural frequencies is achieved, parametric studies are conducted to examine 
the effects of the levels of pretension in spoke and rotation cables and of the arrangements of the 64 tuned 
mass dampers. The three key findings from this study are: 
 
·  The first 10 vibration modes of the London Eye in the low frequency range (less than 2.5Hz) can be 

classified into three groups. The pretension of the spoke cables and rotation cables has different 
effects on the frequency of the modes in different groups. 

·  Due to the effect of gravity, cables at different positions will have different forces. Thus smaller 
tension forces in cables appear when they are above the spindle. Sufficient tension forces in cables 
are required to avoid slacking. Otherwise, the dynamic behaviour of the wheel can be changed 
significantly. 

·  A simple and effective strategy is developed to design tuned mass dampers (TMDs) with different 
natural frequencies for achieving improved vibration reduction effect on the London Eye. Fig. 4 
compares the vibration levels of the Eye with and without the current TMDs and with the proposed 
arrangement of TMDs. 

 
The study of the London Eye and the findings from this study will be useful for the design and 
construction of the similar observation wheels to be built, such as the Star of Nanchang and the Singapore 
Flyer.       
 
 

        
 
Fig.1: The London Eye 
Fig. 2: The test equipment in a capsule of the Eye 
Fig. 3: The FE model of the London Eye 
Fig. 4: Comparison of the vibration levels of TMDs 
 
 
 


