DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

Head of Department: Mr SW Garrity

It is very pleasing to note the steady growth in the Department's research activity following the loss of several key research active staff, including all the Department's professors, during 1997.  Three of the Department's four research groups are now led by Professors and, during this year, the Department won a total of approximately £515,000 of externally funded research from the European Union, the UK Research Councils and industry.  In addition, there were 17 postgraduate students or research assistants registered for higher degrees in the Department.  Three post-doctoral researchers and five visiting research fellows participated in externally funded research. Four students were awarded PhD degrees.

The Department’s research continues to be concentrated into 4 principal multi-disciplinary groups.  Such groups help to create a team effort and accommodate a distinctive range of research interests.  Each group works closely with industry and maintains an awareness of the Government’s research priorities, EU framework plans and research council targeted programmes to ensure that high priority research topics continue to be addressed.  The activity of each group during the year is summarised below.  The Department is also striving to expand its collaborative links with other academic departments in the University to bring a broader multi-disciplinary approach to its research.  Such links are likely to flourish as the School of Engineering develops in the near future.

The Environmental Acoustics Group is led by Professor Hothersall.  The main objectives of the group are to develop experimental and numerical models for the propagation of environmental noise and to propose and investigate methods and materials for noise abatement.  The Department’s anechoic chamber has been used together with numerical models to study the propagation of sound in outdoor situations.  Innovative designs of noise barriers for railways and roads have been developed.  This work was carried out partly in collaboration with the Department's recently appointed Honorary Visiting Professor in Environmental Acoustics, GR Watts. Professor Watts is a Research Fellow in the Noise and Vibration Group of the Transport Research Laboratory.  During the period, the group also developed methods of manufacturing porous sound absorbing materials from recycled products such as rubber crumb from car tyres and foam granules.  Dr Horoshenkov and 

Dr Swift were awarded a £45,000 "SMART" grant from the DTi for this work and a new company (Acoutechs Ltd) was set up to develop and exploit commercially the outcomes. Work also started on an investigation of the acoustic response of planar loudspeakers in conjunction with NXT Transducers Ltd. who have funded a 3-year research studentship.

The Structural Engineering Group is led by Professor Toropov.  The main priorities of the group are to develop and refine numerical and experimental methods and material models for the improvement of the analysis and design of engineering structures including repair and strengthening.  Professor Toropov has continued to develop his multipoint approximation method in conjunction with adaptive mesh refinement for the solution of non-linear problems.  Much of this work has been carried out in collaboration with TU Delft where he is a visiting professor.  Evolutionary optimisation techniques such as genetic algorithms have been used in the solution of structural damage recognition problems and advanced optimisation techniques have been applied to a range of engineering designs including structural steel frames (with Wescol Glosford), aerospace systems (with British Aerospace) and thermodynamic applications (with the Technical University of Denmark). During the period, Professor Toropov won funding from the Royal Society (£10,900) for research collaboration on elasto-plastic geometrically non-linear structural optimization with Hiroshima University, Japan and an EU grant for approximately £65,000 from the Energy, Environment and Sustainable Development programme to develop a small scale CHP plant based on a hermetic four cylinder Stirling engine for biomass fuels. Mr Garrity and Dr Ashour have developed plastic methods of analysis to predict the strength of masonry arch bridges strengthened using near-surface reinforcement.  Mr Garrity also analysed a typical masonry arch bridge using the Finite Element Method to study the effectiveness of reinforcement in improving the robustness of construction and in bridging existing defects such as cracks.  The work was sponsored by Bersche-Rolt Ltd.  The results of the arch bridge research have been used by Mr Garrity's team to design the strengthening works for a 200 year old brick arch bridge spanning the Bridgewater Canal in Runcorn, Cheshire.  The group also developed a series of design guidelines for the strengthening of continuous reinforced concrete beams using externally bonded carbon fibre reinforced polymer sheets and plates. The analytical methods used a as basis for design were validated using the results of a series of tests on 16 no. 8.5 m long beams.  The work was sponsored by Weber and Broutin UK Ltd and was led by Dr Ashour with assistance from Mr Garrity. Dr Hughes continued to develop a relatively new area of research focused on the study and development of appropriate repair materials such as limes, stuccoes and mortars for historic structures.  His work has been carried out in conjunction with English Heritage and consulting engineers specialising in the conservation of historic buildings.

The Underground Technology and Geotechnics Group is led by Dr Boot.  The principal aims of this group are to enhance the understanding of a wide range of problems associated with underground structures such as pipes and tunnels and environmental geotechnics.  Main areas of study are the development of numerical and experimental models for prediction of the behaviour of ground during compressed air tunnelling and the refinement and application of constitutive models for geotechnical problems involving saturated and unsaturated soils. Genetic algorithm and parameter identification techniques have been used to predict the air permeability of shotcrete tunnel linings.  A structural understanding of polyethylene thin-walled linings is now at an advanced stage and design recommendations are currently under development in collaboration with the Water Industry. Drs Boot and Ashour were awarded an EPSRC grant of £164,000 with an additional grant of £25,000 from Insituform Technologies and £12,000 from Severn Trent Water to develop design guidelines for flexible linings for the rehabilitation of sewer pipes.  Dr Sharma developed a collaborative link with the Central Building Research Institute, India to develop the use of ground penetrating radar in ground investigations.  Also during the year, Dr Javadi worked with the University of Sheffield and industrial collaborators to develop neural networks for the prediction of the behaviour of piled foundations and the solution of other geotechnical problems.

The Environmental Water Engineering Group is led by Professor Ashley.  The principal aims of the group have been broadened to include the development of an enhanced understanding of the performance of wastewater systems and thus produce predictive models and improved management systems for sustainable operation.  This broadening is as a result of the appointment of Professor Ashley to a Chair in Urban Water in March and Dr Scholz to a lectureship in September.  The group continues to focus on the previous aims which were to develop mathematical and numerical models for predicting surface water quality and sediment transport processes and to analyse contaminant migration characteristics in subsurface aquifers.  With this in mind, Dr Chen has continued his work on numerical modelling techniques for flow, water quality and sediment transport and Dr Sharma has continued with his research on the modelling and remediation of NAPLs in vadose and saturated zones.  In particular, he has carried out detailed studies of the contamination of the groundwater due to mining operations and is developing a research project in collaboration with the University of Sheffield which is to be funded by Yorkshire Forward.  Dr Scholz has worked on research projects involving the investigation of aquatic microbial and biological ecology within wetlands and reed beds (NERC studentship with Professor Ashley) and has obtained benefit in kind and other forms of research support from various organisations including Bradford Council, Chemviron Carbon Ltd, Tate and Lyle and a.s.Norsk Leca. During this period, Professor Ashley has been working to complete a number of EPSRC funded projects based at the University of Abertay, Dundee where he previously led the Water Research Centre.  In the four months since he joined the Department he has gained £20,000 funding from UK Water Industry Research Ltd.  for a project on the impact of extended storage on sewage treatment.  By the end of the review period, he also managed to secure funding to extend the Environmental Water Research Group and has submitted several grant applications to the research councils and various sectors of the UK water industry.

Throughout the last twelve months, Professor Hothersall and Dr Boot continued to serve as members of the EPSRC Built Environment College.  It is pleasing to report that Professors Ashley and Toropov are also now members.  Professor Toropov also served as a project evaluator for the EU INTAS research programme.  Professor Hothersall continued to serve on the editorial board of the Journal of Applied Acoustics and assisted with the organisation of the 29th International Congress on Noise Control Engineering in Nice.  He served on 2 British Standards Institution committees set up to develop standards on measures to deal with noise propagation and traffic noise. Professor Toropov served on the organising committees, technical committees or editorial boards of conferences in China, India, Italy, Japan and the United States of America.  He was also appointed as co-editor of "Structural and Multidisciplinary Optimization", the Journal of the International Society for Structural and Multidisciplinary Optimization and was elected as Secretary-General of the International Society for Structural and Multidisciplinary Optimization and as Secretary of the Association for Structural and Multidisciplinary Optimization in the UK.  Professor Ashley served on various boards, committees and study groups including the editorial board of the Journal "Urban Water"; the IWA/IAHR Joint Committee on Urban Drainage; the IWA/IAHR Sewer Systems and Processes Working Group (as Chair); the Scottish Hydraulic Study Group; the Tay Estuary Forum and the advisory committee of Wallingford Software. Dr Chen served on the editorial board of "The International Journal of Sediment Research" and Mr Garrity served on the technical committee of the third international conference on arch bridges held in Paris.

Various invited presentations were given to conferences and study groups.  These included invited keynote papers by Dr Boot at the AWWA International Symposium on Water Distribution Systems held in Denver, Colorado and Dr Sharma at the Year 2000 International Conference on the Geo-Environment held at Muscat, Oman.  Invited presentations were also given by Professor Ashley (Urban stormwater drainage, Oxford); Dr Boot (Design of cured in-place pipe linings, St Louis, Missouri); Dr Scholz (Biological activated carbon filtration, Warwick; presentation to CIWEM, York) and Professor Toropov (Research seminars at the University of Tabriz, Iran; Sheffield University; British Aerospace, Preston; Japanese Society for Material Science, Osaka; University of Hiroshima, Japan; Delft Institute of Technology, the Netherlands).
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