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Description of work

While a lecturer at Oxford University, and an Associate of GCG, George Milligan was the manager and supervisor of a series of research projects related to pipe jacking, involving both structural aspects of the pipe design and performance and the complex interaction between pipes and ground during jacking. The projects took place over a period of 12 years between 1985 and 1997, and included small scale modelling in the laboratory, numerical analysis by finite elements and full-scale prototype testing of microtunnelling pipes. Unique and exciting results were obtained from two projects involving monitoring of real pipe jacks during construction, on a total of nine sites. Specially designed instrumentation was installed in otherwise standard jacking pipes, which were incorporated into the pipe string.

Measurements were made of jacking forces, contact stresses between pipes, pipe joint articulation, and radial and shear stresses and pore pressures at the pipe surface. Readings from these were related to periodic line and level surveys of the tunnel, changes in ground conditions, and to detailed diaries of events on site. On some of the sites, measurements were also made of ground movements and changes of stress in the ground close to the pipe jack. Amongst other information, important findings were made concerning the relation between pipe misalignments, jacking forces, and pipe joint stresses; and on the correct use and effectiveness of lubrication to produce substantial reductions in jacking forces.

	Cost of research: More than £1million was spent over a total of 5 projects, not including substantial contributions in kind from industry. Cash support was split approximately equally between the Engineering and Physical Sciences Research Council (EPSRC) and industry in the form of the Pipe Jacking Association, Concrete Pipe Association, and several of the major water utility companies.
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Entrance of pipe jacked tunnel
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