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                    Abstract
Empirically based ground movement modelling techniques are now being widely applied in the design of major tunnelling projects making their validation increasingly important. The Heathrow Express Trial Tunnel was the first excavation to use the New Austrian Tunnelling Method (NATM) in the London Clay and provided an excellent opportunity both to test the ground movement prediction methods and evaluate a variety of different NATM construction sequences.
The Transport Research Laboratory has developed a full range of models for use in the prediction of the pattern and magnitude of ground movements around tunnels and associated works. Earlier work has been extended by the development of a three dimensional model (TUNSUB) which allows consideration of complex excavation geometries.
In particular this paper describes a new technique which models ground movements in the region close to the tunnel. This provides a powerful tool for predicting deformations experienced at adjacent subsurface structures such as other tunnels, services and deep foundations.
The surface and subsurface around the trial tunnel were instrumented and surface measurements of ground movements due to shaft sinking were also recorded. Surface instrumentation consisted of high precision digital levels, tape extensometers and Geomensor EDM equipment. Boreholes around the tunnel contained magnetic ring extensometers with high precision micrometer reading heads, inclinometers, soil stress cells and piezometers. Throughout the shaft sinking and tunnelling works the ground response was monitored and correlated with the construction activities. Maximum settlements, percentage volume losses and settlement trough shapes were established for each section and then related to the modelled outputs.
The field results showed excellent agreement with those modelled and, with the modified assumption of ground loss distribution, the ground movements in the vicinity of the tunnel were also well represented.
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