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SYNOPSIS: ' In recent years, NATM has been successfully applied to difficult ground conditions with the use of soil-preserving intervention
methods which promote face stability and restrict excessive ground movement. When the tunnel excavation is made through difficult ground like
highly weathered rock, the umbrella arch method is often adopted which pre-reinforces tunnel crown periphery using a stiff shell-shaped structure.
The umbrella arch method was originally developed in Italy, and has recently been confirmed its effectiveness in Korea as well. However, no in
depth study on the umbrella arch method has been conducted and as a result no rational analysis/design method is available at present. Therefore
this study was undertaken with the aim of identifying the basic reinforcing mechanism and establishing both qualitative and quantitative
relationships between various design parameters and ground movements.
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