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Abstract: In case of tunnel construction in the extremely squeezing and/or swelling ground conditions, double support method,
where secondary support is installed inside primary support, could be applied. According to our case studies, where double
support method had been applied, the installation distance between primary and secondary support varied in the wide range
from only 4m to more than 30m.

In this research, we conducted case studies, model experiments and numerical analyses, focusing on the installation
distance between primary and secondary support to suggest the optimized design for double support method. The results were
summarized as follows.

Approximately 10 case studies, where double support method had been applied, were analyzed. It was found that “the
load-bearing collaboration between primary and secondary support” and “the soundness of secondary support” were
mainly considered to determine the installation distance.

Loading experiments using 1/20-scale double-layered tunnel models, namely Casel and Case2 which were to represent
the short and long installation distances, were conducted. From the result of Casel, the secondary support model was
destroyed by compression when the load was 510kN, prior to the destruction of the primary support model at 700kN.
From the result of Case2, after the destruction of the primary support model, the secondary support model started
resisting the load and was destroyed by compression when the load was 730kN. The load-bearing capacities of the two
cases were 2.1-2.2 times of that of the standard single-layered model.

Three-dimensional numerical analyses, where the installation distances were 4m, 8m and 15m, were conducted. As a
result, a significant difference was found between the three cases in terms of the stress of the secondary support.
These findings would contribute to the safety and the reasonable cost of tunnel construction in the squeezing and/or

swelling ground conditions.
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