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Summary  This study proposes a method for retrofitting tunnels constructed with timbering support with inadequate lining thickness
at the highest point by integrating the existing lining with inner-wrap reinforcement. With this method, the lining is reinforced by placing
epoxy resin coated steel bars on the inner surface of the lining and applying high-strength mortar. To achieve structural integrity as a
composite beam structure, a cylindrical shear-key and anchors are installed at the joints of the existing lining. Full-scale shear tests were
conducted to analyze stress transfer at the joint and to grasp dynamic behavior. Based on the results, we propose a retrofit design process
consisting of the following three steps: (1) determination of the design conditions; (2) deliberations on the cross-section; and (3) structural
calculations. This method was applied to a hypothetical tunnel section having insufficient lining thickness at the highest point to produce
an actual reinforcement design that meets current tunnel lining specifications (lining thickness: 35 mm; single steel bar). The results
indicate that the lining can be retrofitted to achieve structural performance equivalent to the lining specifications for the current tunnel
entrance.

Key Words : Concrete Lining, Structural Defects, Retrofit Design, M-N Failure Envelope, Finite Element Analysis
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