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Bolt pre-load monitoring in real time can help to ensure the safety of component connections and durability of the entire steel structure. A simple specimen called 'smart washer', fabricated by embedding a piezoceramic patch into two pre-machined flat metal rings, was invented and then introduced as a impedance transducer to detect the looseness of a bolted connection. In this research, the pre-load condition of a bolted specimen was investigated by using electro-mechanical impedance (EMI) method enabled by one "smart washer". Since the installed smart washer is directly subjected to the same axial pre-load as that on the bolt, the piezoceramic smart washer with the EMI technique is uniquely suited for pre-load monitoring of a bolted connection. To quantify the effectiveness of the proposed technique, root mean square deviation (RMSD) index which was computed from the impedance value detected by the “smart washer” was developed to evaluate the degradation level of the rock bolt pre-stress. The experimental results demonstrate that as the pre-tension degradation development, the RMSD-based damage index calculated from “smart washer” increase as well, the proposed method can detect the degradation of rock bolt pre-tension effectively.
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