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In recent years the monitoring and damage evaluation/identification of concrete structures has 

become of major importance due to the ageing and the occurrence of some accidents [1]. For 

existing structures, the only possibility of doing structural health monitoring (SHM) is by applying 

(magnetic, piezoelectric and/or optical) sensors on the surface of the structure itself. However, if a 

new concrete structure is to be built, one could think of inserting these sensors directly into the 

structure. Using “external” sensors usually leads to more complicated algorithms for the 

identification of structural ageing/faults and, eventually, to the impossibility of identifying defects 

in certain critical positions [2]. Thus, “internal” sensors would be of great use for thorough SHM 

algorithms. 

For large-scale applications in civil structures an innovative low-cost stress sensor has been 

developed that provides high accuracy, robustness and simplicity of operation. The sensor directly 

measures the internal stress of the structure both normal and tangential to the sensor surface [3], 

exploiting the piezo-resistivity of thick inks based on ruthenium oxide [4]. Moreover, the sensor 

can easily be calibrated, temperature compensated and is inherently hermetic, ensuring a 

protection of the sensitive elements from the external environment. Pads and cables are waterproof 

and suitable for a reliable operation in harsh environments. 

An array of these sensors was installed in tunnel concrete arcs and used to assess the behaviour 

of these beams under static and cyclic loading under laboratory conditions. The obtained results 

confirm the targets of the design: the sensors were capable of identifying internal loads of the 

structure as well as of local imperfections. 
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