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In recent years, the development of a new generation of smart structures has attracted researchers worldwide. Efforts in 
this area have been directed toward the use of highly-conductive materials such as carbon nanotubes (CNT) and carbon 

fibers (CF) in cementitious materials for multifunctionality purposes. This study focused on developing a new generation 
of engineered cementitious composites (ECCs) with combined sensing and healing efficiencies. The goal was to detect 
and evaluate the damage in ECCs at their early time of occurrence, while insuring an automatic and repeated recovery of 
microcracks. Carbon nanotubes were incorporated in ECC compositions at 0.50% and 0.25% by mass of the cementitious 
materials and carbon fibers occupied 1% and 0.5% by the total volume. Special mixing method was used for casting CNT-ECCs 
to insure a homogeneous dispersion of CNT particles and PVA fibers. Mechanical strengths, ductility and electrical resistivity 
(ER) of sound and pre-cracked specimens were assessed to evaluate the effect of CNTs and CFs on the intrinsic properties of 
ECCs. The quantitative sensing/healing of microcracks was measured by comparing the fractional change in ER before and 
after pre-cracking and at different recovery time. Microstructural investigations were completed on the healed crack lines to 
determine the relation between carbon materials and elf-sensing/self-healing efficiency. The results showed improvements 
in compressive and flexural strengths with the use of CNTs and CFs. Unlike CFs, CNTs in ECC showed equivalent ductility, 
increased crack numbers and decreased crack widths than control specimens, resulting in greater recovery rates in mechanical 
properties and ERs. In addition, CFs influenced negatively the sensing ability of microcracks and consequently, the accuracy of 
self-healing evaluation, while CNT-ECCs showed high precision in quantifying pre-cracking and self-healing rates. The SEM 
analyses showed bridged CFs across the healed microcracks, which explains the reduced sensing of initial cracking and healing 
in CF-ECCs.
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