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Abstract

The mechanical properties and durability of concrete structures can be seriously
impaired by cracks. The need to reduce the risk of cracking and repair the damage caused
by concrete cracks led to the development of self-healing cementitious composite
materials (SHCCMs). SHCCMs are able to heal cracks without human intervention and
can generally be classified into either autogenous self-healing or autonomous self-healing.
In comparison with autonomous self-healing, autogenous self-healing is more cost
effective and easier to implement in full-scale application, while it is limited to healing

crack widths of about 100-150 um.

Supplementary cementitious materials (SCMs), expansive minerals and crystalline
admixtures (CAs) are used to promote the autogenous self-healing of cementitious
composite materials and develop SHCCMs. However, the absence of standardized test
procedure and performance assessment criteria for self-healing resulted in disagreement
with regard to the effectiveness of stimulated autogenous self-healing in concrete. The
benefit of SHCCMs to durability of cracked concrete in chloride solutions and marine
environments is not well understood. Moreover, in order to tailor self-healing reactions
of SHCCMs for better performance, it is necessary to understand the mechanisms of
stimulated autogenous self-healing. Currently, these issues are hindering the application

and development of SHCCMs.

In this study, the methodology for evaluating the influence of autogenous self-healing
on the mechanical properties and durability performance of concrete was developed and
validated. Cracked specimens with and without CAs were exposed to water, sodium

chloride solutions and seawater to facilitate self-healing. Afterwards, the effect of self-
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healing on the compressive, flexural and splitting tensile properties, water absorptivity as
well as chloride penetration of cracked materials was assessed. The mineralogy of self-
healing products was also characterized to reveal the mechanism of autogenous self-
healing. Furthermore, the influence of CAs on the hydration and leaching behaviour of
cement was investigated, in order to explore factors that can help improve the autogenous

self-healing of cementitious composites materials.

With regards to mechanical properties, autogenous self-healing improves the stiffness
but barely affects the load capacity of cracked specimens under compressive, flexural and
splitting tensile loading. Indexes that are related to stiffness are recommended for self-
healing performance assessment. The results also highlight that exposure environments
affect self-healing mechanisms (reaction) and subsequently, self-healing performance.
The rate of crack closure is fastest in seawater followed by NaCl solutions and water,
which results in the lower chloride penetration into self-healed cracked specimens from
seawater than NaCl solution. The rapid precipitation of Mg(OH)2 in cracks dominates the
self-healing in seawater. Compared to water, NaCl solutions accelerate self-healing by
promoting the precipitation of CaCOs in cracks. This suggests that a faster rate of
self-healing helps improve the durability of cracked structures more than the type of
products that form during self-healing. Moreover, the hydration and leaching behaviour
of cement incorporating CAs indicates that a higher pH of the pore solution and a
reasonable degree of carbonation could benefit the self-healing of cementitious composite

materials.
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