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ABSTRACT 

Concrete is one of the most widely used construction materials in the world, and yet is subject to 

a number of durability issues, often exacerbated by cracking. To mitigate this issue a great deal of 

research effort over the last decade has concentrated on the development of different self -healing 

(SH) mechanisms, which provide an enhanced capability for the concrete to heal cracks as they 

form. Significant progress has been made on the development of numerical models for such SH 

systems [1]; however, there are few models to date, which fully consider the coupling between the 

mechanical and transport processes. In addition to this, the validation of many models is limited. 

The present work focuses on the transport aspects of a new coupled model for SH systems 

containing a healing agent embedded in vascular networks. The model is developed in a finite 

element framework, in which the coupled crack and matrix flow of the healing agent is considered, 

and the cracks are simulated using embedded strong-discontinuities. The model employs the 

Navier-Stokes equations for the discrete crack flow, which take into account inertia, the dynamic 

contact angle, and non-uniformity of the cracks. A moisture diffusion model is used for the 

unsaturated matrix flow [2], which is coupled to the crack flow through a source/sink term 

representing flow through the crack face. A kinetic reaction model is developed for the curing of 

the healing agent and its effect on flow properties is taken into account using a chemorheological 

model.  

Following the calibration of physical processes using data from experiments undertaken at Cardiff 

University, a series of validation examples concerning the flow of cyanoacrylate through SH 

concrete with embedded vascular networks were simulated. The results of the simulation show 

that the model is able to capture the transport processes with good accuracy. 
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