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ABSTRACT 

Interest in self-healing concrete has grown considerably in recent years due to the potential of these 

materials to greatly improve the durability properties of concrete structures [1]. Much of the work 

undertaken on this subject has been experimental in nature but there has also been some numerical 

research aimed at producing computational models for these materials [2]. Whilst considerable 

progress has been made on models that simulate certain aspects of self-healing behaviour, there remain 

some key behavioural characteristics that current models do not represent well, which includes the 

simulation of simultaneous and multiple damage-healing ‘events’.  A further problem with much 

previous numerical work is that the models have been developed, calibrated and validated using little, 

or sometimes no, experimental data [2]. To remedy this situation, a combined experimental-numerical 

study has been undertaken at Cardiff University on a vascular self-healing system. The present 

contribution focuses on the modelling part of this study and, in particular, on the simulation of damage-

healing behaviour using finite elements with embedded strong discontinuities (SDs). This contribution 

presents the formulation of a standard quadrilateral element with an embedded SD and then explains 

how this can be enhanced to deal with nonlinear damage-healing behaviour. In particular, the multiple 

processes of virgin damage, virgin healing, re-damage and re-healing are considered, along with a 

method for incorporating the permanent crack-opening-displacements associated with the curing of 

healing agents in open cracks. The simulation of healing-agent transport and chemical healing 

behaviour is also discussed, along with an algorithm for coupling these processes to the aforementioned 

model component that deals with mechanical behaviour. A series of validations are provided that use 

data from the comprehensive test series undertaken in Cardiff. These show that the proposed coupled 

model is able to reproduce a wide-range of characteristic behaviour of this self-healing material system.   
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