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Abstract 

The technique of bonding fibre reinforced polymer (FRP) sheets/plates to the tension face of 

reinforced concrete (RC) beams is widely used in building and civil engineering for 

strengthening or retrofitting existing structures. However, the use of this technique exposes 

the reinforced beams to new and exceptional modes of failure. They become vulnerable to 

various debonding failures, in particular plate-end interfacial debonding or concrete cover 

separation [1–3]. In this work, a novel finite element model to predict cover separation 

failures in RC beams under quasi-static loading conditions is presented [4], based on an inter-

element fracture approach, here regarded as more appealing compared to sophisticated intra-

element approaches, such as X-FEM methods [5]. The numerical procedure to simulate the 

fracture behaviour of reinforced beams is based on the intrinsic cohesive zone formulation, 

according to which nonlinear interface elements, equipped with a softening constitutive law, 

are inserted among all the finite elements of the computational domain [6]. A mixed-mode 

coupled criterion, accounting for an equivalent critical displacement, is adopted to predict 

damage onset, whereas, the subsequent debonding propagation is studied by using an energy 

criterion able to take into account different fracture energies for modes I and II. The main 

cohesive parameters have been calibrated to reduce the mesh dependency issues typical of 

cohesive zone models [7]. The reinforcing bars are modelled using truss elements with 

isotropic hardening and a simple bi-linear bond-slip law for investigated the bond behaviour 

between reinforcement bars and concrete is adopted. In order to verify this model, the results 

obtained in this study are compared with experimental results found in the literature that 

showing concrete cover separation as the dominant failure mode. The load-displacement 

curve predictions and the crack pattern are in close agreement with the results taken for 

comparison. 
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