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ABSTRACT 

The regularized extended Finite Element Model (XFEM) is suitable for the effective two- and three-
dimensional simulation of detachment processes [1,2], and imperfect interfaces [3]. The cornerstones 
of the proposed procedure are: i) the adoption of a regularized kinematics; ii) a suitable variational 
formulation, iii) an effective continuous-discontinuous transition procedure, iv) and a definition of 
the level set of the detachment surface based on the detachment mode experimentally observed in 
experiments. Strengthening techniques based on the use of external reinforcements made of FRP are 
widespread in civil engineering, especially in post-seismic structural rehabilitation. Experiments such 
as shear and bending tests on FRP-reinforced concrete specimens have shown that FRP-reinforced 
structures typically fail after the detachment of a cover comprehensive of the FRP plate and an 
attached concrete layer of few millimeters of thickness. Moreover, detachment is a three-dimensional 
mechanism involving both opening and shearing displacements along the detachment surface. Most 
Finite Element simulations exploit interfacial laws built-in commercial codes requiring the a-priori 
definition of the interfacial parameters, while neglecting three-dimensional effects. The present 
contribution addresses the simulation of three-point and four-point bending tests carried out on FRP-
plate-reinforced concrete beams. It is shown that the proposed regularized XFEM is able to capture 
the real crack pattern and detachment process in concrete beams strengthened with FRP plates 
subjected to bending tests. 
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