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     The development of reinforced concrete structures began in the 19th century, and their expansion 

started in the 20th century, which continues into the 21st century. Many residential and infrastructural 

and energy facilities, such as bridges, power plants, dams, are built of reinforced concrete. Accurate 

description and representation of the fracture process in RC structures subjected to the static or dynamic 

loading are needed to design new and make existing buildings safer. A failure inside reinforced concrete 

structures occurs due to crack propagation in concrete, buckling of reinforcement and it’s pulling out 

from concrete. For a better representation of the force transfer and fracture development within 

reinforced concrete structures, it is necessary to model the bond mechanisms between concrete and 

reinforcement obtained from the pull-out test [1,2]. Generally speaking, the bond mechanisms is an 

interactive mechanism that allows the force transfer between the reinforcing bars and the surrounding 

concrete, which ensures a composite action between the two materials. The bond mechanism has a 

significant impact on the formation, development and propagation of cracks in the structure, and on the 

ductility of the structure [3]. Therefore, modelling the bond characteristics between reinforcement and 

concrete is an important component in obtaining a reliable numerical model for simulating a reinforced 

concrete structure subjected to static and dynamic loading. Understanding and modelling the local 

failures in RC structures like crack propagation in concrete, plastic yielding of reinforcement and bond-

slip is an important condition for maintaining or extending the service life of structures [4]. When RC 

structures are subjected to dynamic loading such as earthquake, the representation of the cycling opening 

and closing of cracks is one of the key factors for more accurate computation of energy dissipation [5]. 

Discrete models have the advantage in representing discontinuity over continuum models. The main 

advantage is in an appropriate meso-scale representation of material heterogeneities, that affects realistic 

simulations of crack formation, coalescence and propagation [6].  

      In this paper, concrete material is discretized with 2D Voronoi cells with Timoshenko beams as 

cohesive links between them [7,8]. Reinforcement (steel bar) is added in the discrete lattice model as 

Timoshenko beams, and it is positioned irrespective of the Voronoi cells. That provide us to analysis 

various reinforced concrete structures. Reinforcement nodes are generated at the position, where 

reinforcement crosses the Voronoi cells. Interaction between concrete and reinforcement is modelled 

with new bond elements represented in terms of Timoshenko beams. Bond elements connect Voronoi 

nodes (concrete nodes) and reinforcement nodes and represent bond-slip characteristic between 

reinforcement and concrete (Figure 1). 



 
Figure 1: Discrete lattice model with Voronoi cells as particles of concrete and cohesive links between 

them with reinforcement elements connected to concrete elements with bond elements. 

 

All the elements (concrete, reinforcement and bond) in this discrete model are Timoshenko beams with 

embedded strong discontinuity, enabling us to model crack propagation in concrete, a rupture of 

reinforcement, bond-slip and pulling out of reinforcement. The advantage of this model is in the realistic 

representation of the cracking process, and by using embedded discontinuity approach, we get mesh 

independent response. 
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