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Universitat Politècnica de Catalunya
Campus Nord UPC, 08034 Barcelona, Spain

Key Words: Steel Fiber Reinforced Concrete, Numerical modeling, Validation, Finite Element
Method,Immersed boundary Method.

ABSTRACT

Steel Fiber Reinforced Concrete (SFRC) is a promising technology that allows the tensile strength of the
concrete to increase with a lower manufacturing cost, with respect to the standard reinforced concrete. 
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Figure 1: Description of the BCN Test. The cylindrical (15 cm diameter, 15 cm height) sample is com-
pressed by two steel punches (cylinders of diameter 3.75 cm)

The behavior of the SFRC under shear and normal stresses is properly characterized by several ex-
perimental tests. The so-called Barcelona Test (BCN Test) [1,2], see Figure 1, is an adaptation of the
Double Punch Test for SFRC and it is found to provide a fair characterization of the tensile response
of the material [3]. In fact, the test consists on a displacement controlled compression of the sample,



allows to use samples of small sizes and produces results (indirect measures of the tensile strength) with
a reduced scattering.

A extensive experimental campaign has been carried out and a large set of experimental results char-
acterizing the behavior of the BCN Test is available. The numerical modeling is targeted to reproduce
the main features of these experimental results. The outcome of the experiments are force-displacement
curves (displacement driven tests with constant speed). The validation of the numerical model is there-
fore performed on the basis of this outcome, and the quality of the numerical model is measured com-
paring the numerical and the experimental curves.

First, the constitutive model is validated for plain concrete, without any reinforcement. Following [4],
the concrete is modeled using a nonlocal Mazars damage model. The material parameters for the plain
concrete are fitted using the experimental results for non-reinforced samples.

The complete simulation of the SFRC requires accounting for the steel fibers (wires) distributed in the
concrete bulk. Two alternatives are considered: 1) the fibers are discretized using 1D beam elements
that coincide with the edges of Finite element mesh of the concrete bulk and 2) the fibers are introduced
independently of the bulk mesh by using the ideas introduced for the Immersed Boundary (IB) methods.
The first approach is straightforwardly implemented in a standard FE code but requires a huge pre-
processing effort to obtain the complying mesh. The second alternative is more flexible because allows
performing independent discretizations for the concrete bulk and the fibers. The IB method has been
introduced in the context of fluid-structure interaction [5,6]. The influence of the structure in the fluid is
accounted for using concentrated masses and forces. Here, the concrete bulk plays the role of the fluid
and the steel fibers play the role of the immersed structure. The information transfer is in this case much
easier than in the fluid because of the Lagrangian description of the bulk.
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