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ABSTRACT: This paper verifies the application of the material model proposed by A.
Domingo et al. 2001, in the structural analysis and design of SFRC shells, overcoming
convergence problems, and establishing a calculation procedure for these kinds of shells. The
numerical developments that will be carried out will consist of several simulations of the
behaviour of a shell with a linear and non-linear FEM software with smeared cracking.
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1 INTRODUCTION

For the development of the use of steel fiber reinforced concrete (SFRC) in shell structures it is
important to have a trustworthy material model that can be used in numerical models.

A square shaped hyperbolic paraboloid shell (side = 24.38 m) was analyzed. The edge beam was fixed
at two opposite points to the supports. The elevation of the free edge points was 9.74 m. The shell had a
uniform thickness of 10 cm and the edge beams had a constant cross section of 50 x 50 cm.
Conventional reinforcement of ¢$12 @30 cm was considered.

One of the main characteristics of the model proposed by [DOMO0] is the use of a residual strength for
the SFRC after cracking. The value of the residual strength is about 60% of the concrete’s tensile
strength for a fiber content between 70 and 90 kg/m’.

The results of the numerical analyses were compared a) with the results of the membrane theory, and b)
with the results of the analysis of the same structure carried out in the doctoral thesis of C. S. Lin in
1975 [LIN75].

2 OBJECTIVES

The aim of this paper is to verify the application of the material model proposed by the authors
[DOMOL1] in the structural analysis and design of a SFRC shell and to analyze the possible substitution
of conventional reinforcement with steel fibers.

In our study a numerical analysis was carried out with several non-linear FEM programs. ABAQUS™
and CASTEM2003. Three material models were analyzed: linear, traditional reinforced concrete and
steel fiber reinforced concrete (SFRC). Also a membrane analysis was established.
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3 ANALYSES CARRIED OUT
3.1 Membrane analysis

The first analysis was developed by application of a membrane equation. This analysis does not is
consider the material behaviour. The formulas used were developed at the beginning of the 20™
century, [BIL82], and provide the internal membrane force field which consists of a pure shear force of
constant magnitude.

The pure shear force is:

Where P is the distributed loading and C is a geometrical parameter.

By integration of this force field, we can find the axial force in the edge beam.
N =N _ s @)
s Xy

Where “s” is measured in the edge beam direction.

This analysis provides the internal membrane force field and the axial force in the edge beam.

3.2 Numerical analysis

Several numerical simulations were carried out. The first simulation was a linear analysis. For this
analysis two different programs were used, ABAQUS™ and CASTEM2003. For the rest of the
analyses we used ABAQUS™ only. The second simulation considers a traditional reinforced concrete
model with tension-stiffening, proposed by Scordelis, [SCO72]. The third simulation used the material
model developed by Domingo et al. [DOMO00], for the SFRC. ABAQUS™ can use a smeared cracking
model. This model was used for the non-linear analyses.

ahutment
high point !
KU
o R S S S A A I
AL
i
nbutment high polnt

Figure 1. 25 x 25 mesh.

The mesh and the tipe of element were the same for all the analyses. The finite element mesh, chosen
as 25 x 25, is shown in the figure 1.

To model the shell, a shell quadrilateral element was used. These shell elements are named S4R. The
S4R elements provide six degrees of freedom per node and use one integration point. To model the





















