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SIMULATION OF FRACTURE PROCESSIN CONCRETE ELEMENTS
WITH STEEL FIBRESUSING DISCRETE LATTICE MODEL
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Gdarisk University of Technology, Gdarisk, Poland

1. Introduction

Thefibre reinforced concrete is commonly used for indudria floors. The deermination of its
strength and dudility is of a mgjor importance for the design of floors. This pgper deds with
simulations of a fradure processin concrete induding sted fibres with our novd discrete lattice
modd [1], [2]. Conaete is described at a meso-scde as a four-phase material composd of
aggregate, cement matrix, interfadal zones and sted fibres. The elements are stochasticdly
distributed in the form of a lattice mesh usng a Delaunay's congruction scheme. The cdculations
are caried out for conaete spedmensinduding sted fibres subjed to uniaxia extenson and three
point bending.

2. Discrete lattice model

Our lattice modd [1], [2] differs from clasgcd lattice bean modds [3] composed of beans
conneted by non-flexible nodes in tha it congsts of rods with flexible nodes subjed to
longtudind deformability and rigid body rotation. Thus sheaing, bending and torsion are
represented by a change of the ange beween rod elements conneded by angular springs. This
quasi-static modd is of akinematic type The cadculationsof e ement displacements are carried out
on the basis of the condderation of successve geometricd changes of rods due to trandation,
rotation and nomal and bending deformation. Thus the globd stiffnessmatrix is not built and the
cdculation method had a purely explicit charader. Owing to tha, the computation time is
significantly reducel. In addition, torsion in threedimensond simulationsis induded. Each rod
element is removed from the lattice if the locd criticd tendle strain is excealed. The lattice
edements posess a longtudind stiffness k; (controls the changes of the element length), bending
stiffnessky, (controls the changes of the angle between elements) and torsiond stiffnessk; (controls
the changes of thetorsiond angle between elements). The quasi-brittle material is discretized in the
form of a 3D tetrahedral grid or a 2D triangular grid induding lines. The distribution of elementsis
asumed to be completely randomusing a Delaunay's condruction scheme. First, a tetrahedral grid
of nodes is credaed in the material with the side dimensons g. Then ead nodeis randomly
displaced by a 3D vedor of the magnitude s. Then eat edge in the Delaunay mesh conneding
those nodes forms a lattice rod. The modd neeals 2 parameters to randonly distribute elements in
the lattice The material heerogendty is implemented by projeding it on the lattice and
corresponding properties are assgned to relevant | attice elements with sted fibres distributed in the
whole spedmen. The material paameters have been determined empiricdly to match the
experimental results at the maao-scde with the numericad ones on the basis of a uniaxial tenson
and mmpresson test [2].

3. Numerical results

Figure 1 presents results with plane conaete spedmens composed of 200000rod elements
subjed to uniaxial extenson (Fig.1A) and threepoint bending (Fig.1B). The average rod length was
g=1 mm (the rod length changed beween 0.3 mm and 2 mm). One assumed following material
paameters for the cement matrix, aggregae and bond: ky/ki =0.6 (with k=20), locd &,ir=0.2%
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(cement matrix), ky/k =0.6 (with k=60), locd &in=0.133%(aggregate), ky/k =0.6 (with k=14), locd
&in=0.05% (bond) and ky/ki=1 (with k=160), locd &in=3% (sted fibres). The aggregae densty
was asaumed to be 25%. The mean aggregate diameter was dsg=3.5 mm (the aggregae diameter
changed beween 2 mm and 16 mm). Five simulationswere performed. The sted fibres content was
0%, 2% and 5% respedively (with resped to the total amount of rodg. The moduli of easticity
were: 60 GPa(aggregae), 20 GPa(matrix), 14 GPa(bond)and 160 GPa(fibres), respedively. The
interfacehad, thus the lowest strength.
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Figure 1: Notched conaete spedmenswith adiff erent sted fibre amountsubjed to uniaxial
extengon (A) (a) verticd nomal stressversusverticd nomal strain, b) cradk propagation) and
three-point bending (B) (verticd force versusvertica displacament, b) crack propagation)

The results show tha the presence of fibres increases both the strength and dudility of conaete
elements dueto alonger propagation way of cradks.
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