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ABSTRACT

This paper explores the practical possibility of using a magnetic field to orient steel fibres in a fres|
concrete matrix. This process leads to preferential orientation, which increases the desired mechani-
cal properties of the hardened material. In general, this paper focuses on the technical aspects of the
orientation process and identifies key areas, such as the strength and shape of the magnetic field,
velocity of the sample’s passage through the magnetic field and viscosity of the materials. A proto-
type orienting apparatus was constructed with different permanent magnet systems to evaluate their
performance. An ultrasound gel and a cementitious matrix were used as a medium for the fibres.
Numerical simulations were created to further understand the effects of the magnetic field’s strength
and shape. The final orientation of the fibres in hardened concrete was evaluated using Q factor mea-
surements, X-ray scans and bending tests. A sufficiently strong magnetic field can be used to orient
fibres in fresh concrete.
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1 INTRODUCTION
High-performance concrete (HPC) is a material that offers many advantages compared
with normal strength concrete, such as better resistance against water penetration, increased
toughness, fatigue performance and subsequent longevity. However, its main disadvantage
is still the brittle behaviour [1, 2]. This can be improved by adding reinforcing fibres. The
resulting composite can then offer better strengths and resistance to extreme loads [3, 4]. The
fibres are usually added during the mixing process, so their distribution and orientation are
not directly controlled. It is also influenced by other factors such as the mould shape, work-
ability and flow of the fresh mixture and the placement methods [5-8]. The homogeneity of
the material is not automatically assured. On the contrary, the mechanical parameters of the
hardened fibre-reinforced concrete can vary significantly.

This paper explores the possibility of orienting the ferromagnetic (steel) fibres embedded
in a HPC matrix using a magnetic field. The general goal is to orient the fibres for maxi-
mum efficiency in terms of the expected directions of tensile stresses in the material. Ideally,
fibres in the matrix need to be perpendicular to the formed cracks. This should lead to either
improving the performance of the material or lowering the necessary amount of expensive
reinforcing fibres in order to meet certain mechanical characteristics.

The process of orienting the fibres using a magnetic field has several technical parameters
that need to be tested for their significance on the resulting orientation. These are mainly
the strength of the magnetic field and the shape and direction of the magnetic field lines.
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