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Abstract: To improve the application efficiency of steel fibres and the properties of ultra-high performance concrete (UHPC)
composites, the formation and optimization of fibres content and its 3D network in UHPC matrix were investigated. A basic UHPC
mixture was designed using a modified Andreasen & Andersen (MAA) particle packing model. The formation of fibres network and
the effect of steel fibres on the UHPC properties were analyzed. The experimental results reveal that casting at one side of the mould
benefits the orientation of steel fibres, and a higher steel fibres content results in more disordered orientation of steel fibres and
increases the possibility of fibres connection, which is not conductive to the development of particle packing structure and workability
of UHPC. The addition of steel fibres contributes to the development of UHPC mechanical properties, but the excessive addition of
steel fibres will cause the reduction of the fibre application efficiency. The use of steel fibres has both positive and negative effects on
the UHPC properties, thus there is a need for the optimization of steel fibre 3D network to improve the fibre application efficiency
and obtain expected UHPC products.
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Table 1 Chemical composition of cementitious materials
w/%
NaZO MgO A1203 S102 P205 SO3 Kzo CaO FCZO3 LOI

Material

Cement 0.09 1.61 4.18 192 0.09 3.35 0.78 64.93 3.32 2.49
Silica fume 0.13 0.47 0.25 94.65 0.17 0.69 0.84 0.36 0.15 2.29

Fly ash 0.33 0.23 38.01 46.44 0.06 0.69 0.88 7.50 3.12 2.79

w is mass fraction.
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Table 2 Mixtures of the UHPC kg/m’
Sample No. C FA SF Sand-1 Sand-2 Water SP SSF
UHPC-0.0% 750 200 144 770 220 190 30 0
UHPC-0.5% 750 200 144 770 220 190 30 39
UHPC-1.0% 750 200 144 770 220 190 30 78
UHPC-1.5% 750 200 144 770 220 190 30 117
UHPC-2.0% 750 200 144 770 220 190 30 156
UHPC-2.5% 750 200 144 770 220 190 30 195
UHPC-3.0% 750 200 144 770 220 190 30 234

C: Cement; FA: Fly ash; SF: Silica fume; Sand-1: 0-0.60 mm; Sand-2: 0.60—1.25 mm; SSF: Straight steel fibers; SP: Superplasticizer.
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