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Preparation and M echanical Propertiesof 2D - Aligned Steel Fiber Reinforced Concrete

QING Longbang', Bl Mengdi*, MU Ru*, XING Peng?
(1. School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, Ching;
2. China Communication Construction Company Infrastructure Mainteinance Group Co.Ltd, Beijing 100020, China)

Abstract: The orientation of steel fibers has an effect on the mechanical properties of steel fiber reinforced concrete (SFRC). In
elements or structures such as slabs, floors and pavements, vertical steel fibers are useless but harmful to the structures. In this case,
the optimal distribution of steel fibers is two-dimensiona (no vertical, but random in the plane) dispersion. In this paper, the steel
fibers were aligned using a rotating uniform magnetic field, and the 2D aligned steel fiber reinforced concrete (2D-SFRC) was
prepared to enhance the mechanical properties of SFRC and the efficiency of reinforcement of steel fibers. The splitting tensile
performance, flexural behavior of prism and circular plate specimens of 2D-SFRC were tested and compared with those of the
specimens with randomly distributed steel fiber reinforced concrete (RD-SFRC). Besides, the mechanism of reinforcement of
2D-SFRC was investigated from the perspective of fiber distribution characteristics and acoustic emission signals. The results show
that the mechanical properties of 2D-SFRC are significantly improved, compared with RD-SFRC. The fiber distribution statistics and
acoustic emission analysis indicate that the increased amount of steel fibers in the fracture surface and enhanced fiber orientation
effective factor are the main reasons for the improved mechanical properties of 2D-SFRC. The 2D-SFRC has the characteristics of
high performance and low cost, which is of great significance for improving the engineering quality and reduce the materials
consumption.
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Table 1 Fiber orientation effective factor with different
distribution conditions

Fiber orientation effective factor

References

2D 3D
Soroushian et al %2 0.637 0.405
Dupont et al 5% 0.600 0.500
Alberti et al ) 0.667 0.444
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Fig. 1 Principle of preparing 2D-SFRC by rotating magnetic
field
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Table2 Mix proportion used in the experiment

Water- Mix proportion/(kg-m™) Steel fiber
cement  Water  Cement  Sand  Super volume
ratio plasticizer fraction/%

0.42 266 634 1268 0.5 0.8
0.42 265 632 1264 05 12
0.42 264 629 1258 05 16
0.42 263 627 1254 05 2.0
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Table 3 Number of fibers and fiber orientation effective
factor in fracture surface of 2D-SFRC and

RD-SFRC
Specimen Number of fibers  Fiber orientation effective factor
2D-SFRC-0.8% 252 0.65
RD-SFRC-0.8% 197 0.58
2D-SFRC-1.2% 286 0.64
RD-SFRC-1.2% 251 0.59
2D-SFRC-1.6% 306 0.65
RD-SFRC-1.6% 264 0.57
2D-SFRC-2.0% 433 0.66
RD-SFRC-2.0% 370 0.58
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Table 4 Flexural toughness of circular plate specimen
under different deflections

Flexural toughness/J

Specimen
0=5mm 0=10 mm 0=20 mm
2D-SFRC-0.8% 62.3 116.0 191.0
RD-SFRC-0.8% 445 83.4 146.6
2D-SFRC-1.2% 81.8 157.2 278.7
RD-SFRC-1.2% 61.0 1141 1985
2D-SFRC-1.6% 104.2 195.1 304.8
RD-SFRC-1.6% 77.8 144.3 2445
2D-SFRC-2.0% 1119 199.5 3318
RD-SFRC-2.0% 86.2 153.7 266.1

J is center deflection of circular plate specimen.
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