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Abstract: In order to study the influence of fiber on the fracture properties of cement concrete, selecting
several types of fibers with different specifications, under the conventional proportion of those fibers, three-
point bending test on single fiber or hybrid fiber concrete specimens with notches is carried out, and the result
is contrasted with that of plain concrete specimens. The curves of load vs. crack opening displacement of 5
groups of specimens, including plain concrete, PVA fiber concrete, ordinary steel fiber concrete, ultra-fine
steel fiber concrete and ternary hybrid fiber concrete, are obtained by the test. The parameters of the fracture
properties such as fracture energy, fracture toughness and critical opening displacement of each group of
specimens are calculated theoretically. The cracking behaviors of each group of the specimens during three-
point loading are simulated by Abaqus software based on the extended FE method to track the crack

expansion. The test and numerical simulation results show that (1) the fracture toughness of different types of
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fiber concrete is significantly different under the normal fiber proportion; (2) the load-deformation curves of

steel fiber concrete and ternary hybrid fiber concrete are fuller than those of plain concrete and PVA fiber

concrete, and the curves of some specimens rose again and reached the second peaks after reaching the peak

load and entering the descending section, showing good fracture toughness; (3) the cracking behavior of

fiber concrete can be simulated preferably by the extended FE method, and the load curves, the failure

modes and the fracture parameters of each group of concrete specimens obtained from the numerical simulation

have the high degree of coincidence with the experimental result; (4) the extended finite element method can

track the crack expansion at any time, so as to determine the variation relation of crack length with the

loading time and displacement, and to predict the potential routes of crack expansion reasonably.

Key words: road engineering; fracture property; extended finite element method ; fiber concrete ; three-point
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Tab.1 Technical indicators of fiber

K/ =R W/ HERR PURR S

LTk
AT mm mm (g-cm) GPa MPa
WSHALT 4 35 0.8 7.8 210 380
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® L Imms 0.012 ~

% i 12 1.29 =35 =1 200
4k (PVA) 0.014
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Tab. 2 Mixing ratio of plain concrete (unit: kg/m®)
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Tab.3 Fiber volume content of each control group (unit: % )
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Fig. 1 Curves of load vs. crack opening displacement
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Tab.4 Result of conditional load test

X HR 2 Al A2 A3 A4 A5
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Tab.5 Breaking energy of concrete specimens with

different mixing ratios
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Tab. 6 Result of fracture toughness test

X HRZH Al A2 A3 A4 A5

WiZdRE/ (KN - m~¥2) 1098.72 1200.74 1380.92 1443.71 1590.53
W 440 B 34 25 HL/ % 0 9.28 25.68 31.39 44.76
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Tab.7 Critical crack opening displacements
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Fig.2 Three-point bending beam model
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Tab. 8 Properties of concrete material with different

mixing ratios

il PUERRE/  BUBIREE/ BedERTRE/ Wr#dne/
MPa MPa MPa (N-m™")
Al 59.7 3.4 3.47 x 10* 343
A2 62.5 3.5 3.49 x 10* 408
A3 66.3 3.7 3.79 x 10* 5035
A4 73.7 4.0 3.87 x 10* 5 694
A5 75.6 4.1 3.83 x10* 5941
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Fig.3 Comparison of curves of load vs. crack opening displacement
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Tab.9 Comparison of fracture parameters
2R X HREH Al A2 A3 A4 A5
R E/N 2 800 3167 3725 3 887 4313
o]
HRUE/N 2658 3072 3960 4186 4410
728
R2E/ % 5.07 2.99 6.30 7.69 2.24
REH/N 3 360 3672 4223 4 415 4 864
Il ¢
T BMNE/N 3326 3722 4087 4374 4477
[GIE=
1R/ % 1.01 1.36 3.22 0.93 7.95
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( kKN + m =372 )
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R
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