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Mechanical Properties of Steel Fiber Reinforced Concrete
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Abstract: In order to investigate the influence mechanism of steel fiber content on the dynamic compression and
tensile mechanical properties of concrete,this study conducted dynamic compression and dynamic Brazilian splitting
tests on concrete samples with varying impact pressure and steel fiber volume contents (0% C50 element concrete,
2% ,3% ,and 4% ) using a Hopkinson pressure bar( SHPB) device. Additionally, high-speed photography was em-

ployed to reveal the dynamic evolution process of cracks. The test results demonstrate that under the same impact
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pressure, both the dynamic compressive strength and dynamic splitting tensile strength of steel fiber reinforced con-

crete samples exhibit a positive correlation with the content of steel fiber. Furthermore , there is also a positive correla-

tion between energy absorption capacity and degree of crushing,indicating that steel fibers effectively inhibit concrete

crushing while preventing excessive energy absorption and dissipation in these samples. The upper limit for energy

absorption rate in steel fiber reinforced concrete samples ranges from 30% to 36% . Notably, compared to its effect on

dynamic compressive strength , steel fibers significantly enhance the dynamic splitting tensile strength of concrete. For

applications requiring high-strength or anti-violence characteristics in combination with cost-effectiveness, technical

controllability,and test data analysis; incorporating a reasonable range for toughening can be achieved by including

2% ~3% steel fiber content into high-strength concrete. Moreover, it is important to note that the action mechanism

of steel fibers differs when considering their effects on both dynamic splitting and compression failure in concrete

samples. Steel fibers significantly impede crack propagation during dynamic splitting processes ; however, separation

between the fibers themselves leads to ineffective toughening during dynamic compression. "
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Table 1 The physical property parameters of steel fiber
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Fig. 3 Dynamic compression and dynamic equilibrium curves of splitting specimens of steel

fiber reinforced concrete under typical impact air pressure
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Table 2 Results of steel fiber reinforced concrete SHPB uniaxial impact compression test

iR/ hifi s B/ SFHE 5 1% AR T3 5
MPa (m-s™") - I B/ MPa AR /s 7! B /%
9.030 4 100. 45 102 4.37
0.5 9.109 3 96.24 98 1.39
8.994 2 94.92 90 23.02
9.010 0 77.16 97 -
8.501 4 90.31 83 11.23
0.4 8.401 3 81.19 84 2.46
8.433 2 79.24 82 18.78
8.531 0 66.71 86 -
7.369 4 83.48 74 4.73
0.3 7.410 3 79.71 75 10.23
7.291 2 72.31 72 14.81
7.354 0 62.98 74 -
5.620 4 75. 88 56 9.05
0.2 5.592 3 69.58 54 1.81
5.588 2 68. 34 53 18.63
5.601 0 57.61 56 -
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Table 3 Energy data of shale samples under different impact pressure

iy U/ 24 A5 &N & hE M fie W
MPa /% W,/J W,/] W,/] W/J

4 8265.29 3171.69 2322.15 2771.35 33.53

0.5 3 8100. 94 2849.53 2392.31 2859. 10 35.25

2 8118. 17 2730. 17 2510. 68 2877.31 35.44

0 8580. 24 3071.83 2471.95 3036. 46 35.39

4 6557.17 2338.13 2350. 54 1868. 50 28.50

0.4 3 6933.25 2608. 42 1866. 14 2458. 69 35.46

2 6628.93 2232.05 1927.49 2469. 38 37.25

0 6447. 49 1312.09 1528.89 2328. 84 36. 12

4 4633.53 1222.65 2324.50 1086. 38 23.45

0.3 3 4775.31 946. 84 2538.01 1290. 46 27.02

2 4123.96 1109. 14 1820. 11 1194.71 28.97

0 4158.92 1025.58 1872.42 1260.92 30.32

4 2320.96 173.98 1812.37 334.61 14.42

0.2 3 2370.77 189.68 1734.07 447.03 18.86

2 2098. 64 160. 19 1506. 24 432.22 20. 60

0 1950. 09 125.62 1381.36 443.12 2.72
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Fig. 8 Typical crack propagation image taken by high speed photography
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Table 4 SHPB splitting test results of

steel fiber reinforced concrete

iR E, Wk, WL ShiAHURL BiRiR

MPa  (m-s™') #E&E/% RE/MPa WK/ %
8.841 4 34.92 21.42
0.5 8.947 3 28.76 7.39
8.815 2 26.78 54.44
8.756 0 17.34 -
6.386 4 31.84 12.67
0.4 6.289 3 28.26 6.52
6.213 2 26.53 65.61
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Fig. 10 Dynamic splitting tensile strength of steel fiber reinforced concrete specimens
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Fig. 11 High speed photography of typical

splitting crack propagation
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Fig. 12 Velocity of typical failure characteristic point of

concrete specimen in Brazil splitting test
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Fig. 13 Growth rate of tensile and compressive strength of

steel fiber reinforced concrete at 0.5 MPa
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Fig. 14 Typical failure mode of compression and splitting
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