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Abstract

Facing the complex environment of deep alluvium, many new coal mines are trying to use high
strength steel fiber reinforced concrete (SFRC) as shaft lining material. In order to investigate the
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damage characteristics of steel fiber reinforced concrete (SFRC), based on acoustic emission tech-
nology and damage mechanics theory, the mechanical properties of SFRC were analyzed. The re-
sults show that: 1) With the increase of steel fiber content, the compressive strength, ductility and
toughness of steel fiber reinforced concrete are obviously improved, and the failure type changes
from tensile failure to shear failure. 2) Based on the damage parameter model defined by acoustic
emission parameters, the damage characteristics of SFRC under uniaxial and triaxial loading can
be quantitatively analyzed. 3) The acoustic emission rate parameter a has a good correlation with
the damage degree, and has an early warning effect on the damage of steel fiber reinforced con-
crete.
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Table 1. Physical and mechanical properties of steel fiber
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Table 2. Mix proportion of cube concrete matrix
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Figure 1. Test specimen
R AN

Figure 2. Loading system
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Figure 3. Sensor layout. (a) Ultrasonic pressure head; (b) acoustic emission sensor; (c) general layout
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Table 3. Strength statistics of specimens under uniaxial and triaxial compression
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Figure 4. Four groups of stress-strain curves of steel fiber reinforced concrete. (a) Uniaxial stress-strain curve; (b) Triaxial
stress-strain curve
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Figure 5. Elastic modulus and Poisson’s ratio
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Figure 6. Time duration of SF2% stress and acoustic emission impact number
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Figure 7. Time duration of acoustic emission impact number of four groups of steel fiber volume fraction
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Figure 8. Relationship between RA and AF in triaxial loading test
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Table 4. Corresponding damage amount under each load level

® 4. BEHKFZTHNEBRGE

FTEKT AT KPR CEv SR AT KPR
0.05 0.001 0.12 0.55 0.09 0.27
0.1 0.006 0.14 0.6 0.1 0.27
0.15 0.009 0.14 0.65 0.12 0.28
0.2 0.01 0.14 0.7 0.13 0.3
0.25 0.01 0.22 0.75 0.15 0.32
0.3 0.02 0.22 0.8 0.2 0.37
0.35 0.02 0.25 0.85 0.6 0.73
0.4 0.05 0.25 0.9 0.9 0.97
0.45 0.07 0.26 0.95 0.96 0.98
05 0.08 0.27 1 1 1
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Figure 9. Comparison of damage curves defined by SF2% AE parameters
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Table 5. Cumulative number of events at different load levels

F# 5. FEITHKFEEHRAE

P/Pu E SER- AL P/Pu =B
0.05 3 0.55 115
0.1 4 0.6 137
0.15 5 0.65 149
0.2 8 0.7 168
0.25 13 0.75 191
0.3 24 0.8 220
0.35 36 0.85 411
0.4 60 0.9 542
0.45 78 0.95 589
0.5 99 1 604
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Figure 10. Fitting curve of SF2% AE activity
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Figure 11. Curve of AE rate a versus damage amount with time
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